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1 SCOPE OF THE EAD

1.1 Description of the construction product

This EAD covers post-installed bonded screw fasteners for use in concrete (in the following referred to as
bonded screw fasteners) placed into pre-drilled holes perpendicular to the surface (maximum deviation 5°)
in concrete. This construction product consists of the combination of a concrete screw, which cuts a thread
into the concrete, and bonding material. Both components contribute to the functioning of the fastening
system.

This construction product cannot be assessed according to other existing EADs, since an assessment
method to cover various ranges of combination of both functioning principles is needed. Nevertheless, the

different components of the system are defined by EAD 330232-01-0601 [1]%, clause 1.1 and Figure 1.14,
for the screw fasteners, and EAD 330499-01-0601 [2], for the bonding material.

The product is not covered by a harmonised European standard (hEN).

In addition, the product is not fully covered by the following harmonised technical specifications:
EAD 330499-01-0601 [2] and EAD 330232-01-0601 [1]. The bonded screw fasteners may neither be
assessed according to EAD 330499-01-0601 [2], because the external thread diameter of the steel element
is larger than the drill hole diameter, nor according to EAD 330232-01-0601 [1], because the essential
characteristics are different (e.g., combined pull-out and concrete failure, y%us, see clause 2.1).

Concerning product packaging, transport, storage, maintenance, replacement and repair it is the
responsibility of the manufacturer to undertake the appropriate measures and to advise his clients on the
transport, storage, maintenance, replacement and repair of the product as he considers necessary.

It is assumed that the product will be installed according to the manufacturer’s instructions or (in absence
of such instructions) according to the usual practice of the building professionals.

Relevant manufacturer’s stipulations having influence on the performance of the product covered by this
European Assessment Document shall be considered for the determination of the performance and detailed
in the ETA.

1.2 Information on the intended use of the construction product

1.2.1 Intended use

Bonded screw fasteners are used to connect structural and non-structural elements to structural
components.

The fastener is intended to be used:

e in uncracked concrete only (Table 1.2.1.1, option 7 — 12),

e in cracked and uncracked concrete (Table 1.2.1.1, option 1 — 6),

e under static or quasi-static actions,

e under seismic actions (category C1, C2 according to EAD 330232-01-0601 [1], Annex C),

e with requirements related to resistance to fire (only for fasteners in cracked concrete, Table 1.2.1.1,
option 1-6),

e with adjustability procedure in accordance with EAD 330011-00-0601 [4] and the additional
requirements provided in this EAD in each relevant test series.

Concrete condition:

11 = installation in dry or wet (water saturated) concrete and use in service in dry or wet concrete;

12 = installation in water-filled drill holes (not sea water) and use in service in dry or wet concrete.

1A undated references to standards or to EADs in this EAD are to be understood as references to the dated versions listed in
chapter 4.

© EOTA



European Assessment Document — EAD 332795-00-0601 4/46

Water-filled holes are pre-drilled holes (with drilling and cleaning according to the manufacturer’s product
installation instructions MPII), which are afterwards filled with water (e.g., overnight rain in outdoor
applications). Underwater installation is different to this condition as the water pressure has to be accounted
for. Therefore, the bonded screw fastener is not intended to be used for underwater installations.

Installation direction:

D1 = downward only,
D2 = downward and horizontal installation,
D3 = downward and horizontal and upwards (e.g., overhead) installation.

Installation temperature:

The bonded screw fastener is intended to be used for a range of temperature during installation and curing
of the bonding material in the concrete base material between minimum installation temperature not lower
than -40 °C and the maximum installation temperature not higher than +40 °C.

For assessment of installation under freezing condition the manufacturer may choose for the standard
variation of temperature or rapid variation of temperature (within a 12-hour period from a low of 0 °C or less
to a high of +24 °C or more) after installation.

Service temperature

The service temperature ranges of the concrete base material (anchorage base) during the working life are:

T1: 24 °C/40 °C = temperature range from -40 °C to +40 °C, with a maximum long-term temperature of
+24 °C, and a maximum short-term temperature of +40 °C;

T2:50 °C/80 °C

temperature range from -40° C to +80 °C, with a maximum long-term temperature of
+50 °C, and a maximum short-term temperature of +80 °C;

T3: Tt/ Tmst = possible other or additional temperature range from -40 °C to + maximum short-term
temperature Tmst, with @ maximum long-term temperature Tmit= 0,6 to 1,0 Tmst, and
a maximum short-term temperature of Tmst= 40 °C, if applied for by the manufacturer.

Concrete

The product is intended to be used in compacted, reinforced or unreinforced concrete without fibres of
strength classes C20/25 to C50/60 according to EN 206 [3].

The product is intended for the use in hardened concrete which is at least 21 days old.

The concrete screws with additional bonding material are intended to be used in concrete members with a
thickness h of:

1. h =80 mm and h = 1,5 hef (fasteners intended for use in cracked or uncracked concrete)
2. h =80 mm and h = 2,0 het (fasteners intended for use in uncracked concrete only)

In addition, the thickness of the concrete member in which the fastener is installed is h = h1+ Ah, where h:
is the drilling depth and Ah = max (2 do; 30 mm).

Definitions of the symbols are given in Figure 1.2.1.1 and clause 1.3.2.

© EOTA
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Thickness of the concrete member
h1 Depth of the drill hole

E & : he  Effective embedment depth
< 3 Ah  Concrete cover under the drill hole
g ~:J do  Drill hole diameter
= c edge distance

Figure 1.2.1.1 Definitions of dimensions for installation

Performance aspects for calculations of bonded screw fasteners for use in concrete

In this EAD the assessment is made to determine essential characteristics of bonded screw fasteners that
are used for calculations of fastenings for use in concrete according to EN 1992-4 [6] with modifications
specified in the EOTA TR 075 [5].

If there are any manufacturer’s installation instructions (e.g., drilling technology, hole cleaning, installation
tools, torque moments), they shall be reported in the ETA.

With regard to the intended use, the manufacturer may choose one of the options given in Table 1.2.1.1.

Table 1.2.1.1 Options for intended use

1 —
2 =5 L3 b 0 * o
s 13, 5% |es |S_ |L%2 -
c c x 9 L9 g 38 S S Tcoa 5 £ SN
o 8 g0 on P © == >o% a %) SS x
2 5 2 | 328 | 282 =2 gao 3 3 co 2
le) o) s 0 So= c 0 © = S5 5 S S - c
S S © © 5 ° o > T S= 0 v 25«
@ Z c c QL Q o 05 £ @
O o8 £0 S nw= 9 £ =]
=) o S
1 x v
x v A
2 v x
v v
3 x v
v v B
4 v x
v x
5 x v
v x C
6 v x
7 x v
x v A
8 v x
v v
9 x v
x v B
10 v x
v x
11 x v
v x C
12 v x

Bonded screw fasteners are intended for use in fastener groups as defined in EN 1992-4 [6] with product
specific modifications indicated in TR 075 [5]. Fasteners covered by this EAD can be used in fastener
groups only when criteria for load-displacement behaviours specified in clauses 2.2.2 and 2.2.5 are met.

© EOTA
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1.2.2 Working life/Durability

The assessment methods included or referred to in this EAD have been written based on the manufacturer’s
request to take into account a working life of the bonded screw fasteners for the intended use of 50 years
when installed in the works (provided that the bonded screw fasteners are subject to appropriate installation
(see 1.1). These provisions are based upon the current state of the art and the available knowledge and
experience.

When assessing the product, the intended use as foreseen by the manufacturer shall be taken into account.
The real working life may be, in normal use conditions, considerably longer without major degradation
affecting the basic requirements for works2.

The indications given as to the working life of the construction product cannot be interpreted as a guarantee
neither given by the product manufacturer or his representative nor by EOTA when drafting this EAD nor
by the Technical Assessment Body issuing an ETA based on this EAD, but are regarded only as a means
for expressing the expected economically reasonable working life of the product.

1.3 Specific terms used in this EAD

1.3.1 Abbreviations

C1l = seismic performance category C1 (use in design according to EN 1992-4 [6] C.2)
c2 = seismic performance category C2 (use in design according to EN 1992-4 [6] C.2)
CS = concrete screw

DM-A = design method A according to EN 1992-4 [6] Annex G

DM-B = design method B according to EN 1992-4 [6] Annex G

DM-C = design method C according to EN 1992-4 [6] Annex G

MPII = manufacturer’s product installation instructions

1.3.2 Notation

As = stressed cross-section of the fastener used for determining the tensile capacity

Cer = edge distance for ensuring the transmission of the characteristic resistance of a single
fastener

CerN = edge distance for ensuring the transmission of the characteristic resistance in tension

of a single fastener without edge and spacing effects in case of concrete cone failure

Cersp = edge distance for ensuring the transmission of the characteristic resistance in tension
of a single fastener without edge and spacing effects in case of splitting failure

Cerv = edge distance perpendicular to the direction of the shear load for ensuring the
transmission of the characteristic resistance in shear of a single fastener without
corner, spacing and member thickness effects in case of concrete failure

Crmin = minimum allowable edge distance

The real working life of a product incorporated in a specific works depends on the environmental conditions to which that works
is subject, as well as on the particular conditions of the design, execution, use and maintenance of that works. Therefore, it
cannot be excluded that in certain cases the real working life of the product may also be shorter than referred to above.

© EOTA
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coefficient of variation [%)] related to loads
coefficient of variation [%] related to displacements
fastener bolt / thread diameter

drill hole diameter

cutting diameter of drill bit

medium cutting diameter of drill bit (see EAD 330232-01-0601 [1] Annex B
Figure B.5)

cutting diameter at the upper tolerance limit (see EAD 330232-01-0601 [1] Annex B
Figure B.5) (maximum diameter bit)

cutting diameter at the lower tolerance limit (see EAD 330232-01-0601 [1], Annex B
Figure B.5) (minimum diameter bit)

diameter of clearance hole in the fixture
nominal core diameter of the main load bearing section

external thread diameter of the main load bearing section of the fastener (concrete
screw) used in the test;

lower limit of external thread diameter of the main load bearing section of the fastener
(concrete screw) according to the specification of the manufacturer.

force in general (for the relevant test series N or V applies)
characteristic resistance stated in the ETA

characteristic reference resistance (initial value)

mean failure load in a test series

mean failure (ultimate) load in a reference test series

mean failure(ultimate) load of a test series

mean failure (ultimate) load of a test series normalised to concrete strength C20/25

5% fractile of failure (ultimate) loads of a test series normalised to concrete strength
C20/25

concrete compressive strength measured on cylinders

concrete compressive strength measured on cubes with a side length of 150 mm
compressive strength of concrete at the time of testing

mean concrete compressive strength

nominal characteristic concrete compressive strength (based on cylinder)
nominal characteristic concrete compressive strength (based on cubes)

mean ultimate tensile steel strength of the batch for the tested fastener

nominal characteristic steel ultimate strength as specified in the technical
specification of the manufacturer for the fastener
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ht

ha

Scr,N

Scr,sp

Scr,v

Smin
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nominal characteristic steel yield strength as specified in the technical specification of
the manufacturer for the fastener

thickness of the concrete member

effective embedment depth

minimum thickness of concrete member

overall fastener embedment depth in the concrete
depth of cylindrical drill hole at shoulder

non-load bearing tip of a concrete screw according to Figure 1.14 in
EAD 330232-01-0601 [1]

pitch of the thread of a concrete screw according to Figure 1.14 in
EAD 330232-01-0601 [1]

depth of drilled hole to deepest point
factor for required torque in equation

largest size of the complete product range of each fastener type as supplied to the
market

effective length of the fastener for transfer of shear load

medium size of the complete product range of each fastener type as supplied to the
market

normal force (+N = tension force)

load at which uncontrolled slip of the fastener occurs (see Figure A2.5.1)

mean ultimate steel capacity determined from tensile tests on fastener specimens
mean ultimate tensile load of the tests in concrete

number of tests of a test series

minimum number of tests for a test series

required value of a according to Table Al.1

smallest size of the complete product range of each fastener type as supplied to the
market

spacing for ensuring the transmission of the characteristic resistance of a single
fastener

spacing for ensuring the transmission of the characteristic resistance in tension of a
single fastener without edge and spacing effects in case of concrete cone failure

spacing for ensuring the transmission of the characteristic resistance in tension of a
single fastener without edge and spacing effects in case of splitting failure

spacing perpendicular to the direction of the shear load for ensuring the transmission
of the characteristic resistance in shear of a single fastener without corner, spacing
and member thickness effects in case of concrete failure

minimum allowable spacing
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1.3.3 Indices

cr =

fi =

ucr =
20 =

50 =
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torque

required or maximum recommended setting torque specified by the manufacturer for
expansion, installation or pre-stressing of fastener

Maximum long-term temperature

Maximum short-term temperature

thickness of the fixture

time to failure in tests under fire exposure

shear force

reduction factor for load according to A2.4

reduction factor for uncontrolled slip according to A2.5
reduction factor for large scatter according to A2.2

factor accounting for the sensitivity to installation of post-installed fasteners according
to EN 1992-4 [6], clause 4.4.2.1

displacement of the fastener at 50% of the mean failure load in a test series
mean fastener displacement after 10% crack movements

mean displacement in the repeated load tests after 105 load cycles or the sustained
load tests after terminating the tests (see EAD 330232-01-0601 [1], Annex B; the
larger value is decisive

long term tension displacement

displacement (movement) of the fastener at the concrete surface relative to the
concrete surface outside the failure area in direction of the load (tension, shear) the
displacement includes the steel and concrete deformations and a possible fastener
slip

required crack width, in addition to the initial hairline crack width as measured after
the installation of the fastener

working stroke of action in repeated load tests

cracked concrete

fire

reference tests

tested result

ultimate — situation when failure occurs
uncracked concrete

related to concrete strength class C20/25

related to concrete strength class C50/60
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1.3.4 Definitions

fastener

fastener group

fastening

fixture

long-term temperature

maximum short-term
temperature

test member

impact screw driver

© EOTA

a manufactured component for achieving fastening between the base
material (concrete) and the fixture; it may consist of assembled
components

several fasteners (working together)

an assembly comprising base material (concrete), fastener or fastener
group and fixture

component fixed to the concrete with the use of fasteners

temperature of the concrete within the service temperature range, which
will be approximately constant over significant periods of time. Long-term
temperatures will include constant or near constant temperatures, such as

those experienced in rooms that keep a constant temperature or next to
heating installations

upper limit of the service temperature range

concrete member in which the fastener is tested

electric tool with sudden rotational force for setting and loosening screws



European Assessment Document — EAD 332795-00-0601

2

11/46

ESSENTIAL CHARACTERISTICS AND RELEVANT ASSESSMENT

METHODS AND CRITERIA

2.1 Essential characteristics of the product

Table 2.1.1 shows how the performance of the bonded screw fasteners is assessed in relation to the
essential characteristics.

Table 2.1.1

performance of the product in relation to those essential characteristics

Essential characteristics of the product and methods and criteria for assessing the

No

Essential characteristic

Assessment
methods

Type of expression of
product performance

Basic Works Requirement 1: Mechanical resistance and stability

Characteristic resistance to tension load (static and quasi-static loading) Method A

splitting under load

1 Resistance to steel failure under tension load 221 Level
NRk,s [kN]
Resistance to combined pull-out and concrete Level
2 ; 2.2.2 . o
failure N rkp [KN], we, WOsus [-]
3 Resistance to concrete cone failure 2.2.3 Level
kcr.N, kucr,N [-], hef, Ccr,N [mm]
4 Robustness 224 Level
Yinst [']
Minimum edge distance and spacing, minimum Level
5 : 225
concrete member thickness Cmin, Smin, hmin [Mm]
Characteristic resistance to concrete splitting Level
6 under tension load, edge distance to prevent 2.2.6

NORk,Sp [kN], Cer,sp [mm]

Characteristic resistance to shear load (static and quasi-static loading)

Resistance to steel failure under shear load,

227

Level

7 Characteristic bending moment and ductility Vn. [kN], MPes (NI, ko 1]
factor Rk;s » MPRis , k7
8 Resistance to pry-out failure EQODl ?5]022322'51' :ZseEf]H

Characteristic resistance for simplified design according to EN 1992-4, Annex G

loading

0601 [1], 2.2.10

EAD 330232-01- |Level/ Level
9  |Method B 0601 [1], 2.2.9.1 | Fo« [KN], Cer, Ser [mm]
EAD 330232-01- | Level
10 |Method C 0601 [1], 2.2.9.2 | Fr [KN]
Displacements
11 Displacements under static and quasi-static | EAD 330232-01- |Level

SNo, ONe Ovo, dve [Mmm]

Characteristic resistance and displacements for seismic p

erformance categories C1 and C2

performance category C2, displacements

12 Resistance to tension load for seismic 2.2.8 Level
performance category C1 NRks,c1, Nrkp,c1 [KN]
: . — 2.2.9 Level
Resistance to tension load for seismic
13 Nrks,c2, Nrkp,c2 [KN] 8n,c2

[mm]

© EOTA
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Basic Works Requirement 2: S

afety in case of fire

No Essential characteristic Assessment Type of expression of
methods product performance
14 Resistance to shear load for seismic performance 2.2.10 Level
category C1 VRks,c1, [KN]
15 Resistance to shear load for seismic 2.2.11 Level
performance category C2, displacements VRks,c2, [KN] 8v,c2 [mm]
16 Factor for annular gap 2212 Level
agap [-]

Aspects of durability

17 Reaction to fire 2.2.13 Class
Resistance to fire
. . . . Level
18 Fire resistance to steel failure (tension load) 2.2.14 _
NRrks.fi [KN]
Fire resistance to combined pull-out and concrete Level
19 ) . 2.2.15 ,
cone failure (tension load) N'Rk,p.fi [KN]
. . . Level
20 Fire resistance to steel failure (shear load) 2.2.16

VRksfi [KN], MOrksfi [NM]

21

Durability

EAD 330232-01-
0601 [1], 2.2.11

Description

© EOTA
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2.2 Methods and criteria for assessing the performance of the product in
relation to essential characteristics of the product

This chapter is intended to provide instructions for TABs. Therefore, the use of wordings such as “shall be
stated in the ETA” or “it has to be given in the ETA” shall be understood only as such instructions for TABs
on how results of assessments shall be presented in the ETA. Such wordings do not impose any obligations
for the manufacturer and the TAB shall not carry out the assessment of the performance in relation to a
given essential characteristic when the manufacturer does not wish to declare this performance in the
Declaration of Performance.

An overview of the test program for the assessment of the various essential characteristics of the product
is given in Annex A.

Provisions valid for all tests and general aspects of the assessment (determination of 5% fractile values of
resistance, determination of reduction factors, criteria for uncontrolled slip, etc.) are also given in Annex A.

2.2.1 Resistance to steel failure under tension load

2.2.1.1 Steel capacity (test series N1)
Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.1.1, applies.

Expression of the results

Resistance to steel failure under tension load Nrks [kN]

2.2.1.2 Hydrogen embrittlement (test series N3)
EAD 330232-01-0601 [1], clause 2.2.1.3 applies.
2.2.2 Resistance to combined pull-out and concrete failure

2.2.2.1 Basic tension tests (test series Al to A4 and A1(CS) to A4(CS))

Purpose of the assessment

The tests are performed to determine the tension capacity of a single fastener without edge influence and
thereby the baseline values for the assessment of the performance under tension load Nrk,o and for the
determination of the displacements dno according to EAD 330232-01-0601 [1], 2.2.10.

In addition, with these test lines the contribution of the mortar to the overall performance of the bonded
screw fastener is determined. This is required for two reasons: First, the comparison of test results in
uncracked concrete allows the critical size and embedment depth to be defined and this will be used in
tests for bonding material (Table Al.1, lines R... and B...). Second, the comparison of test results in each
size and embedment depth in both uncracked and cracked concrete will allow the derivation of ow, in
accordance with equation (2.2.2.15.2), for every installation condition applied for by the manufacturer.

Assessment method

These tests shall be performed both with the bonded screw fastener (according to Table A1.1) and with the
concrete screw without the addition of mortar (according to Table A1.2).

Test conditions
EAD 330232-01-0601 [1], clause 2.2.2.1, applies.

If the manufacturer applies for the use of the fastener in uncracked concrete only, the tests in cracked
concrete (lines A3, A4, A3(CS), A4(CS)) may be omitted.

Assessment

Failure loads

EAD 330232-01-0601 [1], clause 2.2.2.1, applies. Determine ¢ [-] according to A2.1.

© EOTA



European Assessment Document — EAD 332795-00-0601 14/46

Assess for each fastener installation condition i (size and embedment depth) the contribution to the overall
performance given by the bonding material Aas, in accordance with equation (2.2.2.1.1). For each size and
embedment, the contribution Aas, shall be calculated separately for uncracked and cracked concrete.

N .
Aag; = (1 - LCS) >0 (2.2.2.1.1)

Num,i
where

Num,cs, is the ultimate mean load from Table Al.2, lines A1(CS), A2(CS) for uncracked concrete
and lines A3(CS), A4(CS) for cracked concrete, converted to the nominal strength of concrete class
C20/25 in accordance with A2.1. Tests are done on the concrete screw without bonding material.
Test results with steel failure shall not be considered in the assessment.

Num,i is the ultimate mean load from Table Al.1, lines Al, A2 for uncracked concrete and lines A3,
A4 for cracked concrete, converted to the nominal strength of concrete class C20/25 in accordance
with A2.1. Tests are done on the concrete screw with bonding material. Test results with steel
failure shall not be considered in the assessment.

Assess the fastener size and embedment depth with Aasmax, i.€., the largest value of Aas,i considering the
maximum contribution given by the bonding material in uncracked concrete, according to equation
(2.2.2.1.2). Such fastener size and embedment depth shall be tested in the sensitivity tests for bonding
material and related reference tests as given in Table Al1.1 (test lines R..., B...). If steel failure occurs in
both A1l and A2 tests, then the contribution given by the bonding material in cracked concrete may be
considered.

Note In order to account for the scatter of results and considering the practical cases of subsequent
additional assessments (e.g., new sizes, embedment depths, new screw designs,...) the sensitivity tests
for bonding material conducted with size and embedment leading to a Aas,ucr that is at most 0,05 below the
largest value Aas max, may be used as well for the assessment of pull-out reductions in every combination
of size and embedment in uncracked and cracked concrete together with the respective values of Aasg;
according to equation (2.2.2.15.1) and (2.2.2.15.2).

Note The sensitivity tests for bonding material may be performed with more combinations of sizes and
embedment depths in addition to the one related to Aagmax, including the above mentioned tolerance of
0,05. For the assessment of the untested combinations of size and embedment depth, the reductions
obtained with the tested combination of size and embedment related to the next larger value of Aag e sShall
be considered.

Note In case of capsule technology the sensitivity for bonding material is assumed to be the same for all
sizes only if the chemistry over the different sizes is the same, e.g., in terms of composition, A-B
components ratio. Otherwise, the sensitivity for bonding material shall be assessed separately for every
capsule size and embedment with different chemistry.

Ao max = max (Aos,iucr) (2.2.2.1.2)

where

Aosmax IS the largest contribution to overall performance in uncracked concrete given by the
bonding material for all sizes and embedment depths in the scope of the assessment.

Aasiucr is the maximum contribution to overall performance in uncracked concrete given by the
bonding material for a fastener installation condition i (size and embedment depth), assessed
according to equation (2.2.2.1.1). If steel failure occurs in both Al and A2 tests, then the
contribution given by the bonding material in cracked concrete may be considered.

Load displacement behaviour

EAD 330232-01-0601 [1], clause 2.2.2.1, applies.
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2.2.2.2 Maximum crack width and large hole diameter (test series F1)

Purpose of the assessment and assessment method

The purpose of the test series is to assess a, a1 and Bcv for use in equation (2.2.2.15.1). Reference of this
test is the test line A3 of Table Al.1.

2.2.2.3 Maximum crack width and small hole diameter (test series F2)

Purpose of the assessment and assessment method

The purpose of the test series is to assess a, a1 and Bcv for use in equation (2.2.2.15.1). Reference of this
test is the test line A4 of Table A.1.1.

2.2.2.4 Crack cycling under load (test series F3)

Purpose of the assessment and assessment method

The purpose of the test series is to assess a, a1, op and By for use in equation (2.2.2.15.1). Reference of
this test is the test line A3 of Table A1.1.

If the manufacturer applies for the use of the fastener in uncracked concrete only, this test series may be
omitted.

2.2.2.5 Repeated loads (test series F4)

Purpose of the assessment and assessment method

The purpose of the test series is to assess a, a1, op and Ry for use in equation (2.2.2.15.1). Reference of
this test is the test line Al of Table A1.1.

Tests shall be performed with repeated loads defined according to equations (2.4) and (2.5) in
EAD 330232-01-0601 [1]. In case the concrete screw is already assessed according to
EAD 330232-01-0601 [1] and the cycling load values to apply are the same, i.e., governing load is based
on steel strength, this test series may be omitted and the test results with the concrete screw alone may be
taken.

2.2.2.6 Impact screw driver (test series F8)
EAD 330232-01-0601 [1], clause 2.2.2.9, applies.

Purpose of the assessment and assessment method

The tests are performed to check if steel failure of the concrete screw occurs while setting with impact
screw drivers.

The tests may be omitted if the MPII do not allow setting with an impact screw driver.

The test series in high strength concrete is required to check if the concrete screw can be installed without
steel failure also in high strength concrete with impact screw driver if test series F7 was omitted.

The test series to be done in the concrete class C20/25 with dcutmax may be omitted if the test is already
performed with the concrete screw alone for an assessment according to EAD 330232-01-0601 [1] and the
setting tool with highest power recommended by the manufacturer is the same.

However a setting test F8 with concrete class C50/60 and dcutmin, With an adjustment process SP1
according to EAD 330011-00-0601, Table 2.3, shall be done at the latest time from fastener setting that is
allowed by the MPII. The purpose of this requirement is to prove the removability of the fastener and still
show that steel failure does not occur in the oversetting of 5 seconds, possibly caused by any pre-damage
during the unscrewing procedure. If no time requirement is given in the MPII, then the adjustment process
shall be done after a “long curing time” for the bonding material (24h for resins or 14 days for cementitious
mortars).

2.2.2.7 Increased temperature (B2 and B3)

Purpose of the assessment

These tests are performed to determine the performance of the bonded screw fastener under increased
temperature (maximum short-term temperature and maximum long-term temperature for all requested
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temperature ranges) simulating service conditions that vary within the considered temperature range. o2
and as, shall be established for use in equation (2.2.2.15.2).

Assessment method

Test conditions

Tests conditions to be applied according to EAD 330499-01-0601 [2] with the following additions and
modifications.

The tests shall be carried out as confined tests in uncracked concrete C20/25 with the fastener size and
embedment depth related to Aasmax, assessed in accordance with 2.2.2.1.

This test series and the reference tests shall be done with a setup such to prevent steel failure, e.g., by
means of reducing the embedment depth. Nevertheless, the specified installation setup given in the MPII
shall be kept (in terms of cleaning, mixing and mortar amount). When reducing the embedment depth after
the initial setting, the deepest part of the fastener with load bearing function shall be tested. The tested
portion (hnom,red) Shall be equal to or larger than 30 mm considering only the part of the screw in the effective
embedment depth assessed in accordance with clause 2.2.3.

It shall be ensured that the wear of the screw thread after setting is representative of the actual application
conditions. Therefore, the fastener shall be installed in concrete according to the MPII with the full
recommended embedment depth. As an example, a concrete top may be drilled through and used for
setting, then removed before the pull-out (see Figure 2.2.2.7.1), e.g., by splitting with hammer and chisel.
The screw shall not be removed during the procedure.

The same setup shall be used for each temperature range and reference tests.

- £
| o
~ c
E| £
o
c
=
a) Fix a concrete slice (A) b) Install the bonding c) Split the upper concrete
on the concrete member material, concrete screw slice (e.g., with hammer
(B), drill and clean the and fixture (steel plate) and chisel) and remove
bore hole it.
A Temporary concrete top for drilling,cleaning and installation
B concrete member
C Fixture (steel plate) for pull-out test

Pnom required overall fastener embedment depth
hnomred reduced fastener embedment depth to prevent steel failure

Figure 2.2.2.7.1 Test setup to avoid steel failure.

Assessment

Assessment to be done according to EAD 330499-01-0601 [2]. The reference tests for this test series are
done according to the requirements given in Table Al.1 line Al.
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The reduction factors a2 and az shall be assessed according to equations (2.14) and (2.15) in
EAD 330499-01-0601 [2]. These reductions will be applied for all sizes and embedment depths to the

contribution of performance Aasg; given by the bonding material as per equations (2.2.2.15.1) and
(2.2.2.15.2).

2.2.2.8 Minimum installation temperature (B4)

Purpose of the assessment

The test is required to check sufficient load bearing capacity at minimum installation temperature at long
curing. The minimum installation temperature is 0 °C if not requested by the manufacturer otherwise. Rcv, a1,
and cvs shall be established for use in equation (2.2.2.15.2).

Assessment method

Test conditions

The tests shall be done in confined setup in uncracked concrete C20/25 at minimum installation
temperature specified by the manufacturer.

The tests shall be carried out with the fastener size and embedment depth related to Aasmax, assessed in
accordance with 2.2.2.1.

The same setup of B2, B3 and reference R1 tests shall be used.

Drill and clean hole according to MPII then cool test member to the minimum installation temperature
specified by the manufacturer and the bonding material and embedded part to the lowest fastener
component installation temperature specified by the manufacturer. Install the fastener and maintain the
temperature of the test member at the lowest installation temperature for 24 h.

If the MPII does not specify otherwise, the concrete member, bonding material and concrete screw shall be
conditioned to the minimum installation temperature.

Carry out confined tension test at 24 h while maintaining the temperature of the test member in the area of
the embedded part at a distance of 1d from the concrete surface at the specified lowest installation
temperature +2 K.

Note The check that the requirement on the temperature in the test member is fulfilled shall be done
once and then the temperature shall be kept constant.

Number of tests: n 2 5 tests.
Assessment

The mean failure loads and the 5% fractile of failure loads, converted to the nominal concrete strength, in
tests at the minimum installation temperature and corresponding minimum curing time shall be at least
equal to the corresponding values in the reference test R1, at normal ambient temperature after long curing.

If the condition is not fulfilled, the minimum installation temperature shall be increased in order to fulfil the
requirement.

The comparison of the 5%-fractile may be omitted for any number of tests in a test series when the
coefficient of variation of the test series is smaller than or equal to the coefficient of variation of the reference
test series or if the coefficient of variation in both test series is smaller than 15 %.

Failure loads

e Determine the mean value of failure loads Num [KN], converted to the nominal concrete strength
according to clause A2.1.
e Determine the 5% fractile of the failure loads Ns« [KN], converted to the nominal concrete strength
according to clauses A2.1 and A2.3.
o Verify the coefficient of variation of failure loads. If the coefficient of variation exceeds 20%
(cvr > 20%), determine the reduction factor for large scatter Bcv according to clause A2.2.
Load displacement

e Determine the reduction factor a1 according to clause A2.5.
e Determine the displacements at 50% of the mean failure load 8o,5num [MM] in each test.
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e Determine the coefficient of variation of the displacements at 50% of the mean failure load cvs [%].
If the displacements at 50% of the failure load are larger than 0,4 mm, cvs shall not exceed 25%.
The minimum installation temperature shall be stated in the ETA.

2.2.2.9 Minimum curing time (B5)

Purpose of the assessment

In general, for concrete screws with bonding material, a certain curing time shall be observed before the
full combined pull-out and concrete resistance, as assessed in 2.2.2.15 of this document, is achieved. The
fastener is tested right after the curing time specified in the MPIl is reached. If no information is provided in
the MPII, the test is performed immediately after installing the concrete screw.

For a mortar with very short curing time -or in case of a low contribution to the overall performance given
by the bonding material-, it is possible that the criteria given in this test series are fulfilled immediately after
the fastener setting.

The test is required to check sufficient load bearing capacity after specified minimum curing time. Bcv, as,
and cvs shall be established for use in equation (2.2.2.15.2).

Assessment method

Test conditions

The tests shall be done in unconfined setup in uncracked concrete C20/25 at normal ambient temperature
of the concrete member at the corresponding minimum curing time specified by the manufacturer. The tests
shall be done also with the minimum installation temperature specified in the MPIl. The minimum installation
temperature is 0 °C if not requested by the manufacturer otherwise.

The tests shall be carried out with the fastener size and embedment depth related to Aasmax, assessed in
accordance with 2.2.2.1.

The tests for an assessment about the immediate loading shall be started as soon as possible after the
finalization of the concrete screw setting, and not more than 30 seconds after that. The ultimate load in the
tests shall be achieved between 1 and 1,5 minutes from the beginning of the tests, i.e., maximum time from
end of setting to ultimate load is 2 minutes.

Assessment

The mean failure loads and the 5% fractile of failure loads measured in tests at the normal ambient
temperature and corresponding minimum curing time shall be at least 0,9 times the values measured in
reference tests and basic tension tests according to Table Al.1 with a long curing time (24 h for resins,
14 days for cementitious mortars). The mean failure loads and the 5% fractile of failure loads measured in
tests at the minimum installation temperature and corresponding minimum curing time shall be at least
equal to the values measured in tests at normal ambient temperature and corresponding minimum curing
time. These requirements apply also for the tests at other installation temperatures and corresponding
minimum curing times. If the test is started within 30 seconds after setting, as specified above, and is
successful according to the given criteria, the fastener may be loaded immediately after setting, i.e., no
curing time or a curing time of 0 minutes may be given in the ETA.

If this condition is not fulfilled, then the minimum curing time for a given temperature shall be increased and
the corresponding tests shall be repeated.

The comparison of the 5%-fractile may be omitted for any number of tests in a test series when the
coefficient of variation of the test series is smaller than or equal to the coefficient of variation of the reference
test series or if the coefficient of variation in both test series is smaller than 15%.

Failure loads

e Determine the mean value of failure loads Num [kN], converted to the nominal concrete strength
according to clause A2.1.

e Determine the 5% fractile of the failure loads Ns% [KN], converted to the nominal concrete strength
according to clauses A2.1 and A2.3.

o Verify the coefficient of variation of failure loads. If the coefficient of variation exceeds 20%
(cvr > 20%), determine the reduction factor for large scatter Rcv according to clause A2.2.
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Load displacement

e Determine the reduction factor a1 according to clause A2.5.

e Determine the displacements at 50% of the mean failure load 8o,5nu,m [MM] in each test.

e Determine the coefficient of variation of the displacements at 50% of the mean failure load cv;s [%].
If the displacements at 50% of the failure load are larger than 0,4 mm, cvs shall not exceed 25%.

2.2.2.10 Sustained loads (R6, B14 and B15)

Purpose of the assessment

The tests are performed to check the creep behaviour of the loaded fastener at normal ambient temperature
(Test series B14) and at maximum long-term temperature (test series B15). Based on these tests for each
temperature range the factor y%%us accounting for the influence of sustained loads at maximum long-term
temperature on the bond strength is determined.

The test series at a given temperature may be omitted if, for the fastener size related to Aosmax, assessed
in accordance with 2.2.2.1, the following conditions are fulfilled:

e the used concrete screw is already assessed, with the same installation conditions (drilling and
cleaning method, drilling diameter, fastener size, embedment depth), in an ETA according to
EAD 330232-01-0601 [1], and
¢ the characteristic pull-out resistance of the concrete screw in uncracked concrete Nrkucr,cs as given
in the above-mentioned ETA is used as NOrkLt in equation (2.2.2.10.3).
aa, a1, apa and Bev shall be established for use in equation (2.2.2.15.2).

Assessment method

Test conditions

Tests conditions to be applied according to EAD 330499-01-0601 [2] with the following additions and
modifications.

The tests shall be carried out as confined tests in uncracked concrete C20/25 with the fastener size and
embedment depth related to Aasmax, assessed in accordance with 2.2.2.1.

This test series and the reference tests shall be done with a setup such to prevent steel failure, e.g., by
means of reducing the embedment depth. Nevertheless, the specified installation setup given in the MPII
shall be kept (in terms of cleaning, mixing and mortar amount). When reducing the embedment depth after
the initial setting, the deepest part of the fastener shall be tested. The tested portion shall be equal to or
larger than 30 mm considering only the part of the screw in the effective embedment depth assessed in
accordance with clause 2.2.3.

The same setup shall be used for each temperature range and reference tests.

The sustained load is applied to the fastener with the full embedment depth after installation, while for the
residual pull-out the embedment depth may be reduced as described above in order to avoid steel failure.

The permanent load Nsustcan be applied by, e.g., a hydraulic jack, springs or dead loads (e.g., applied via
a lever arm).

a) Tests at normal ambient temperature (test series R6, B14)

Install fasteners at normal ambient temperature (+ 21 °C £ 3 °C).

Load fastener to Nsust21 according to equation (2.2.2.10.1):

1,1 Nle.ucr,Zl . 1
15- Yinst 1- AO-lli‘,rnax + Aa‘B,max ’ (az T3t a4)

(2.2.2.10.1)

Nsust,z 1=

where

N rkucr21 = characteristic combined pull-out and concrete resistance in uncracked concrete for
normal ambient temperature.

Aasmax according to equation (2.2.2.1.1).
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Maintain the load at Nsust (Maximum variation: -5%) and maintain temperature at normal ambient
temperature and measure the displacements until they appear to have stabilised, but at least for three
months. Temperatures in the room may vary by = 3 °C due to day/night and seasonal effects but the
required temperature level of the test member shall be achieved as a mean over the test period. The
frequency of monitoring displacements shall be chosen so as to demonstrate the characteristics of the
fastener. As displacements are greatest in the early stages, the frequency shall be high initially and reduced
with time.

As an example, the following regime would be acceptable:
During first hour: every 10 minutes.

During next 6 hours: every hour.

During next 10 days: every day.

From then on: every 5-10 days.

To check the remaining load capacity after the sustained load test, unload the fastener and carry out a
confined tension test.

The results of the residual load capacity test shall be compared with the load capacity of reference test
series R6 at normal ambient temperature.

b) Test at maximum long-term temperature (test series B15)

These tests are not needed for temperature range T1, see 1.2.1 (-40 °C to +40 °C), because the effect of
the maximum long-term temperature (+24 °C) is tested under normal ambient temperature.

Install fasteners at normal ambient temperature.
Load fastener to Nsustmit according to equation (2.2.2.10.1).

1,1-N Rk,ucr,mlt 1

15 * Vinst 1- AaB,max + AafB,max ' (a3 Q)

(2.2.2.10.1)

Noustmie =

where

N'rkucrmit = characteristic combined pull-out and concrete resistance in uncracked concrete for
maximum long-term temperature,
Ao max = maximum Aas,i in the assessment of tests according to equation (2.2.2.1.1)
Raise the temperature of the test member to reach the maximum long-term temperature at a rate of 5 K
per hour in the concrete in the area of the anchorage.

Maintain the load at Nsust (maximum variation: -5 %) and maintain the temperature at the maximum long-
term temperature. For the duration of the tests, the allowed variation of the temperature of the test chamber
and the frequency of monitoring displacements 2.2.2.10.1 a) applies.

To check the remaining load capacity after the sustained load test, unload the fastener and carry out a
confined tension test at the maximum long-term temperature.

The results of the residual load capacity test shall be compared with the load capacity of reference test
series R6 at maximum long-term temperature.

Assessment
2.2.2.10.1 Displacements in sustained load tests
Assessment to be conducted according to EAD 330499-01-0601 [2], clause 2.2.2.6.

2.2.2.10.2 Residual capacity at normal ambient temperature and maximum long-term temperature

Assessment to be conducted according to EAD 330499-01-0601 [2], clause 2.2.2.6. The reference tests
for this test series are done according to the requirements given in Table Al.1 line Al.

The reduction factor aa shall be assessed as o according to clause 2.2.2.6.2 in EAD 330499-01-0601 [2].
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Use this reduction factor with rqd.aa = 0,90 to the contribution of performance Aas, given by the bonding
material in equations (2.2.2.15.1) and (2.2.2.15.2).

2.2.2.10.3 Load displacement behaviour in the residual load tests at normal ambient temperature
and maximum long-term temperature

Assessment to be conducted according to EAD 330499-01-0601 [2], clause 2.2.2.6.
2.2.2.10.4 Factor y%us for combined pull-out and concrete failure

The factor y%us accounting for the influence of sustained tension load on the resistance for combined
pull-out and concrete failure is assessed for working life of 50 years based on test series B14 (2.2.2.10.2)
and B15 (2.2.2.10.3). The factor yOus shall be determined for every temperature range requested by the
manufacturer according to 1.2.1 for the maximum long-term temperature. Please note that normal ambient
temperature corresponds to maximum long-term temperature of temperature range T1.

If the displacement criteria for the extrapolated displacements (2.2.2.10.1) and residual load test
requirements (2.2.2.10.2 and 2.2.2.10.3) are fulfilled, determine the factor yus with the applied constant
tension load normalized to C20/25 using equation (2.2.2.10.2) to (2.2.2.10.4). The conversion of failure
loads to the nominal concrete strength shall be done according to clause A2.1.

The basic characteristic long-term bond resistance is assumed to be equal to the tension load applied in
the sustained load tests (survival value), which meet the criteria.

. 20N
Nikrr = Noust - min (1;555) (2.2.2.10.2)

where
Ny, = basic characteristic long-term bond resistance at maximum long-term temperature.

Nsus = sustained load applied in sustained load tests at maximum long-term temperature, which meet the
criteria, normalized to C20/25 concrete strength (according to clause A2.1).

aa = reduction factor as determined in clause 2.2.2.10.2 for the corresponding test series B14 or B15.

The characteristic long-term pull-out resistance is determined accounting for the relevant (reduction) factors
as follows:

NrkLt = Nlgk,LT (1 = Adgmax + A0p max " &3 * 4 Kgys) - minfey (2.2.2.10.3)
where

Nrrkr = characteristic long-term bond resistance (LT) at maximum long-term temperature for the
corresponding temperature range.

Aas max according to clause 2.2.2.1, equation (2.2.2.1.2).

a3 = reduction factor according to clause 2.2.2.7.

o4 = reduction factor according to equation (2.2.2.13.1).

ksus = 1,135.

min Bcv = minimum of reduction factors Bcvaccording to clause A2.2, equation (A2.2.2).

The factor y%%us, accounting for the influence of sustained tension load on the characteristic resistance for
combined pull-out and concrete failure, is then determined as given in equation (2.2.2.10.4).

N RK,LT

Ps = 1,15 < 1,0 (2.2.2.10.4)

N,Rk,p,ucr
where
yOus = reduction factor of long-term characteristic resistance at maximum long-term temperature.

N’rk,pucr = characteristic value of short-term resistance at maximum long-term temperature, for uncracked
concrete.
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Note The factor ksus takes account of beneficial effects under long-term loading.

Note The factor 1,15 = 1,5/1,3 = yclyeLT LT in equation (2.2.2.10.4) accounts for the following reduction:
the pull-out resistance is determined at the end of the provided service life. Therefore, based on the
terminology expressed in EN 1990 [7] the partial factor can be determined assuming a reduced reliability
index B = 3,2 with ycLr= 1,3 compared to the normal value for RC 2, 50 years of service life, B = 3,8 with
ve = 1,5.

2.2.2.11 Freezel/thaw conditions (R7 and B16)

Purpose of the assessment

These tests are performed to determine the performance of the fastener under freeze/thaw conditions
simulating varying life conditions. The purpose of the test series is to assess o, a1, ap,a and Bey for use in
equations (2.2.2.15.1) and (2.2.2.15.2).

The test may be omitted if the fastener is intended to be used in dry internal conditions only.

The test series may be omitted if, for the fastener size related to Aosmax, assessed in accordance
with2.2.2.1, the following conditions are fulfilled:

e the used concrete screw is already assessed according to EAD 330232-01-0601 [1], with the same
installation conditions (drilling and cleaning method, drilling diameter, fastener size, embedment
depth), and

e the characteristic pull-out resistance of the concrete screw in uncracked concrete for C50/60
Nrkucrcs,6o derived from the above-mentioned ETA is larger than the Nsust given in equation
(2.2.2.11.1).

Assessment method

Test conditions

The tests shall be carried out as confined tests in uncracked freeze-thaw resistant concrete C50/60 in
accordance with EN 206 [3]. As test member a cube with side length of 180 mm to 300 mm (15d to 25d) or
a steel encased concrete cylinder shall be used and splitting of concrete shall be prevented.

The tests are performed with the fastener size and embedment depth related to Aosmax, assessed in
accordance with 2.2.2.1.

This test series and the reference tests shall be done with a setup such to prevent steel failure, e.g., by
means of reducing the embedment depth. Nevertheless, the specified installation setup given in the MPII
shall be kept (in terms of cleaning, mixing and mortar amount). When reducing the embedment depth after
the initial setting, the deepest part of the fastener shall be tested. The tested portion shall be equal to or
larger than 30 mm considering only the part of the screw in the effective embedment assessed in
accordance with clause 2.2.3.

The same setup shall be used for the reference tests.

Cover the top surface of the test member (i.e., the surface where the fastener is installed) with tap water to
a depth of at least 12 mm, other exposed surfaces shall be sealed to prevent evaporation of water.

Load fastener to Nsustaccording to equation (2.2.2.11.1).

N,Rkucr60
N = — 222111
sust 1’5 1,4 - Yinst ( )

where
N’rk,ucr,60 IS the combined pull-out and concrete characteristic resistance for uncracked concrete C50/60.
Carry out 50 freeze/thaw cycles as follows:

- Raise temperature of chamber to (+20 £ 2) °C within 1 hour, maintain chamber temperature at
(+20 % 2) °C for 7 hours (total of 8 hours).

- Lower temperature of chamber to (-20 = 2) °C within 2 hours, maintain chamber temperature at
(20 £ 2) °C for 14 hours (total of 16 hours).
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If the test is interrupted, the samples shall always be stored at a temperature of - 20 £ 2 °C between the
cycles.

The displacements shall be measured during the temperature cycles.

After completion of 50 freeze/thaw cycles as defined above a confined tension test shall be carried out at
normal ambient temperature.

Assessment

The rate of displacement increase shall reduce with increasing number of freeze/thaw cycles to a value
almost equal to zero. If the test criteria are not fulfilled, the test may be repeated with a reduced load Nsust,red.
In this case calculate the reduction factor op,a.

Failure loads

e Determine the mean value of failure loads Num [KN], converted to the nominal concrete strength
according to clause A2.1.

e Determine the 5% fractile of the failure loads Ns% [kN], converted to the nominal concrete strength
according to clauses A2.1 and A2.3.

o Verify the coefficient of variation of failure loads. If the coefficient of variation exceeds 20%
(cvr > 20%), determine the reduction factor for large scatter Rcv according to clause A2.2.

e Determine the reduction factor aa according to clause A2.4 comparing the test results with
reference test series according to Table Al.1, line R7 having the same curing time.

e Use the reduction factor aa together with rqd. as = 0,9 in equation (2.2.2.15.2).

Load displacement behaviour

e Determine the reduction factor a1 according to clause A2.5.

o Determine the displacements at 50% of the mean failure load do,snum [MmM] in each test.

e Determine the coefficient of variation of the displacements at 50% of the mean failure load cvs [%].
If the displacements at 50% of the failure load are larger than 0,4 mm, cvs shall not exceed 40%.

2.2.2.12 Installation directions (B17)

Purpose of the assessment

The tests are performed to check the performance under unfavourable installation directions. The test
series may be omitted for downward installation only (D1). a, a1 and 3¢y shall be established for use in
equation (2.2.2.15.1).

Assessment method

EAD 330499-01-0601 [2], clause 2.2.2.8, applies with the following modification.

The tests shall be done in unconfined setup. Therefore, the reference test to consider for the assessment
is the test series Al from Table Al.1.

2.2.2.13 Sensitivity to sulphurous atmosphere and high alkalinity (R8, B18 and B19)

Purpose of the assessment

These tests are performed to determine the performance of the fastener under sulphurous atmosphere and
high alkalinity a4 shall be established for use in equation (2.2.2.15.2).

Assessment method

Test specimen

The tests shall be performed on the actual system consisting of the concrete screw with bonding material,
following the requirements below. For injection systems, tests performed with threaded rods and the factor
o assessed according to EAD 330499-01-0601 [2] may be used as alternative. The durability reduction
factor o.a may be directly applied to equation (2.2.2.15.2).

The tests shall be carried out with the fastener size and embedment depth related to Aasmax, assessed in
accordance with 2.2.2.1.
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Note According to the scope the smallest fastener size that may be tested has diameter 6 with nominal
embedment depth of 40 mm. In similar cases the slice thickness may be reduced at most to 3-do in order
to allow the discard of the installed fastener for at least 10 mm from the concrete surface.

The concrete compressive strength class shall be C20/25. The diameter or side length of the concrete
specimen shall be equal to or exceed 150 mm. The test specimen may be manufactured from cubes or
cylinders or may be cut from a larger slab. They can be cast; it is also allowed to diamond core concrete
cylinders from slabs.

One fastener shall be installed per cylinder or cube on the central axis in dry concrete according to the
MPII. After curing of the bonding material according to the MPII the concrete cylinders or cubes are carefully
sawn into 30 mm thick slices with a diamond saw. The top slice shall be discarded when possible.

To gain sufficient information from the slice tests, at least 30 slices are necessary (10 slices for every
environmental exposure test and 10 slices for the comparison tests under normal climate conditions).

Storage of the test specimen under environmental exposure

The slices with the fastener samples are subjected to water with high alkalinity and condensed water with
sulphurous atmosphere. For comparison tests slices stored under normal climate conditions (dry / +21 °C
+ 3 °C / relative humidity 50 * 5%) for 2000 hours are necessary.

As a consequence of the assumed non-homogeneous load bearing capacity for concrete screws with
mortar, a given segment of the screw shall be only assessed together with the same portion of the other
tested samples and compared to the same portion of the reference fastener samples stored in normal
climate conditions. See the example below of two slices sawn per fastener.

[ [

-
N

discard discard

B = 30mm B =30mm
A=30mm A =30mm
Figure 2.2.2.13.1 Example for cutting fastener samples into slices of 30 mm.

High alkalinity (test series B18)

The slices are stored under standard climate conditions in a container filled with an alkaline fluid
(pH = 13,2). All slices shall be completely covered for 2000 hours. The alkaline fluid is produced by mixing
water with KOH (potassium hydroxide) powder or tablets until the pH-value of 13,2 is reached. The alkalinity
of pH = 13,2 shall be kept as stable as possible during the storage and not fall below a value of 13,0.
Therefore the pH-value shall be checked and monitored in regular intervals (at least daily). The producing
of alkaline fluid by mixing water with KOH (potassium hydroxide) powder or tablets could be given as an
example. If other materials are used, then it shall be shown that same results and comparable assessment
are achieved.

Sulphurous atmosphere (test series B19)
The tests may be omitted if the fastener is intended to be used only in internal environmental conditions.

The tests in sulphurous atmosphere shall be performed according to EN I1ISO 6988 [8]. The slices are put
into the test chamber, however in contrast to EN ISO 6988 [8] the theoretical sulphurous dioxide
concentration shall be 0,67% at the beginning of a cycle. This theoretical sulphur dioxide concentration
corresponds to 2 dm3 of SO2 for a test chamber volume of 300 dm3. At least 80 cycles shall be carried out.
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Slice tests

After removal from storage the thickness of the slices is measured, and the metal segment of the concrete
screws are pushed out of the slice in direction from the tip to the screw head, the slice is placed centrally
to the hole of the confinement steel rig plate. If slices are unreinforced then splitting may be prevented by
external confinement. Care shall be taken to ensure that the loading punch acts centrally on the fastener
rod.

The results of at least 10 tests shall be taken for every environmental exposure and for comparison. Results
with splitting failure shall be ignored.

Reference test series (test series R8)

The reference test series R8 shall be performed under the same test conditions but the fasteners shall be
stored under normal ambient conditions.

Assessment

A possible adverse effect of alkalinity or sulphurous atmosphere on the load bearing capacity of the fastener
is taken into account by a reduction factor as < 1,0 which will be used in equation (2.2.2.15.2).

The push-through ultimate mean resistance (for the length of 30 mm) of the slices stored in an alkaline
liquid shall be compared to the tests on slices stored under normal conditions. For slices stored in
sulphurous atmosphere at least 90% of the ultimate mean resistance shall be compared to the tests on
slices under normal conditions according to equation (2.2.2.13.1).

N N
a4=min<1,0; wm b1, __umB19 ) (2.2.2.13.1)

Nu,m,r ' 0,90 - Nu,m,r
The reference resistance Num, is obtained in the test series Table Al.1, line R8.

The ultimate mean resistance in one slice shall be normalized to 30 mm of slice height with the following
relation.

30
Nrum = Nrumtest * (h—) (2.2.2.13.2)
S

2.2.2.14 Installation at freezing conditions (B20)

Purpose of the assessment

The tests are performed to check the performance of the fastener when installed and cured under freezing
conditions to establish the minimum installation temperature according to test series B20 together with the
corresponding curing time (test series B4).

The tests may be omitted if the MPII specify installation in concrete with a minimum installation temperature
20 °C.

The test series may be omitted if, for the fastener size related to Aosmax, assessed in accordance
with2.2.2.1, the following conditions are fulfilled:

e the used concrete screw is already assessed, with the same installation conditions (drilling and
cleaning method, drilling diameter, fastener size, embedment depth), in an ETA according to
EAD 330232-01-0601 [1], and

e the characteristic pull-out resistance for the concrete screw in uncracked concrete Nrkucr,cs is equal
or larger than the sustained load to apply in the tests, calculated in accordance with equation
(2.2.2.10.1).

Assessment method

Test conditions

Tests conditions to be applied according to EAD 330499-01-0601 [2], clause 2.2.2.13, with the following
modifications.

The tests shall be carried out as confined tests in uncracked concrete C20/25 with the fastener size and
embedment depth related to Aas max, assessed in accordance with 2.2.2.1.
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This test series and the reference tests shall be done with a setup such to prevent steel failure, e.g., by
means of reducing the embedment depth. Nevertheless, the specified installation setup given in the MPII
shall be kept (in terms of cleaning, mixing and mortar amount). When reducing the embedment depth after
the initial setting, the deepest part of the fastener shall be tested. The tested portion shall be equal to or
larger than 30 mm considering only the part of the screw in the effective embedment depth assessed in
accordance with clause 2.2.3.

The same setup shall be used for the reference tests.
Assessment

EAD 330499-01-0601 [2] applies. Perform the pull-out test after sustained load with unconfined test set-up
and use test series R6 c) of Table Al.1 as reference tests.

2.2.2.15 Characteristic resistance to combined pull-out and concrete failure

Purpose of the assessment

Determination of characteristic resistance to combined pull-out and concrete failure

Assessment method

The initial value Nrko is taken as the 5% fractile of failure loads in the reference tension test series for
uncracked concrete according to Table Al.1, lines A1l and A2, and for cracked concrete lines A3 and A4.
The characteristic tension resistance is assessed according to equation (2.2.2.15.1) for each concrete
condition, namely uncracked and cracked, and for each temperature range the manufacturer applies.

The characteristic tension resistance shall be reduced if certain requirements are not met as described in
the following:

- oua reduction factor for load/displacement behaviour, tension loading (A2.5).

- ap reduction factor for crack cycling, repeated load tests (2.2.2.4, 2.2.2.5).

- o reduction factor for residual ultimate load in all tests with a required a (2.2.2.2 to 2.2.2.14).

- Bev reduction factor for scatter of failure loads in all tests (2.2.2.1 to 2.2.2.14).

- oz and as reduction factor for increased in-service temperature, according to the relevant
temperature range (2.2.2.7).

- a4 reduction factor for durability (2.2.2.13).

- op from sustained load tests, freeze/thaw tests (2.2.2.11).

- oa reduction factor for residual ultimate load from bonding contribution tests (2.2.2.7 to 2.2.2.14).

N'Rkp = NRio - min (min op; min ay; min( )) ‘min B, - ag (2.2.2.15.1)

rqd. a

where

w ))> (2.2.2.15.2)

ag = ((1 - AaB‘i) + Aag; - a, * o3 0y " Min a, 4 - min (1; min (req o

where
Aag; calculated for the respective fastener size and embedment depth in uncracked and cracked
concrete according to equation (2.2.2.1.1)
Note the reductions from the sensitivity tests for bonding material (a2, a3, as, @, a1, aa) are assessed at
least on the size and embedment leading to Aagsmax, iN accordance with 2.2.2.1. These reductions are then
applied to the different values of Aas; representative of each relevant size and embedment in uncracked or
cracked concrete condition.

The characteristic resistance N'rkp shall be rounded down accounting for increments as given in
Table 2.2.2.15.1.
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Table 2.2.2.15.1 Values of characteristic resistance N'grkp
Range of N'rkp [KN] Increment [KN] Example
<10 0,5 3,0/35/4,0...95/10,0
<20 1,0 11,0/12,0 ... 19,0/ 20,0
<50 2,0 22,0/24,0 ... 48,0/50,0
> 50 5,0 55,0/60,0/65,0 ...

The characteristic resistance of a fastener in case of pull-out failure in concrete of strength > C20/25 is
determined by multiplying the characteristic value for concrete C20/25 by a factor yc according to clause
A2.1.

Expression of the results

Resistance to combined pull-out and concrete failure N rk,p [KN],
Increasing factor for concrete strength e [-] as determined in clause 2.2.2.1.

Factor for the influence of sustained load y%us [-] as determined in clause 2.2.2.10.4.

2.2.3 Resistance to concrete cone failure

2.2.3.1 Resistance to concrete cone failure

Purpose of the assessment

Determination of the characteristic resistance to concrete cone failure.

Assessment method

The determination of the characteristic resistance to concrete cone failure based on compressive cylinder
strength of concrete according to EN 1992-4 [6] 7.2.1.4 requires the factors kuer,n and kern. The following
factors and characteristic edge distance can be taken without further testing.

kucr,N = 11,0
kcr,N = 7,7
CerN = 1,5 het

her = effective embedment depth may be calculated according to the current experience for concrete screws
as hefcs, (as described in EAD 330232-01-0601 [1], Figure 1.14) reported here in equation (2.2.3.1.1), or
may be assessed according to clause 2.2.3.2.

heres = 0,85 (hyem — 0,5h, — hy) < 8d, (223.1.1)
with ht = pitch of the thread of a concrete screw and hs = non-load bearing tip of a concrete screw, if relevant.

2.2.3.2 Effective embedment depth (test series A5)

The purpose of the assessment is to prove an effective embedment depth equal to the nominal embedment
depth of the bonded screw fastener, excluding any screw tip without thread (het = hnom - hs).

This test series is performed to check whether a group of 4 fasteners shows a concrete cone resistance
larger than the default value, i.e., the concrete cone capacity for a group of anchors calculated in
accordance with EN 1992-4 [6] 7.2.1.4 using her as defined according to equation (2.2.3.1.1).
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Assessment method

Test conditions

These tests shall be performed in uncracked concrete with concrete classes C20/25 and C50/60. The drill
bit diameter dcut,med Shall be used in the tests. Test all sizes.

The distance between the support of the testing rig and each fastener in the group shall be larger than
2-(hnom - hs). Therefore, in case of a circular support ring of the testing rig, the internal diameter shall fulfil
the requirement given in equation (2.2.3.2.1).

22321
dsupport =4 (hyem — hy) + S1.2 \/E ( )

The bonded screw fasteners shall be installed at the given nominal embedment depth hnom as a quadruple
group with equal spacings s1 = s2 = max (0,5:(hnom - hs); Smin). The tension test until failure shall be carried
out as unconfined test setup in accordance with Annex A. At least a total of 10 tests with quadruple fastener
groups shall be performed with a minimum of 5 tests for each concrete class.

Assessment

The tests performed in C20/25 and C50/60 shall be assessed jointly, converting the failure loads to a
nominal compressive strength of the concrete f. = 20 MPa according to equation (A2.1.1).

e Determine the mean failure load Numas20 Of the quadruple fasteners group in the test series.
Determine the theoretical concrete cone capacity Num.,r according to equation (2.2.3.2.3) with the
effective embedment depth h%t taken in accordance with equation (2.2.3.2.2).

hY = hpom —hy (2.2.3.2.2)
3+ (h) + s\’
Num,cr = (%) 14,6 -20 - (h%) " (2.2.3.2.3)
3 (hef)

¢ Forthe assessment the mean failure load in the test series and the theoretical mean concrete cone
capacity shall be compared. If a level of resistance equal to or larger than 90% of the default value
is achieved as shown in equation (2.2.3.2.4), an effective embedment depth equal to hnom - hs is
confirmed.

Nu,m]ASyZO 2 0;90 ) Num_c_r (22324)

e If the criteria above are not fulfilled, the factor anet may be derived in accordance to equation
(2.2.3.2.6) and intermediate values of effective embedment depth may be assessed following the
equation (2.2.3.2.5).

o Verify the coefficient of variation of failure loads. If the coefficient of variation exceeds 15%, the
effective embedment depth according to equation (2.2.3.1.1) shall be taken.

hef = max (ahef - hnom; hef,cs) (22325)

Upop = MMAS20. 4 L with 0,85 < aper < 1

Num,cr-0,9 (2.2.3.2.6)
where
s 2.2.3.2.7)
a=0,67+0,38"- (
(hnom - hs)
s 2.2.3.2.8)
b=033-038—— (
(hnom - hs)
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If steel failure occurs during the group test, the test results shall be converted from the tensile strength of
the used samples to the specified tensile strength of the screws according to clause A2.1. The converted
results may be used for the assessment in this clause.

Expression of the results

Factor for resistance to concrete cone failure in cracked and uncracked concrete Kern, Kuern [].
Effective embedment depth het [mm].
Characteristic edge distance to tension load ccr,n [Mm].

2.2.4 Robustness

Purpose of the assessment

Assessment of the influence of reduced cleaning effort. This effect is assessed in test series F9, F10, H1
to H4. The final factor yinst is assessed in clause 2.2.4.7.

Assessment method

2.2.4.1 Robustness to variation in use conditions (test series F9)

EAD 330232-01-0601 [1], clause 2.2.4.1, applies. Reference of this test is the test line A3 of Table A1.1.
2.2.4.2 Robustness to contact with reinforcement (test series F10)

EAD 330232-01-0601 [1], clause 2.2.4.2, applies. Reference of this test is the test line A3 of Table Al.1.
2.2.4.3 Robustness in dry concrete, reduced cleaning (test series H1)

EAD 330499-01-0601 [2], clause 2.2.5.2, applies. The tests shall be carried out as unconfined tension tests.
Reference of this test is the test line Al of Table A1.1.

2.2.4.4 Robustness to deeper drilling depth, reduced interaction with mortar (test series H2)

These tests are performed to determine the sensitivity of the performance to foreseeable and unavoidable
variations in the installation process, in particular with regards to the variation of drilling depth. The intent
of this test line is to check whether the bonding material is mixed properly in the drill hole and that the
amount of mortar in the nominal embedment depth of the screw is sufficient to deliver the assessed
performance.

The test requirements below are relevant for systems with a defined mortar volume or, in any case, with
the mixing of the mortar components occurring by means of the setting of the concrete screw, e.g., given
amount of trigger pulls for injection in MPII.

For injection systems, if a mortar volume is not given in MPII the tests shall be done with 3 trigger pulls,
that is considered to be a minimum amount.

For injection systems, if the mortar volume given in the MPII is sufficient to cover the additional drilling
depth according to equation (2.2.4.4.1), then this test may be omitted.

If the use of a suitable mean (e.g., stop drill bit) to avoid a foreseeable variation in the drilling depth during
jobsite operations is enforced by the MPII, this test may be omitted.

Test conditions
The tests shall be carried out as unconfined tension tests in uncracked concrete C20/25.

Based on the drilling depth recommendation given in the MPII, these tests are performed with a drilling
depth increased by an additional drilling length as the maximum value between 10% of the given drilling
depth h1 and 10 mm.

hyp, = h; + {max (0,1 - h;; 10 mm)} + Ah, (2.2.4.4.1)

The term Ahi in the equation (2.2.4.4.1) represents a possible range of variation for the drilling depth h:
allowed by the MPII, e.g., also considering the various combinations of actual fixture thicknesses tsix (in the
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case of through setting). The value of Ah: shall be taken equal to 15 mm only if a defined drilling depth is
not given in the MPII. Otherwise, this term can be neglected.

If cleaning of the drill hole before setting is not required by the MPII, the tests shall be performed in the
most unfavourable conditions, i.e., with the drilling depth hi for the non-cleaned drill hole as given in the
MPII, and considering the variation of the amount of dust in the drill hole.

Assessment
Failure loads

e Determine the mean value of failure loads Num [KN] converted to the nominal concrete strength.

e Determine the 5% fractile of the failure loads Nus« [KN] converted to the nominal concrete strength.

e Verify the coefficient of variation of failure loads. If the coefficient of variation exceeds 20%
(cvre > 20%), determine the reduction factor for large scatter fcv according to clause A2.2.

e Determine the reduction factors o according to Annex A. Test series Al is used as corresponding
reference test series.

e Determine the factor to account for the sensitivity to installation according to Table 2.2.4.7.1.
Depending on which level of rqd. a the factor a fulfils the corresponding value of yinst is taken.

e Compare the factor yinst With the result of the test series F9, F10, H1, H3, H4. The larger value
governs.

e If a < 0,70 use the reduction factor o together with rqd. o = 0,70 in equation (2.2.2.15.1) and
Yinst = 1,4.

Load displacement behaviour:

e Verify the criteria for uncontrolled slip and determine the load Nsi [KN] according to clause A2.5.
e Determine the mean value of the failure loads Num [KN] of the test series.
e Determine the displacements at 50% of the mean failure load 8o,5num [MM] in each test.
e Determine the coefficient of variation of the displacements at 50% of the mean failure load cvs [%].
If the displacements at 50% of the failure load are larger than 0,4 mm, cvs shall not exceed 40%.
2.2.4.5 Robustness in water saturated concrete, reduced cleaning (test series H3)

EAD 330499-01-0601 [2], clause 2.2.5.3, applies. The tests shall be carried out as unconfined tension tests.
Reference of this test is the test line Al of Table A1.1.

2.2.4.6 Robustness in water filled holes (clean water), reduced cleaning (test series H4)

EAD 330499-01-0601 [2], clause 2.2.5.4, applies. The tests shall be carried out as unconfined tension tests.
Reference of this test is the test line Al of Table A1.1.

2.2.4.7 Assessment of the factor for sensitivity to installation

The factor yinst accounting for the sensitivity to installation is evaluated from the test results of the tests for
robustness, i.e., test series F9, F10, H1 to H4.

For each test series F9, F10, H1 to H4 as applied by the manufacturer the factor yinst shall be determined
according to Table 2.2.4.7.1 by comparing the factor o with the value of rqd. o for the specific test. The
largest resulting factor yinst applies.

Table 2.2.4.7.1 Values of required a in the sensitivity to robustness tests

Factor yinst rqd. o for tests according to Table A1.1
lines F9, H1, H2 lines F10 lines H3, H4
1,0 > 0,95 >0,85 >0,90
1,2 >0,80 =0,70 20,75
1,4 >0,70 > 0,60 > 0,65
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Expression of the results

Factor for robustness vinst [-].

2.2.5 Minimum edge distance and spacing, minimum concrete member thickness (test series
F11)

Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.5, for concrete screws applies.

Note The installation steps for the two fasteners in the test series shall be done in accordance with the
MPII, e.g., in terms of working time and setting procedure.

Expression of the results

Minimum edge distance cmin [mm].
Minimum spacing Smin [mm].

Minimum concrete member thickness hmin [mm].

2.2.6 Characteristic resistance to concrete splitting under tension load, edge distance to
prevent splitting under load (test series F12)

Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.6, applies. Reference of this test is the test line Al of Table A1.1.

Expression of the results

Characteristic resistance to concrete splitting under tension load N9k sp [KN]

Edge distance to prevent splitting under load ccrsp [Mm]

2.2.7 Resistance to steel failure under shear load, Characteristic bending moment and ductility
factor

2.2.7.1 Single fastener (test series V1)
Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.7.1, applies.

Tests may be omitted if the performance assessed from testing on the concrete screw without mortar is
taken.

Expression of the results

Resistance to steel failure under shear load VOks [KN],
Characteristic bending moment M%%xs [Nm],

2.2.7.2 Group of fasteners and k7 factor (test series V3)

Purpose of the assessment and Assessment method

EAD 330232-01-0601 [1], clause 2.2.7.2, applies.

The factor k7 may be determined by testing the concrete screw without mortar.

Expression of the results

Ductility factor k7 [-].
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2.2.8 Resistance to tension load for seismic performance category C1

Purpose of the assessment and Assessment method

EAD 330232-01-0601 [1], clause 2.2.12, applies.

Expression of the results

Resistance to steel failure Nrks,c1, [KN].
Resistance to combined pull-out and concrete failure Nrkp,c1 [KN].
2.2.9 Resistance to tension load for seismic performance category C2, displacements

Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.13, applies.

Expression of the results

Resistance to steel failure Nrk;s,c2 [KN].
Resistance to combined pull-out and concrete failure Nrkp,c2 [KN].

Displacements 6n,c2 [mm].

2.2.10 Resistance to shear load for seismic performance category C1

Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.14, applies.

Expression of the results

Resistance to steel failure Vrsc1, [kN].

2.2.11 Resistance to shear load for seismic performance category C2, displacements

Purpose of the assessment and Assessment method

EAD 330232-01-0601 [1], clause 2.2.15, applies.

Expression of the results

Resistance to steel failure Vrks,c2 [KN].

Displacements 8v,c2 [mm].

2.2.12 Resistance to shear load under seismic action - Factor for annular gap

Purpose of the assessment and Assessment method

EAD 330232-01-0601 [1], clause 2.2.16, applies.

Expression of the results

Factor for annular gap ogap [-].

2.2.13 Reaction to fire

The bonded screw fasteners are considered to satisfy the requirements for performance class Al of the
characteristic reaction to fire in accordance with the Commission Decision 96/603/EC, as amended by
Commission Decisions 2000/605/EC and 2003/424/EC, without the need for testing on the basis of it
fulfilling the conditions set out in that Decision and its intended use being covered by that Decision.
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Therefore, the performance of the product is Class Al.

The injection mortar is considered as a small component embedded in the concrete. In the end use of the
application the reaction to fire class of the concrete is not influenced. Separate testing and classification
are not necessary.

2.2.14 Fire resistance to steel failure (tension load)

Purpose of the assessment and assessment method
EAD 330232-01-0601 [1], clause 2.2.18, applies.

The tests may be omitted if the concrete screw without mortar has been already assessed with the criteria
given in EAD 330232-01-0601 [1] and it is demonstrated that the mortar has no negative influence on the
overall anchor performance under fire. In this case the performance of the concrete screw without mortar
shall be taken.

Note This requirement may be achieved, e.g., with spot tests at given loads or laboratory testing on raw
material.

Expression of the results

Fire resistance to steel failure (tension load) Nrks.fi [KN].

2.2.15 Fireresistance to combined pull-out and concrete failure (tension load)

Purpose of the assessment and assessment method
EAD 330232-01-0601 [1], clause 2.2.18, applies.

In case that, according to EAD 330232-01-0601 [1], tests for concrete screws without mortar are omitted
and values are calculated based on EN 1992-4 [6], Annex D.4.2.3, only the pull-out resistance of the
concrete screw without bonding material may be taken for resistance to the combined pull-out and concrete
failure of the bonded screw fastener, considering the relevant installation procedure.

Expression of the results

Fire resistance to combined pull-out and concrete failure (tension load) N'rk,p,i [KN].

2.2.16 Fireresistance to steel failure (shear load)

Purpose of the assessment and assessment method

EAD 330232-01-0601 [1], clause 2.2.19, applies.

Expression of the results

Fire resistance to steel failure (shear load) Vrksfi [KN], MOrks,i [Nm].
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3 ASSESSMENT AND VERIFICATION OF CONSTANCY OF PERFORMANCE
3.1 System(s) of assessment and verification of constancy of performance to be
applied

For the products covered by this EAD the applicable European legal act is Commission Decision
96/582/EC.

The system is 1.
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3.2 Tasks of the manufacturer

The cornerstones of the actions to be undertaken by the manufacturer of the bonded screw fasteners in
the procedure of assessment and verification of constancy of performance are laid down in Table 3.2.1.

Table 3.2.1 Control plan for the manufacturer; cornerstones

_ Criteria Minimum Minimum
No Subject/type of control Test or control method if any " | number of | frequency of
samples control
Factory production control (FPC)
[including testing of samples taken at the factory in accordance with a prescribed test plan]*
Metal Parts ™
Dimensions (outer diameter, inner .
1 diameter, thread length, etc.) Calliper and/or gauge 3
. . . EN ISO 6892-1 [9], EN ISO 898-1 [10],
2 | Tensile Load or tensile strength *) EN ISO 3506-1 [11] 3
. N EN ISO 6892-1 [9], EN ISO 898-1 [10],
3 | Yield strength *) EN ISO 3506-1 [11] 3
Core hardness and Surface
4 hardness (at specified functioning | Tests according to EN ISO 6507-1 [12] 3 Every
relevant points of the product) — or EN ISO 6508-1 [13] manufacturi
where relevant ng batch or
profile method: EN ISO 12085 [14] Laid 100.000
Roughness of cone - where Software measurement standards: down in elements or
5 relevant EN ISO 5436-1 [16] control 3 when raw
calibration: EN 1SO 12179 [15] plan material
EN ISO 1302 [17] batch has
X-ray measurement been
according EN ISO 3497 [18], magnetic changed **)
6 | Zinc plating - where relevant method according EN ISO 2178 [19], 3
Phase-sensitive eddy-current method
according EN ISO 21968 [20]
7 Fracture elongation - where EN ISO 6892-1 [9] 3
relevant EN I1SO 898-1 [10]
8 Hard metal tip of fastener made of | Check of material, geometry, position 3
stainless steel - where relevant and fixing to stainless steel
Bonding material
1 | Batch number and expiry date visual check
5 check material and the mass of each batch
Components X .
components according to recipe
3 | Specific gravity / Density Every shift
or 8 hours
4 | Viscosity of
. . production
it:r?gf?agﬁg: method proposed by the :g:sn . 1 per machine
Reactivity (gel time, where trol
5 relevant: max. reaction c?n ro Each batch
temperature, time to max reaction pian ach batc
temperature)
initial testing
. . . . and each
6 | Properties of raw material (e.g., by infrared analysis) change of
batch
7 Performance of the cured bonding | (e.g., tension test to failure) *** 3 1 batch /
material year
*) Tests according to this standard, however are, if necessary, performed on the finished product with the corresponding
adaptations agreed with the TAB (e.g., geometrical aspects).
**) The lower control interval is decisive.
*Hk) For injection bonding material that is part of a system assessed with an ETA according EAD 330499-01-0601 [2], this

control may be replaced by confined tests with threaded rods. Otherwise, tests shall be done with the concrete screw, e.g.,
test line R1 of the present EAD.
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3.3 Tasks of the notified body

The cornerstones of the actions to be undertaken by the notified body of the bonded screw fasteners in the
procedure of assessment and verification of constancy of performance for mechanical fasteners are laid
down in Table 3.3.1.

36/46

Table 3.3.1 Control plan for the notified body; cornerstones
No Subject/type of control Criteria, | Minimum Minimum
Test or control method ifany | number of | frequency of
samples control

Initial inspection of the manufacturing plant and of factory production control

The Notified Body will ascertain that
the factory production control with
the staff and equipment are suitable
to ensure a continuous and orderly
manufacturing of the bonding
material and metal parts.

In particular, it shall be checked if
all tasks in Table 3.2.1. were
performed.

Verification of the complete
FPC as described in the
control plan agreed
between the TAB and the
manufacturer

According
to Control
plan

According
to Control
plan

When starting
the production
or a new line

Continuous surveillance, assessment and evaluation of factory production control

The Notified Body will ascertain that
the system of factory production
control and the specified
manufacturing process are
maintained taking account of the
control plan.

Verification of the controls
carried out by the
manufacturer as described
in the control plan agreed
between the TAB and the
manufacturer with
reference to the raw
materials, to the process
and to the product as
indicated in Table 3.2.1

According
to Control
plan

According
to Control
plan

llyear
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Design of bonded screw fasteners for use in concrete

Eurocode 2 - Design of concrete structures — Part 4: Design of
fastenings for use in concrete

Eurocode - Basis of structural design

Metallic and other non-organic coatings — Sulfur dioxide test with
general condensation of moisture

Metallic materials — Tensile testing — Part 1: Method of test at room
temperature

Mechanical properties of fasteners made of carbon steel and alloy
steel Part 1: Bolts, screws and studs with specified property classes
— Coarse thread and fine pitch thread

Mechanical properties of corrosion-resistant stainless-steel
fasteners, Part 1: Bolts, screws and studs with specified grades and
property classes

Metallic materials — Vickers hardness test

Metallic materials — Rockwell hardness test

Geometrical Product Specifications (GPS) - Surface texture: Profile
method - Motif parameters

Geometrical Product Specifications (GPS) - Surface texture: Profile
method - Calibration of contact (stylus) instruments

Geometrical Product Specifications (GPS) - Surface texture: Profile
method; Measurement standards - Part 1. Material measures
Geometrical Product Specifications (GPS) - Indication of surface
texture in technical product documentation

Metallic coatings - Measurement of coating thickness - X-ray
spectrometric methods

Non-magnetic coatings on magnetic substrates - Measurement of
coating thickness - Magnetic method

Non-magnetic metallic coatings on metallic and non-metallic basis
materials - Measurement of coating thickness - Phase-sensitive
eddy-current method

General requirements for the competence of testing and calibration
laboratories
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ANNEX A TEST PROGRAM AND GENERAL ASPECTS OF ASSESSMENT

Al Test program
The test program for the assessment consists of

- Basic tension tests and basic shear tests to assess basic values of characteristic resistance and
- Any other tests to assess the characteristic resistance regarding various effects for the relevant
application range according to the intended use.

Table A1.1 Test program for concrete screws with bonding material

N° Purpose of test Concrete Crack width Size duct Nmin rq(;j. Test setup Clause

Resistance to steel failure

N1 [Steel capacity - 0 All - 5 - - 2211
N3 [Hydrogen embrittlement C50/60 0 All doutmed | 5 ]0,90| Unconfined 2.2.1.2
Basic tension tests
Al |Reference tension tests C20/25 0 All deutmed | 5 - | Unconfined
A2 |Reference tension tests C50/60 0 All deutmed | 5 - | Unconfined
A3 |Reference tension tests C20/25 0,30 All deutmed | 5 - | Unconfined 2221
A4 |Reference tension tests C50/60 0,30 All dcut,med 5 - | Unconfined
Group tests for effective a| C20i25 5 )
A5 0 All dcut,med 0,90| Unconfined 2.2.3.2

embedment depth b| C50/60 >

Resistance to combined pull-out an

p1 [Maximumcrack widthand | 055 0,50 Al |detmax | 5 [0,80| Unconfined | 2.2.2.2
large hole diameter

Fp |Maximum crack widthand | g4/, 0,50 Al | dewtmn | 5 |0,80| Unconfined | 2.2.2.3
small hole diameter

F3 |Crack cycling under load C20/25 0,10-0,30 All deut,med 5 0,90| Unconfined 2224

F4 |Repeated loads C20/25 0 All deut,med 5 |[1,00| Unconfined 2.2.25
Torquing in low strength EAD 330232-
F6 quing 9 C20/25 0 Al | dewmax | 10 | - | Unconfined | 01-0601 [1],
concrete
2.2.2.7
Torquing in high strength EAD 330232-
F7 C50/60 0 All deutmin | 10 - | Unconfined | 01-0601 [1],
concrete
2.2.2.8
a C20/25 dcut,max 15
F8 |Impact screw driver 0 All - | Unconfined 2226
b C50/60 dcut,min 15

Robustness to variation in 0,95 .
F9 -~ C20/25 0,30 All ) 5 10,80| Unconfined 2.24.1
use conditions 0.70

Robustness to contact with 0,85 .
F10 | C20/25 0,30 s/m | deutmed 5 10,70| Unconfined 2.2.4.2
reinforcement

0,60
Robustness in dry concrete 0,95

H1l . . C20/25 0 All dcut,med 5 0,80| Unconfined 2.2.4.3
with reduced cleaning 0.70
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R1

splitting under load

Reference for increased
and minimum temperature
a) at normal ambient
temperature

Reference tests for bondi

C20/25 0

3)

ng material sens

dcut,med

itivities

Robustness to deeper 0,95
H2 |drilling depth, reduced C20/25 0 All deutmed | 5 |0,80| Unconfined 2.24.4
interaction with mortar 0,70
Robustness in water 0,90
H3 |saturated concrete, C20/25 0 All dcut,med 5 10,75| Unconfined 2.2.45
reduced cleaning 0,65
Robustness in water filled 0,90
H4 |holes (clean water), C20/25 0 All deutmed | 5 ]0,75| Unconfined 2246
reduced cleaning 0,65
F11 g"rlg":;;‘:iﬁgge distance C20/25 0 Al |detmea| 5 | - | Unconfined | 2.2.5
F1p [Edge distance to prevent | 55 0 Al | doutmea | 4 |1,0| Unconfined | 2.2.6

Confined

2.2.2.10

R6

Reference for sustained
load

a) at normal ambient
temperature and

b) at maximum long-term
temperature

¢) at minimum installation
temperature <0 °C

C20/25 0

3)

dcut,med

Confined

2.2.2.10

R7

Reference for freeze/thaw

C50/60 0

3)

dcut,med

Confined

22211

R8

Reference for slice tests 2

Maximum long-term

C20/25 0

3)

dcut,med

Confined

2.2.2.13

shear loading

3) . ;

B2 temperature C20/25 0 dcut,med 5 Confined 2.2.2.7
Maximum short-term 3) '

B3 temperature C20/25 0 dcut,med 5 - Confined 2.2.2.7
Minimum installation 3) '

B4 temperature C20/25 0 deut,med 5 11,00/ Confined 2.2.2.8

B5 [Minimum curing time C20/25 0 3) dcutmed | 5+5 |0,90| Unconfined 2229
Sustained loads (normal 3) '

B14 ambient temperature) C20/25 0 dcut,med 5 10,90 Confined 2.2.2.10

p15 [Sustained loads (maximum |~ 5 0 9 | dawgmea| 5 [090| Confined | 2.2.2.10
long-term temperature) ' ! B

B16 |Freeze/thaw conditions C50/60 0 3) dcut,med 5 0,90| Confined 2.2.2.11

B17 |Installation direction C20/25 0 3) dcut,med 5 |0,90| Unconfined 2.2.2.12

B18 |High alkalinity 2 C20/25 0 3) deutmed | 10 |1,00| Confined 2.2.2.13

B19 [Sulphurous atmosphere 2 C20/25 0 3) deutmea | 10 0,90 Confined 2.2.2.13
Installation temperature 3) '

B20 below 0 °C C20/25 0 dcut,med 5 - Confined 2.2.2.14

Characteristic resistance to shear load ‘

Characteristic resistance to

V1 |[steel failure under shear C20/25 0 All deutmed | 5 - - 2271
load
Characteristic resistance to EAD 330232-

V2 . C20/25 0 All dcutmed 5 - - 01-0601 [1],
pry-out failure

2.2.8
v3 |Group of fasteners under | )55 0 Al | demed| 5 | - - 2272
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1) Test conditions are detailed in EAD 330232-01-0601 [1].

2 These tests may be performed with threaded rods M12 (%4") only if the mixing of the bonding material is not affected
by the use of threaded rods instead of concrete screws.

%)  Size with Aaemax according to equation (2.2.2.1.2).

Table A1.2 Test program for concrete screw fasteners (without bonding material)

N° Purpose of test Concrete| Crack width Size  dcut nNmin rqd. o Test setup

Basic tension tests ¥

Al (CS)|Reference tension tests C20/25 0 All | deutmed | 5 - Unconfined

A2 (CS)|Reference tension tests C50/60 0 All | decutmed | 5 - Unconfined | gap 330232-
01-0601 [1],

A3 (CS)|Reference tension tests | C20/25 0,30 All | dewmed | 5 | - | Unconfined 2221

A4 (CS)|Reference tension tests C50/60 0,30 All | deutmed | 5 - Unconfined

1 These tests shall be performed and assessed according to EAD 330232-01-0601 [1].
Provisions for all test series

As far as applicable the Annex B of EAD 330232-01-0601 [1] shall be followed for the test members, test
setup and performance of the tests. Modifications are addressed in the following clauses, which overrule
conflicting provisions in the Annex B of EAD 330232-01-0601 [1]. The tension tests are performed with
unconfined and confined test setup.

Handling of tests and calibration items are performed in accordance with EN ISO/IEC 17025 [20].

If the fastener bolts are intended to be installed with more than one embedment depth, in general, the tests
shall be carried out with all embedment depths.

In case that the manufacturer applies for the adjustability option in the setting process, an assessment
according to the EAD 330011-00-0601 [4] shall be carried out. The potential influence on the performance
of the adjusting process during the mortar curing shall be considered. The tests shall be done with the most
unfavourable setting condition (e.g., sequence of unscrewing and screwing steps at various curing stages)
in accordance with the MPII. If no information is given in the MPII the complete spectrum of possibilities
shall be assessed.
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A2 General assessment methods

A2.1 Conversion of failure loads to nominal strength

The conversion of failure loads shall be done according to equation (A2.1.1) to (A2.1.6) depending on the
failure mode.

0,5
Concrete failure Nuc = Nyg- (:c_k> with <% < 1,0 (A2.1.1)
ct ct
m
Pull-out failure Nop = Nug- (i—k) with & < 1,0 (A2.1.2)
ct ct
N
10g ( u,m,AZ)
my., = I?L.m.m <050 (A2.1.3)
1 ( c,t,AZ)
o8 ctAl
N
log < u,m,A4>
m. = — Numas) e (A2.1.4)
r log (fC,t,A‘l—) -
fc,t,A3
fck,xx m 1)
Yexx = Fa (A2.1.5)
Nus = Nyg- % (for tension tests)
Steel failure ] ' (A2.1.6)
Vos = Vi ﬁ (for shear tests)

1 If no distinction is made for cracked and uncracked conditions, the factor m shall be determined as the minimum of
equations (A2.1.3) and (A2.1.4).

A2.2 Criteria regarding scatter of failure loads

If the coefficient of variation of the failure load in any basic test series exceeds 15% and is not larger than
30%, the following reduction shall be taken into account:

1
= <10 (A2.2.1)
Pox 1+0,03(cvg —15)

If the coefficient of variation of the failure load in any other test series exceeds 20% and is not larger than
30%, the following reduction shall be taken into account:

1
= <1, (A2.2.2)
Pox 1+0,03(cvg —20)

If the maximum limit for the coefficient of variation of the failure loads of 30% is exceeded the number of

tests shall be increased to meet this limit. The present EAD does not cover fasteners for which this limit
cannot be achieved.

If the coefficient of variation is smaller than the criteria mentioned above, Bev = 1,0.

The smallest result of 3¢y shall be taken for assessment.

A2.3 Establishing 5 % fractile

The 5 %-fractile of the ultimate loads measured in a test series shall be calculated according to statistical
procedures for a confidence level of 90 %. If a precise verification does not take place, a normal distribution
and an unknown standard deviation of the population shall be assumed.

Fusw = Fum(@—Ks -CVg) (A2.3.1)
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Fuoso = Fum(L+Ks -CVE) (A2.3.2)
e.g.. n= b5tests: ks=3,40
n=10tests: ks=2,57

Note The confidence level of 90% is defined for characteristic resistance of fasteners in EN 1992-4 [6]
3.1.12 and is therefore used for the assessment in the present EAD.

A2.4 Determination of reduction factors o

For all any other test series the mean failure loads and 5% - fractile of failure loads shall be compared with
the corresponding reference test series of basic tension tests:

o= min{m ; M} (A2.4.1)

u,m,r I:u,5%,r
If the number of tests in both series is n = 10, the comparison of the 5% - fractile of failure loads may be
done under assumption of a k-value of 1,645 for the determination of the factor a. only.

The comparison of the 5%-fractile may be omitted for any number of tests in a test series when the
coefficient of variation of the test series is smaller than or equal to the coefficient of variation of the reference
test series or if the coefficient of variation in both test series is smaller than 15%.

For tests for robustness to variation in use conditions and robustness to contact with reinforcement the
reduction factor o is used to determine the factor yinst.

For all other test series with unconfined setup, the following references may be used for the comparison
according to equation (A2.4.1):

L4 Fu,m,r = NRk,c / 0,75
e Fuswr = Nrk(characteristic resistance).

A2.5 Criteria for uncontrolled slip under tension loading

The load/displacement curves shall show a steady increase (see Figure A2.5.1). A reduction in load and/or
a horizontal part in the curve caused by uncontrolled slip of the fastener is not acceptable up to a load of:

Tests in cracked concrete: Nsi = 0,7 Nru (A2.5.1)
Tests in uncracked concrete Nsi = 0,8 Nru (A2.5.2)

Where the requirement given in equations (A2.5.1) and (A2.5.2) is not met in a test, meaning Nsit < 0,7 Nrut
and Nsit < 0,8 Nruyt, respectively, the reduction factor a1 shall be determined according to equation (A2.5.3).

o1 = Nsit / NRrujt (A2.5.3)
Where

Nsit = load level where uncontrolled slip occurs in the test

Nrut = ultimate load in the test

This reduction may be omitted if, within an individual series of tests, not more than one test shows a
load/displacement curve with a short plateau below the value determined by equation (A2.5.1) (see Figure
A2.5.1, curve 3), provided all of the following conditions are met:

¢ the deviation is not substantial

¢ the deviation can be justified as uncharacteristic of the fastener behaviour and is due to a defect in the
fastener tested, test procedure, etc.

o the fastener behaviour meets the criterion in an additional series of 10 tests.

The lowest value for aa/ rqd. o, with rqd. o = 0,7 for tests in cracked concrete and rqd. a1 = 0,8 for tests

in uncracked concrete, in all tests is inserted into equation (2.2.2.15.1).
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N
A .
Ney+———————— — — - 1 acceptable function
1 2 3 2 acceptable function
Nej+————— YA 3 non-acceptable function
> O

Figure A2.5.1 Examples for load/displacement curves

Uncontrolled slip of the fastener occurs if the expansion sleeve or expansion elements are significantly
moving in the drilled hole. This can be caused by failure of the highly loaded concrete in the region of the
undercut. This slip can be recognized by a reduction in load and/or a horizontal or nearly horizontal part in
the load/displacement curve with a corresponding displacement of > 0,5 mm.

The ultimate load is the maximum load recorded in the test independently of the displacement.

N
A A
A A (a) uncracked
concrete
(b) cracked
concrete
(1) @) ) @) /G.)\ s
- > | > »
, (a) (b) .

Figure A2.5.2 Typical load/displacement behaviour

Uncontrolled slip of a fastener occurs under sliding friction conditions, when an increase of the load is only
generated by inaccuracies of the drilled hole (e.g., change in diameter over its length, off centre over its
length).

This can be recognized when the extension of the load/displacement curve is cutting the displacement axis
at displacements & 20 (see Figure A2.5.3). The load Ns is defined by the horizontal branch of the
load/displacement curve.
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Y
87

Figure A2.5.3 Load/displacement behaviour with uncontrolled slip

Because it may be difficult to draw an extension to a curved line the following simplification may be used.

It is an indication of uncontrolled slip if the load/displacement curve falls below the linear connection
between the peak load (ultimate load) and the zero point in any area (see Figure A2.5.4).

failure load

Definition of Ns

Area where the load
displacement curve
falls below
connecting line

Figure A2.5.4 Load/displacement behaviour with uncontrolled slip

The load Ns as given above may be defined as the lower intersection point of the straight line with the

load/displacement curve.

In comparing results of assessments according to Figure A2.5.3 and Figure A2.5.4, the type given in Figure

A2.5.3 will govern.
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A2.6 Limitation of the scatter of displacements

In order to properly activate all fasteners of a fastener group, the displacement behaviour (stiffness) of
individual fasteners shall be similar.

The coefficient of variation of the mean displacement at the load level of 0,5 Num in basic tension tests shall
fulfil the limit given in equation A2.6.1 and for any other tests the limit given in equation (A2.6.2) shall be
kept.

cvs < 0,25 (basic tension tests) (A2.6.1)
cvs < 0,40 (any other tests) (A2.6.2)

The load displacement curves may be shifted according Figure A2.6.1 for determination of the displacement
at 0,5 Nu,m.

It is not necessary to observe limitation of the scatter of the load/displacement curves in a test series if in
this test series the mean value of displacement at a load of 0,5 Numis smaller than or equal to 0,4 mm.

F
Ru.m N @_@
¢ A . A Examples for
FRomT 1 // FRumT 1 Ic;)'adll
L e iIsplacement
@ Pt ,/_@ curves
il ol
t ,-"L® t e ,"4@
0,5 Frum T // 0.5 FrumT — £
11
[
[
[
>0 - >0
S1 S3
(@) (b)

Figure A2.6.1 Influence of pre-stressing on load/displacement curves
(a) original curves

(b) shifted curves for evaluation of scatter at N = 0,5 Num
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