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ANNEX A
Details of Tests
1 TEST SAMPLES

Samples shall be chosen to be representative of normal production as supplied by the manufacturer, including
screws, nuts and washers.

Anchors with inner threads may be supplied without the fixing elements such as screws or nuts, but the anchor
manufacturer shall specify the screws or nuts to be used. If according to the chosen design method the
characteristic resistance for concrete failure is needed, it may be necessary to use screws or bolts of higher
strength than those specified, in order to achieve a concrete failure in tests; if higher strength screws or bolts are
used, the functioning of the anchors shall not be influenced in any way.

Sometimes the tests are carried out with samples specially produced for the tests before issuing the ETA. If so,
it shall be verified that the anchors subsequently produced conform in all respects, particularly suitability and
bearing behaviour, with the anchors tested.

2 TEST MEMBERS

The test members shall be made in accordance with EN 206 [8] and comply with the following:
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2.1 Aggregates

Aggregates shall be of medium hardness and with a grading curve falling within the boundaries given in Figure
2.1. The maximum aggregate size shall be 16 mm or 20 mm. The aggregate density shall be between 2.0 and
3.0 t/m?3 (see EN 206 [8] and ISO 6783 [9]).
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Figure 2.1 Admissible region for the grading curve

2.2 Cement

The concrete shall be produced using Portland cement Type CEM | or CEM II/A-LL, CEM II/B-LL (see EN 197-1
(10])

2.3 Water/cement ratio and cement content

The water/cement ratio shall not exceed 0,75 and the cement content shall be at least 240 kg/m?3.
No additives likely to change the concrete properties (e.g. fly ash, or silica fume, limestone powder or other
powders) shall be included in the mix.

2.4 Concrete strength

Tests are carried out in concrete of two strengths: low strength (strength class C 20/25) and high strength
(strength class C 50/60).

The following mean compressive strengths at the time of testing anchors shall be obtained for the two classes:

C 20/25: fem = 20-30 MPa (cylinder: diameter 150 mm, height 300 mm)
= 25-35 MPa (cube:150 x 150 x 150 mm)
C 50/60: fem 50-60 MPa (cylinder: diameter 150 mm, height 300 mm)

60-70 MPa (cube:150 x 150 x 150 mm)
It is recommended to measure the concrete compressive strength either on cylinders diameter 150 mm, height

300 mm, or cubes 150 mm.
If this is not done in certain cases, the concrete compressive strength may be converted thus:

feube 150 (2.1a)

C 20/25: fcyl = 1
1.25
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1
C 50/60: fey =——— feube 150 (Zlb)
1.20

Conversion factors for cubes of different sizes:

feube 100 -1 . feube 150 (2.1c)
0.95
1
feube 150 =——— - feube 200 (2.1d)
0.95

For every concreting operation, specimens (cylinder, cube) shall be prepared having the dimensions
conventionally employed in the member country; the specimens being made and treated in the same way as the
test members.

Generally, the concrete control specimens shall be tested on the same day as the anchors to which they relate.
If a test series takes a number of days, the specimens shall be tested at a time giving the best representation of
the concrete strength at the time of the anchor tests, e.g. at the beginning and at the end of the tests.

The concrete strength at a certain age shall be measured on at least 3 specimens, the mean value governs.

If, when evaluating the test results, there shall be doubts whether the strength of the control specimens
represents the concrete strength of the test members, then at least three cores of 100 mm or 150 mm diameter
shall be taken from the test members outside the zones where the concrete has been damaged in the tests, and
tested in compression. The cores shall be cut to a height equal to their diameter, and the surfaces to which the
compression loads are applied shall be ground or capped. The compressive strength measured on these cores
may be converted into the strength of cubes by Equation (2.1e):

fc,cube 200— 0,95 fc,cube 150 = fc,core 100= fc,core 150 (2.18)

2.5 Dimensions of test members

The specification and dimensions of the test members shall conform to the following:

(@ Tests in cracked concrete
The tests are carried out on test members with unidirectional cracks, the crack width shall be
approximately constant throughout the member thickness. The thickness of the test member shall be
h > 2 hef but at least 100 mm. For bonded anchors see Part 5, for anchors for lightweight systems see
Part 6. To control cracking, so-called ‘crack-formers’ may be built into the member, provided they are not
situated near the anchorage zone. An example for a test member is given in Figure 2.2.
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Figure 2.2 Example of a test member for anchors tested in cracked concrete

When using a test member according to Figure 2.2, the reinforcement ratio and/or the member depth
shall be sufficiently large to allow for a small increase in crack width during loading of the anchor
(see 5.1). In the test with crack movements (see 5.5), the reinforcement ratio (top and bottom
reinforcement) shall be p=As/ (b - h) ~0,01 and the spacing of the bars < 250 mm.

For tests with anchors in contact with reinforcement (see 5.8) the specimen shall be reinforced with
smooth bars (bar diameter & = 25 mm, spacing > 150 mm). The concrete cover shall correspond to the
value her - & / 2 (so that the effective embedment depth is at the same depth as the axis of the bar).

(b) Tests in non-cracked concrete
Generally, the tests are carried out on unreinforced test members. Only in the tests according to 5.9 the
member may be provided with an edge reinforcement. This edge reinforcement used in the tests shall
be stated in the ETA as a minimum requirement. The reinforcement bars shall be straight and have a
concrete cover on both sides of 15 mm.

In cases where the test member contains reinforcement to allow handling or for the distribution of loads
transmitted by the test equipment, the reinforcement shall be positioned such as to ensure that the
loading capacity of the tested anchors is not affected. This requirement will be met if the reinforcement is
located outside the zone of concrete cones having a vertex angle of 120°.

For tests with anchors in contact with reinforcement, the requirements for test members described in (a)
above apply.

The thickness of the members shall correspond to the minimum member thickness applied by the
manufacturer which will be given in the ETA (generally h = 2 het, but at least 100 mm). For bonded
anchors see Part 5, for anchors for lightweight systems see Part 6.

Only in tension, shear and combined tension and shear tests with single anchors without edge and
spacing effects, tension tests with quadruple anchors groups, shear tests to measure pryout failure load
and shear tests with single anchors and anchors groups at the edge (Options 1, 2, 7 and 8 only,
compare Part 1, Table 5.4, lines 16 to 19) the member thickness may be larger.

2.6 Casting and curing of test members and specimens

The test members shall be cast horizontally. They may also be cast vertically if the maximum height is 1.5 m
and complete compaction is ensured.
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Test members and concrete specimens (cylinders, cubes) shall be cured and stored indoors for seven days.
Thereafter they may be stored outside provided they are protected such that frost, rain and direct sun does not
cause a deterioration of the concrete compression and tension strength. When testing the anchors the concrete
shall be at least 21 days old.

3 ANCHOR INSTALLATION

The tested anchors shall be installed in a concrete surface that has been cast against a form of the test
member. Exceptions see 5.9.

The anchors shall be installed in accordance with the standard instructions supplied by the manufacturer.
Torque moments, where appropriate, shall be applied to the anchor by a torque wrench having calibration
traceable. The measuring error shall not exceed 5 % of the applied torque throughout the whole measurement
range.

After about 10 minutes of torquing the anchors with the torque moment Tinst required by the manufacturer, the
torque moment shall be reduced to 0,5 Tinst to account for relaxation of the prestressing force with time.

Anchors not needing the application of a defined torque moment for suitability (e.g. deformation-controlled
expansion anchors, many types of undercut anchors and bonded anchors) shall not be torqued before testing.

With anchors which need to be torqued, the test results can be influenced by the roughness of the fixture.
Therefore the washer shall not turn relative to the fixture. To ensure defined test conditions, e.g. double-sided
abrasive material may be inserted between washer and fixture (see Figure 4.4).

For the installation safety tests only special conditions appropriate for the anchor types concerned are specified
in the appropriate Parts of this Guideline.

When testing in cracked concrete, anchors are placed in the middle of hairline cracks. If it is established that the
cracks will run through the axis of the anchors, the initial anchorage may be made in non-cracked concrete.

The holes for anchors shall be perpendicular to the surface of the concrete member.

In the tests the drilling tools specified by the manufacturer for the anchors shall be used. If hard metal hammer-
drill bits are required, these bits should meet the requirements laid down in ISO 5468 with regard to dimensional
accuracy, symmetry, symmetry of insert tip, height of tip and tolerance on concentricity.

The diameter of the cutting edges as a function of the nominal drill bit diameter is given in Figure 3.1.

For the suitability tests the cutting diameter of drill bits shall conform to the requirements given in Table 5.1 and
5.2 of the subsequent parts.

In all tests for admissible service conditions the cylindrical hole is drilled with a medium diameter (dcu,m) of the
drill bit.

The diameter of the drill bit shall be checked every 10 drilling operations to ensure continued compliance.

If special drilling bits like stop-drills or diamond core drill bits are required no standards on the specification of
these products are available. In which case the anchor manufacturer has to specify the dimensions and
tolerances of the bits and tests shall be performed with bits within the specifications. The definition of a medium
diameter (dcutm)shall be laid down by the Approval Body.
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Figure 3.1 Cutting diameter of hard metal hammer-drill bits
4 TEST EQUIPMENT

Tests shall be carried out using measuring equipment having calibration traceable to internationsal standards.
The load application equipment shall be designed to avoid sudden increase in load especially at the beginning of
the test. The measuring error of the load shall not exceed 2 % throughout the whole measuring range.

Displacements shall be recorded continuously (e.g. by means of displacement electrical transducers) with a
measuring error not greater than 0,02 mm.

The test rigs shall allow the formation of an unrestricted rupture cone. For this reason the clear distance between
the support reaction and an anchor (single anchor) or an outer anchor (anchor group) respectively shall be at
least 2 het (tension test) or 2 c1 (shear test at the edge with load applied towards the edge) (c1 = edge distance in
load direction). Only in shear tests without edge influence where steel failure is expected the clear distance may
be less than 2 c:.

During all tests, the load shall be applied to the anchor by a fixture representing the conditions found in practice.

In tests on single anchors without edge and spacing influences the centre-to-centre distance and the distances
from free edges shall be large enough to allow the formation of an unrestricted rupture cone of vertex angle 120°
in the concrete.

During tension tests (see 5.2), the load shall be applied concentrically to the anchor. To achieve this, hinges
shall be incorporated between the loading device and the anchor. The diameter of the clearance hole provided in
the fixture shall be in accordance with the values given in Table 4.1. These values correspond approximately to
‘medium’ holes according to 1SO 273 [13] and Eurocode N° 3 [14]. An example of tension test rig is illustrated in
Figure 4.1.

In shear tests (see 5.3), the load shall be applied parallel to the concrete surface. A plate with interchangeable
sleeves may be used for testing the different sizes of anchors (see Figure 4.2). The sleeves shall be made of
quenched steel and have radiused edges (0,4 mm) where in contact with the anchor. The height of the sleeves
shall be approximately equal to the outside diameter of the anchor. The inner diameter of the sleeve shall
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correspond to the sizes given in Table 4.1. To reduce friction, smooth sheets (e.g. PTFE) with a maximum
thickness of 2 mm shall be placed between the plate with sleeve and the test member.

An example of a shear test rig is illustrated in Figure 4.3a and 4.3b. As there is a lever arm between the applied
load and the support reaction, the test member is stressed by a torsion moment. This shall be taken up by
additional reaction forces placed sufficiently far away from the anchor.

In combined tension and shear tests (see 5.4) the axis of the load shall pass through a point coincident with the
axis of the anchor and the concrete surface. The load direction shall be kept constant throughout the test. In all
other aspects the provisions for tension and shear tests apply.

In sustained load tests (see 5.7) the permanent load can be applied by a hydraulic jack, by springs or by dead
load, e.g. applied by a lever arm.

I
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test member

Figure 4.1 Example of a tension test rig
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PTFE, t = 2mm

@ids according to Table 4.1 (Annex A)

Figure 4.2 Examples of shear test sleeves

Table 4.1 Diameter of clearance hole in the fixture

external diameter d or

dnom (mm) 6 8 10 12 14 16 18 20 22 24 27 30
diameter df of clearance hole in
the fixture (mm) 7 9 12 14 16 18 20 22 24 26 30 33
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Figure 4.3b Example of a shear test rig

In torque tests (see 5.10), the relation between the applied torque moment and the tension force in the bolt is
measured. For this, a calibrated load cell with a measuring error < 3 % throughout the whole measuring range is
used as a fixture (Figure 4.4). The anchor shall be installed in non-cracked concrete with strength class of
C50/60 (Figure 4.4).
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Figure 4.4 Example for torque test (schematic)
(Any rotation of the spherical part of the fixture shall be prevented.)

5 TEST PROCEDURE

5.1 General

The anchors shall be installed in accordance with the standard instructions supplied by the manufacturer, except
where special conditions are specified in the tests.

The tests in cracked concrete are undertaken in unidirectional cracks (compare Introductory Notes). The crack
width Aw is given in Part 1, Table 5.1 (suitability tests) and Table 5.4 (tests for admissible service conditions). Aw
is the difference between the crack width when loading the anchor and the crack width at anchor installation.
After installation of the anchor (see 3) the crack is widened to the appropriate crack width while the anchor is
unloaded. The initial crack width shall be set to within + 10 % of the specified value. However, the mean value of
a series shall reflect the specified value.

Then the anchor is subjected to load while the crack width is controlled, either:
(@ at a constant width, for example, by means of a servo system, or

(b) limited to a width close to the initial value by means of appropriate reinforcement and depth of the
test member.

In both cases the crack width at the face opposite to that through which the anchor is installed be maintained
close to the specified value.

The load shall increase in such a way that the peak load occurs after 1 to 3 minutes from commencement. Load
and displacement be recorded either continuously or at least in about 100 intervals. The tests may be carried out
with load or displacement control. In case of displacement control, then the test be continued up to at least 75 %
of the maximum load to be measured (to allow the drop of the load/displacement curve).

ETAG 001 A
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5.2 Tension test
5.2.1 Single anchor

After installation, the anchor is connected to the test rig and loaded to failure. The displacements of the anchor
relative to the concrete surface at a distance of > 1.5 her from the anchor shall be measured by use of either one
displacement transducer on the head of the anchor or at least two displacement transducers on either side; the
mean value shall be recorded in the latter case.

When testing anchors at the corner of a non-cracked test member, then the test rig shall be placed such that an
unrestricted concrete failure towards the corner is possible (see Figure 5.1). It may be necessary to support the
test rig outside the test member.

When testing in cracked concrete, the crack width shall be regularly measured during the test on both sides of
the anchor at a distance of approximately 1.0 her and at least on the face of the test member in which the
anchors are installed.

1 test member
2 support of test rig
3 anchor

Figure 5.1 Example of the test rig for tension tests on anchors at a corner

5.2.2 Quadruple anchor group

The tests are performed in non-cracked concrete. The anchors of a quadruple anchor group shall be connected
by a rigid fixture. The tension load shall be applied centrally to the fixture. The connection between the fixture
and the load jack shall be hinged to permit differential anchor displacement to occur.

The mean displacement of the anchor group relative to the concrete surface at a distance of > 1.5 het of the
outermost anchors shall be measured, for example by use of transducers measuring the displacement of the
fixture at the corners.

5.2.3 Double anchor group

In certain cases, tension tests on double anchor groups close to the edge are necessary (see Part 2, 5.1.3). The
tests are performed in non-cracked concrete. The two anchors are installed parallel to the edge of the test
member at a spacing s = smin and an edge distance ¢ = cmin. The test procedure follows 5.2.2.

5.3 Shear test
5.3.1 Single anchor

After installation, the anchor is connected to the test rig without gap between the anchor and the interchangeable
sleeve in the loading plate; it is then loaded to failure. The displacements of the anchor relative to the concrete
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shall be measured in the direction of the load application, eg by use of a displacement transducer fixed behind
the anchor (seen from the direction of load application) on the concrete (see Figure 4.3a).

When testing anchors at a corner, the test rig shall be arranged such that an unrestricted concrete corner failure
may occur.

When testing in cracked concrete, 5.1 applies. However, the crack widths shall be measured at a distance of
approximately her behind the anchor. The load shall be applied in the direction of the crack towards the edge.
5.3.2 Double anchor group

The test is performed in non-cracked concrete. The two anchors shall be installed parallel to the edge and
connected by a rigid fixture and the shear load shall be applied at the centre. The test arrangement shall
simulate a hinged connection, so that the two anchors are loaded equally.

The total load on the anchor group and the mean displacement of the fixture relative to the concrete outside the
failure cone shall be measured (see 5.3.1).

5.3.3 Quadruple anchor group

After installation, the 4 anchors shall be connected by a rigid fixture with the dimension given in Figure 5.2.

2d,

i
Edf' s 2ds |

Figure 5.2 Dimensions of fixture

Below the fixture, a sheet of PTFE (e.g. Teflon) with a maximum thickness of 2 mm shall be placed. The test
arrangement shall simulate a hinged connection so that the 4 anchors are loaded equally. The shear force may
be applied to the front or back side of the fixture.

The load on the anchor group and the shear mean displacement of the fixture relative to the concrete outside the
rupture cone shall be measured (see 5.3.1).

5.4 Combined tension and shear test

In a combined tension and shear (oblique tension) test the load may be applied by either one jack acting at the
specified angle to the anchor axis or using two jacks under servo control applying an axial tension and shear
load, respectively. During the test the intended angle of load application shall be kept constant with a tolerance
of + 2 degrees. The anchor displacements may be measured in either the direction of the load or, alternatively,
both directions (see 5.2.1 and 5.3.1).
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When testing in cracked concrete, the provisions given in 5.2.1 and 5.3.1 apply.

5.5 Crack movement test

After anchor installation the maximum (max Ns) and minimum (min Ns) loads applied to the test member shall be
determined such that the crack width under max Ns is Aw: = 0,3 mm and under min Ns is Awz = 0,1 mm. To
stabilize crack formation, up to 10 load changes varying between max Ns and min Ns may be applied. Then a
tensile load Np [Equation (5.1)] is applied to the anchor after opening the crack to Aw: = 0,3 mm.

Ne= 0,9 Nrk/y mc (5.1)
where:
Ng, = characteristic tensile resistance in cracked concrete C20/25 evaluated according to
Part 1, 6.1.2.2 from the tests according to Part 1, 5.1.3.
Y me = according Annex C (> 1.8)

Np shall remain constant during the test (variation + 5%). Then the crack is opened and closed 1000 times

(frequency approximately 0,2 Hz). During opening of the cracks, the crack width Awi is kept approximately
constant (see Figure 5.3); for this purpose the load max Ns applied to the test member may have to be reduced.
The load min Ns is kept constant. Therefore, the crack width Awz2 may increase during the test (see Figure 5.3).
The crack width difference Awi - Awz, however, shall be > 0,1 mm during the 1000 movements of the crack. If
this condition cannot be fulfilled with Aw: = 0,3 mm, then either min Ns hall be reduced or Aw: hall be increased
accordingly.

The load/displacement behaviour shall be measured up to the load Np. Afterwards under Np, the displacements
of the anchor and the crack widths Aw: and Aw: shall be measured either continuously or at least after 1, 2, 5,
10, 20, 50, 100, 200, 500 and 1000 crack movements.

After completion of the crack movements the anchor shall be unloaded, the displacement measured and a
tension test to failure according to 5.2.1 performed with Aw = 0,3 mm.
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5.6 Repeated load test

The test is performed in non-cracked concrete. The anchor is subjected to 10° load cycles with a maximum
frequency of approximately 6 Hz. During each cycle the load shall change as a sine curve between max N and
min N according to Equations (5.2) and (5.3), respectively. The displacements shall be measured during the first
loading up to max N and then either continuously or at least after 1, 10, 102, 103, 104 and 105 load cycles.

max N = smaller value of 0,6 Nrk and 0,8 - As - fyk (5.2)

min N = higher value of 0,25 Nrk and max N - As - Aocs (5.3)

where:

NRk = characteristic anchor failure load in tension in non-cracked concrete for the concrete

strength of the test member. Nrk is calculated either according to Annex B if the anchor
conforms to current experience, or otherwise from the results of tension tests according
to Part 1, 5.1.3 on single anchors without edge and spacing effects.

As = stressed anchor cross-section
Acs = 120 N/mm?

After completion of the load cycles the anchor shall be unloaded, the displacement measured and a tension test
to failure performed according to 5.2.1.

5.7 Sustained load test

The test is performed in non-cracked concrete. The anchor is subjected to a load according to Equation (5.2)
and kept constant (variation within £ 5 %). The test will generally last for six months unless the displacements
appear to have stabilized earlier. The minimum duration is three months.

After completion of the sustained load test the anchor shall be unloaded, the displacement measured and a
tension test to failure performed according to 5.2.1.

5.8 Test with the anchor in contact with reinforcement

When drilling the cylindrical hole, the drilling tool shall be mounted in a drilling stand and positioned such that the
reinforcing bar is clearly cut. On an mean the depth of the notch cut hall be about 1 mm. Apart from the contact
with reinforcement the anchor shall be correctly installed. Then a tension test according to 5.2.1 is performed.

An anchor after installation in contact with reinforcement is shown in Figure 5.4.
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Figure 5.4 Position of anchor when tested in contact with reinforcement
5.9 Test for determining minimum spacing and edge distance

The tests are carried out with double anchors with a spacing s = smin and an edge distance ¢ = cmin. The double
anchors are placed on an uncast side of a concrete test member (see Part 1, Table 5.4) with a distance a > 3 hes
between neighbouring groups. The diameter df of the clearance holes in the fixture shall correspond to the

values given in Table 4.1. The dimensions of the fixture shall be width = 3 df, length = smin + 3 df and
thickness = d.

The anchors shall be torqued alternately in steps of 0,2 Tinst. After each load step the concrete surface shall be
inspected for cracks. The test is stopped when the torque moment cannot be increased further.

The number of revolutions per load step shall be measured for both anchors. Furthermore, the torque moment

at the formation of the first hairline crack at one or both anchors and the maximum torque moment that can be
applied to the two anchors, shall be recorded.

5.10 Torque test
The diameter of the clearance hole in the fixture shall correspond to the values given in Table 4.1.

The torque moment is applied with a calibrated torque wrench until it cannot be increased further or at least to
1.3 Tinstrespectively.

The tension force in the bolt or screw shall be measured as a function of the applied torque moment.

6 TEST REPORT

As a minimum requirement, the report shall include at least the following information:

General

- Description and type of anchor
- Anchor identification (dimensions, materials, coating, production method)
- Name and address of manufacturer

ETAG 001 A
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- Name and address of test laboratory

- Date of tests

- Name of person responsible for test

- Type of test (eg tension, shear, oblique tension, short-term or repeated load test)
- Number of tests

- Test rigs, illustrated by sketches or photographs

- Particulars concerning support of test rig on the test member

Test members

- Composition of concrete. Properties of fresh concrete (consistency, density)

- Date of manufacture

- Dimensions of control specimens, and/or cores (if applicable) measured value of compression strength at
the time of testing (individual results and mean value)

- Dimensions of test member

- Nature and positioning of any reinforcement

- Whether cast horizontally or vertically

Anchor installation

- Information on the positioning of the anchor (e.g. placed on the uncast face or cast face of the test
member)

- Distances of anchors from edges of test member and between adjacent anchors

- Tools employed for anchor installation, e.g. impact drilling tool, drilling hammer, other equipment, e.g.
torque wrench

- Type of drill bit, manufacturer's mark and measured drill bit dimensions, particularly the effective diameter,
dcut, Of the hard metal insert

- Information on the direction of drilling

- Information on cleaning of the hole

- Depth of drill hole

- Width of crack when installing the anchor (where applicable)

- Depth of anchorage

- Tightening torque or other parameters for control of installation, e.g. penetration depth of the expansion
element of displacement controlled anchors

- Displacement of anchor at the applied torque moment (if measured)

- Quality and type of screws and nuts employed

- Length of thread engagement (where applicable)

Measured values

- Parameters of load application (e.g. rate of increase of load or of size of load increase steps.)
- Displacements measured as a function of the applied load
- Any special observations concerning application of the load
- Width of crack during the loading of the anchor (where applicable)
- Failure load
- Cause(s) of rupture or failure
- Radius (maximum radius, minimum radius) and height of a concrete cone produced in the test (where
applicable)
- Particulars of tests with crack movements
- constant load on anchor and method of applying it
- frequency of crack openings
- anchor displacements and crack width Awi, Awz as a function of the number of crack openings
- Particulars of repeated load tests
- minimum and maximum load
- frequency of cycles
- number of cycles
- displacements as function of the number of cycles
- Particulars of sustained load tests
- constant load on anchor and method of applying it
- anchor displacement as a function of time
- Particulars of group tests
- any special observation, e.g. one anchor fails and load is redistributed to other anchors
- eventual cracking between anchors

ETAG 001 A
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- Particulars of tests with anchor in contact with reinforcement
- positioning of the anchor with respect to reinforcement bars
- dimensions of notch cut
- Particulars of test for determining the minimum spacing and edge distance
- increment of torque
- number of revolutions
- torque moment at the forming of a hairline crack at each anchor
- maximum torque moment applied to each anchor
- Particulars of torque test
- increment of torque
- tension force as a function of the applied torque moment

The above measurements shall be recorded for each test.

- Particulars of identification tests
- dimensions of the parts of the anchor and the drilling- and installation tools
- properties (e.g. tensile strength, elastic limit, elongation at rupture, hardness and surface
conditions of anchor cone and sleeve, if applicable)

ETAG 001 A
-19 -



European Organisation for Technical Approvals
Europaische Organisation fiir Technische Zulassungen
Organisation Européenne pour I'Agrément Technique

ETAG 001
Edition 1997

GUIDELINE FOR EUROPEAN TECHNICAL APPROVAL
OF

METAL ANCHORS
FOR USE IN CONCRETE

Annex B: TESTS FOR ADMISSIBLE SERVICE CONDITIONS
DETAILED INFORMATION
Amended October 2001
2" Amendment November 2006

EOTA©
Avenue des Arts 40 Kunstlaan
1040 Brussels




TABLE OF CONTENTS
ANNEX B

TESTS FOR ADMISSIBLE SERVICE CONDITIONS

DETAILED INFORMATION

1 INTRODUCTION
2 RANGE OF CURRENT EXPERIENCE
2.0 General
2.1 Notation List
2.2 Tension load
221 Steel failure
222 Concrete cone failure
223 Pull-out failure
224 Splitting failure
2.3 Shear load
2.31 Steel failure
2.3.2 Concrete edge failure
233 Concrete pryout failure
2.4 Combined tension and shear load
241 Steel failure
242 Other failure modes
3 TEST PROGRAMME
3.1  Complete Test Programme
3.2 Reduced Test Programme
3.3 Detailed Information on Options

OPTIONS 1 to 12

ETAG 001 Annex B
2



1 INTRODUCTION
This annex sets out the tests which will be required for the determination
of the admissible service conditions. The number of tests depends on the following:
. which Option is chosen by the manufacturer
. the current experience available on the load bearing behaviour of anchors and
. whether or not application of the experience is appropriate.
2 RANGE OF CURRENT EXPERIENCE
2.0 General
In general the following equations for failure loads are valid for single anchors. They are based on
current test experience and are used in deriving mean failure loads and 5 %-fractiles in appropriate
cases. Where insufficient experience exists to allow a theoretical approach, a note to this effect is
included.
The current experience is valid for expansion- and undercut anchors as defined in Part 1, Figure 2.2. a
b c. Equations for bonded anchors are listed in Part 5.
The following equations for calculation of the concrete failure loads are based on the compression
strength of concrete test members, f; 1o, measured on cubes with a side length of 200 mm. If the
compression strength is measured on cubes with a different side length or on cylinders, they may be
converted using the conversion Equations (2.1) of Annex A.
If the mean failure loads Fy, , and the coefficient of variation, v , are given, in the following the
characteristic failure load, F, , »can be calculated by Equation (2.1)
Fro = Fry, - (1-1,645-v) (2.1)
21 Notation List
The same notations are used as given in the notation lists of Part 1 and Annex C.
22 Tension Load
221 Steel Failure
The average failure load is given by Equation (2.2) and is valid for cracked and non-cracked concrete
C20/25 to C50/60.
NRu,m = As : fu,test (22)
The characteristic failure load may be calculated by using f,, instead of f, ., in Equation (2.2).
222  Concrete Cone Failure

The average failure load in non-cracked concrete C20/25 to C50/60 is given in Equation (2.3)

NRu,m = 13’5 helj;S : f0,5 V= 15% (23)

c,test
The average failure load in cracked concrete C20/25 to C50/60 is given in Equation (2.4)

N = 9.5-BY7 - £05 v=15% (2.4)

Ru,m c,test
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223

224

23

2.3.1

23.2

The distance between anchors required for transferring a load according to Equation (2.3) or Equation
(2.4) in cracked or non-cracked concrete C20/25 to C50/60 may be taken as

Scr,N = 3.hef (25)

The distance from an edge required for transferring a load according to Equation (2.3) or Equation
(2.4) in cracked or non-cracked concrete C20/25 to C50/60 may be taken as

Cz,‘r,N = 1’5 : hef (26)

Pull-Out Failure

At present there is no generally valid experience, since the failure load is determined by the individual
design of each anchor. It is therefore necessary to derive the characteristic load by testing.

The spacing and edge distance required to transfer the pull-out failure load may conservatively be
taken according to Equations (2.5) and (2.6).

Splitting Failure
At present there is no generally valid experience to calculate the failure load in non-cracked concrete

C20/25 to C50/60 for this failure mode. As a first indication, the following edge distances for ensuring
the failure load according to Equation (2.3) is not reduced, may be chosen:

Corgp =2,.0-h,; for undercut anchors (2.7.a)
Corp =300y for torque-controlled expansion anchors (2.7.b)
Scr,sp = 2 : ccr,sp (28)

In cracked concrete it is assumed that splitting of the concrete will not govern, if the crack width is
limited by the reinforcementto w, = 0,3 mm.

Shear Load
Steel Failure

The average failure load is given by Equation (2.9a) and is valid for cracked and non-cracked concrete
C20/25 to C50/60.

VRu,m = 0’6 ’ As : fu,test (293)

The characteristic failure load may be calculated by Equation (2.9b).

VRk = 0’5 ' As ’ fu,test (29b)

Concrete edge failure

The average failure load in non-cracked concrete C20/25 to C50/60 is given in Equation (2.10)

Vi =0,90-d%

Ru,m nom

Ay 1d,,,) " f el v=17% (2.10)

The average failure load in cracked concrete C20/25 to C50/60 is given in Equation (2.11). Because of
limited experience a reduction factor of 0,7 in comparison to Equation (2.10) is taken.

Vi =0,63-d2

Ru,m nom

’ (lf /dlmm)o’2 : fc(,);:vt ’ Cll’5 V= 17% (21 1)
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233

24

2.41

Equations (2.10) and (2.11) are valid for concrete member depth 2 > 1,5-¢,.

The distance between anchors required for transferring a load according to Equation (2.10) or
Equation(2.11) in cracked or non-cracked concrete C20/25 to C50/60 may be taken as

S,y =3¢ (2.12)

cr,

The distance from an edge perpendicular to the load direction required for transferring a load
according to Equation (2.10) or Equation (2.11) in cracked or non-cracked concrete C20/25 to C50/60
may be taken as

C,y =L5-¢ (2.13)

The spacing s and edge distances ¢, and ¢, should not be smaller than the minimum value in order to
prevent splitting of the concrete member while installing the anchor.

Concrete Pryout Failure

The average failure load in non-cracked concrete C20/25 to C50/60 is given in Equation (2.14)

%

Ru.m :kN V= 15% (214)

Ru,m

with k=10 for h, <60mm
k=2,0 for h, >60mm

N see Equation (2.3)

Ru,m

The average failure load in cracked concrete C20/25 to C50/60 is given in Equation (2.15). Because of
limited experience a reduction factor of 0,7 in comparison to Equation (2.14) is taken into account by
using N according to Equation (2.4).

Ru,m

Veurw=k-N

Ru,m Ru,m

v=15% (2.15)

with k=1,0 for hef < 60mm
k=2,0 for hef > 60mm
N see Equation (2.4)

Ru.,m

The spacing and edge distances given in 2.2.2 apply. If smaller spacings and edge distances are
chosen in the test, the influencing factors A, , /A, and ¥, , on N, . shall be considered
according to the design method A in Annex C, 5.2.2.3(b) and (c).

Combined Tension and Shear Load
Steel Failure

The average failure load is given by Equation (2.16) which is valid for cracked and non-cracked
concrete C20/25 to C50/60

(Ng/ New) "+ (Vs Vi) 210 (2.16)

Ru,m
with N = tension component of the applied load
Vs = shear component of the applied load

N, according to Equation (2.2)

Ru,m
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V

Ru,m

according to Equation (2.9)

2.4.2 Other Failure Modes
The average failure load is given by Equation (2.17) which is valid for cracked and non-cracked
concrete C20/25 to C50/60.
1,5 1,5
(Ng/ New) ™ + (Vs / Vi) 210 (2.17)
with N = tension component of the applied load
Vs = shear component of the applied load
Niwm o Vigum minimum value of the average failure loads for the different
failure modes under tension or shear loads
The following simplified approach may also be used to calculate the average failure load under
combined tension and shear load in cracked and non-cracked concrete C20/25 to C50/60 (the
equation is not valid for pure tension or shear loads).
(NS / NRu,m) + (VS /VRu,m) 2 1’2 (218)
with N = tension component of the applied load
Vs = shear component of the applied load
Neww » Vium mMinimum value of the average failure loads for the different
failure modes under tension or shear loads
3 TEST PROGRAMME

The test programme is arranged between the approval body and the applicant. In general, test results

are available from the manufacturer. If the corresponding test report contains all relevant data (see

Annex A, 6) then test results submitted by the manufacturer may be considered (see Part 1, 5.1.3).

However, they will only be considered in the assessment if the results are consistent with the Institute's

test results or experience.

3.1 Complete Test Programme

The following tables show the test programme required for determining admissible service conditions,

for Options 1 to 12, where there are no existing relevant data and therefore does not allow any

reduction in testing.

The Option chosen is a matter for the applicant to decide.

In particular, the tables apply where:

. new anchors are claimed to have significantly improved behaviour compared with those to which
current experience applies. In particular, if in the case of concrete failure, higher failure loads
than given by the relevant equations are looked for, then the corresponding values for the edge
distance c¢rand spacing scr shall be assessed as well.

. anchors fail in a mode for which only limited experience exists (eg. pull-out failure).In this case
the values for cqr and sgr may be reduced compared to the values given in 2.2 and 2.3 for
Option 3to 6 and 9 to 12.

3.2 Reduced Test Programme

At the applicant's request and if agreed by the approval body, a reduced test programme for anchors
based on the assumption that its performance is consistent with current experience may be carried out,
providing:

ETAG 001 Annex B
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(@) A minimum test programme is used to confirm whether or not the anchor's behaviour, judged
according to all the parameters referred to in 2 falls within the range of current experience.
Confirmation of the assumption will require an adequate statistical evaluation of the test-data for a
confidence level (two sided) of P = 90%.

(b) For comparison of the mean values the t-test should be used. However, the coefficient of variation
of one test series should not directly be compared with the coefficient of variation for current
experience given in 2. This is due to the fact that the equations for calculating the average failure loads
were deduced by using the results of a large number of test series in different concrete members.
Therefore the given coefficients of variation include the influence of different concrete mixes and
different curing conditions. The coefficient of variation of one test series performed in one concrete
member can be significantly smaller than the values given in 2. In this case a normal F-test does not
work and it has to be shown by engineering judgement that the coefficient of variation of the test series
is inside current experience.

(c) That if the load bearing capacity of the anchors is higher than calculated by the equations and if the
coefficient of variation does not exceed current experience the manufacturer then does not ask for
improved values but accepts current experience.

The reduction of the number of tests is listed in notes 1 to 5 and 7 to 10 of the following Option tables 1
to 12.

The Tables at the end of the document show the reduced test programme required for determining
admissible service conditions, for Options 1 to 12, if the design model of Annex C is used.

3.3 Detailed Information on Options
The number of required tests for the different options is given in the following Option tables. Options 1
to 6 cover anchors for cracked and non-cracked concrete, Options 7 to 12 anchors for non-cracked
concrete only. Consequently the test programme for Options 1 to 6 include additional tests in cracked
concrete.
Option 12 gives the smallest, Option 1 the largest test programme. Therefore detailed information is
given first for Options 12 to 7 and then for Options 6 to 1.
The Tables at the end of the document show the reduced test programme for Options 1 to 12, if the
design model of Annex C is used.

Option 12

Goal: Determination of one characteristic load valid for all load directions as well as all concrete

strength classes in non-cracked concrete. This characteristic load is valid for a spacing s 2 s,,
and an edge distance c 2 ¢, .

Applicant's choice:

Scr: Cer

Assessment: The characteristic load is the smallest value assessed from the results of the test according to

rows 1 to 4. For anchor groups the characteristic resistance of the group has to be divided by
the number of anchors of the group. The evaluation shall be done according to Part 1, Chapter
6. The spacing and edge distance shall be chosen such that the requirements given in Part 1,
6.1.2.2.3 for tension loading and the requirements given in Part 1, 6.1.2.2.4 for shear loading
are met. The partial safety factor yo shall be assessed according to Part 1, 6.1.2.2.2.

Applications with spacing s < 5., and edge distance ¢ < c,, are not allowed.

Design: The anchors shall be designed according to design method C in Annex C.
Option 11
Goal: Determination of one characteristic load valid for all load directions for concrete strength

classes C20/25 to C50/60 in non-cracked concrete.

ETAG 001 Annex B
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Applicant's choice, assessment and design:
see Option 12.

The spacing s¢gr and edge distance cgr evaluated for C20/25 are valid for all strength classes
C20/25 to C50/60.
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Option 10

Goal:

Determination of one characteristic load valid for all load directions as well as all concrete
strength classes in non-cracked concrete. The characteristic load is valid for a spacing s 2 s,,

and an edge distance c 2 ¢, .
Determination of sy and ¢y for a reduced characteristic load.

Scr= required distance between anchors for transmission of the characteristic load Fg

under tension, shear or combined tension and shear loading.
Smin= minimum distance between anchors to avoid failure mode "splitting”; reduction of Fpgx

according to design method B in Annex C.
ccr = required edge distance for transmission of the characteristic load Fg, under tension,

shear or combined tension and shear loading.
Cmin= minimum edge distance to avoid failure mode "splitting”, reduction of Fg, according to

design method B in Annex C.

Applicant's choice:

Assessment:

Design:
Option 9

Goal:

Scr and Ccr, Smjn and cmjn

Calculation of the characteristic load from the results of the test according to row 1 taking into
account Part 1,6.1.2.2.1. For the tension test according to row 2 and 3 the characteristic
spacing s, and edge distance ¢ is evaluated according to Part 1, 6.1.2.2.3.

The edge distance c; in the shear tests of row 4 shall be chosen such that the characteristic
failure load for one anchor is at least as high as the above mentioned value evaluated from the
tests of row 1.

The results of test according to row 5 shall fulfil the conditions given in Part 1, 6.1.2.2.5.

The partial safety factor y, shall be assessed according to Part 1, 6.1.2.2.2.

It should be noted that the characteristic edge distance ¢, = 0.5 s, may be larger for shear
loading than for tension loading, if the characteristic load is calculated from the tension tests.
Therefore, if for a characteristic edge distance ¢, and characteristic spacing s, the values
valid for tension loading are chosen, then the characteristic load may be reduced compared to
the value possible for tension loading.

Anchors tested by this Option shall be designed according to the design method B in Annex C.

Determination of one characteristic load valid for all load directions for concrete strength
classes C20/25 to C50/60 in non-cracked concrete.

Applicant's choice, assessment and design:

Option 8

Goal:

see Option 10.

The spacings scr, Smjn and edge distances cgr and ¢y evaluated for C20/25 are valid for all
concrete strength classes C20/25 to C 50/60.

Determination of different characteristic loads for different load directions and different failure
modes which are valid for all concrete strength classes in non-cracked concrete. The spacing
Scr,N and edge distance c¢y, y are valid for the characteristic resistances of the anchor under

tension loading as well as under shear loading with pryout failure. The characteristic shear
resistance for anchors near an edge is evaluated as a function of the edge distance cy. The

spacing S¢r |y and edge distance cpgr |y for shear loading and concrete failure mode is

determined by tests.
Also sy and cq for all failure modes and for a reduced characteristic load are determined.

Applicant’s choise:

Scr,N and ¢ for tension load, s¢, \yand cgy, \/for shear load, spyjn and ¢y
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Assessment:

Design:

Option 7

Goal:

Calculation of the characteristic resistance for all load directions from the results of the test
according to row 1 according to Part 1,6.1.2.2.1. The spacing s¢ y and edge distance c¢r
are evaluated according to Part 1, 6.1.2.2.3. The characteristic resistance for shear loading
near an edge cy and the spacing s¢r y and edge distance cgy |/ are assessed according to
Part 1, 6.1.2.2.4. The results of test according to row 5 shall fulfil the conditions given in Part 1,
6.1.2.2.5. Also the interaction equations shall be assessed.

The partial safety factor yo shall be assessed according to Part 1, 6.1.2.2.2.

Anchors tested by this option shall be designed according to design method A of Annex C.

Determination of different characteristic loads for different load directions and different failure
modes for concrete strength classes C20/25 to C50/60 in non-cracked concrete.
The spacing s¢r \y and edge distance c¢ y are valid for the characteristic resistances of the

anchor under tension loading as well as under shear loading with pryout failure. The
characteristic shear resistance for anchors near an edge is evaluated as a function of the edge
distance c¢¢. The spacing s¢, |y and edge distance c¢y, | for shear loading and concrete failure

mode is determined by tests.
Also smjn and cpjn for all failure modes and for a reduced characteristic load are determined.

Applicant’s choice, assessment and design:

Options 6 to 1

Notes

see Option 8.

The spacings Scr, Smjn and edge distances cgr and ¢y evaluated for C20/25 are valid for all
concrete strength classes C20/25 to C 50/60.

The Options given for anchors for use in non-cracked concrete only are also available for
anchors for use in cracked and non-cracked concrete. In the latter, additional tests are
required with single anchors under tension, shear and combined tension and shear loadings to
deduce the corresponding characteristic failure load in cracked concrete.

Tests in cracked concrete under combined tension and shear loads shall be carried out with
angles of 30°and 60°in order to confirm the interaction diagram.

Spacing and edge distances evaluated for non-cracked concrete are also valid for cracked
concrete.

In the tables the following notes are used:
Note 1

The tests may be omitted, if it can be shown that the condition given in Part 1, 6.1.2.2.5 is
fulfilled.

Note 2

The number of tests may be reduced to 50 %, if the anchor behaviour is within current
experience (see Chapter 3.2).

Note 3
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The number of tests may be reduced to 50 %, if concrete cone failure loads agree with current
experience of single anchors without spacing and edge effects and the edge distance is
chosen as given in Equation (2.6).

Note 4

If concrete cone failure loads of single anchors without spacing and edge effects agree with
current experience and the chosen characteristic spacing corresponds to the value given in
Equation (2.5), then only tests with size "s" are required.

Note 5

Tests may be omitted, if it can be confirmed that the failure loads are equal or higher than
under other loading directions.

Note 6

The value of ¢q shall be chosen so, that failure is caused by concrete failure.

Note 7

The tests may be omitted, if the tests with single anchors at the edge with shear loading
towards the edge show that the failure load of the anchor can be predicted by Equation (2.10),
if appropriate, taking into account additional influencing factors (eg. thickness of concrete
member according to design method A in Annex C, 5.2.3.3).

The values for spacing s \yand cgy, |/ shall be taken from Equations (2.12) and (2.13).

Note 8

The tests may be omitted, if in the tests in concrete members C20/25 failure is caused by
rupture of the steel.

Note 9

The tests may be omitted, if the test results with single anchors in non-cracked concrete are
predictable according to Equation (2.10), if appropriate, taking into account the influence of
concrete member thickness according to design method A in Annex C, 5.2.3.3. A reduction
factor 0,7 can be assumed to be on the safe side for taking into account concrete cracking.

Note 10

If current experience is accepted (see 2.3.3) than only tests with one anchor size are needed.
The embedment depth of this anchor size should be close to but larger than 60 mm. If different
types of anchors of one size are available the stiffest anchor with the highest steel capacity
shall be chosen.

The spacing shall be equal to s = s¢, . However if steel failure occurs than the spacing may

be reduced to the largest value which ensures concrete pryout failure. In this case, the
influence of the spacing on the failure load may be calculated with the factor A_, / AY,
according to the design method A in Annex C.

Note 11

The member thickness shall equal to the minimum value which will be given in the ETA.

Note 12
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The member thickness may be larger than the minimum value which will be given in the ETA.

Note 13

This test series with at least 5 tests per sizes is required only if the anchor has a significantly
reduced section along the length of the bolt or the sleeve of a sleeve type anchor should be
considered or for internal threaded parts.

Note 14

5 tests per sizes are sufficient if a model for all anchor sizes for splitting failure is used
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2 Option 1 Test programme, with the number of required tests
< Failure load of single anchors without spacing and edge effects
direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
c?ncrettﬁ CiompreSSiVe C 20/25 [C50/60 |C20/25 |C50/60 [|C20/25 |C50/60 [C20/25 |C50/60 |[C20/25 [C50/60 |C 20/25 [C50/60 |C 20/25 |C 50/60
strength class
Notes 2,12 2,8,12 2,12 2,8,12 2,12 2,8,12 2,12 2,8,12 2,12 2,8,12 2,12 2,8,12 2,12 2,8,12
S 6 10 10 10 10 10 10 10 10 10 5 5 5 5
1 Size of i 6 10 10 10 10 10 10 10 10 10 5 5 5 5
anchor m 6 10 10 10 10 10 10 10 10 10 5 5 5 5
i 6 10 10 10 10 10 10 10 10 10 5 5 5 5
| 6 10 10 10 10 10 10 10 10 10 5 5 5 5
Spacing, tests with quadruple fastenings without edge effects, s{ = so2 = Scr.N
Notes 4,12 10,12
S 5 5
2 Size of i 5 5
anchor m 5 5
i 5 5
| - -
Edge distance, tests with single anchors without spacing effects, tension test with ¢1 = ¢ = c¢r N, shear test with ¢4, c2 > cerv
Notes 3,11 2,6,12 | 2,6,8,12 | 2,6,9,12
s 8 8 8 8
3 Size of i 8 8 8 8
anchor m 8 8 8 8
i 8 8 8 8
| 8 8 8 8

Spacing and edge distance,

test with double fastenings parallel to the edge, ¢{, Co = Cop s S =2 Cgr vy

Notes 6,7,12
s 8
4 Size of i 8
anchor m 8
i 8
| 8

Minimum spacing and edge

Notes 11
S 10
Size of i 10
anchor m 10
i 10

|

(in general, load application by torque)

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest
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Option 2

Failure load of single anchors without spacing and edge effects

Test programme, with the number of required tests

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
gggﬁrghe gggnspressive C50/60 |C20/25 [C50/60 |[C20/25 | C50/60 |C 20/25 [C50/60 ||C 20/25 |C 50/60 | C20/25 |[C50/60 |C 20/25 |C 50/60
Notes 2,12 2,12 2,12 2,12 2,12 2,12
S 6 10 10 10 10 5 5
Size of i 6 10 10 10 10 5 5
anchor m 6 10 10 10 10 5 5
i 6 10 10 10 10 5 5
| 6 10 10 10 10 5 5

Spacing, tests with quadrupl

e fastenings without edge effects, s1 = sp = s N

Notes 10,12
S 5 5
Size of i 5 5
anchor m 5 5
i 5 5
| - -

Edge distance, tests with single anchor.

s without s

pacing effects, tension test with

= Ccr, N, shear test with

C{,C2 =CcrV

Notes 2,6,12 2,6,9,12
s 8 8 8
Size of i 8 8 8
anchor m 8 8 8
i 8 8 8
| 8 8 8

Spacing and edge distance,

tests with double fast

enings parallel to the

edge, ¢1, €2 =Cer\s S=2Cor v

Notes 6,7,12
s 8
Size of i 8
anchor m 8
i 8
| 8

Notes

Size of

anchor

—__3_o

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

Minimum spacing and edge distance, tests with double fastenings parallel to the edge, s = Smin, €1 = Cmin in C 20/25
(in general, load application by torque)

_ZL_
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Option 3

Test programme, with the required number of tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
gggﬁrghe gggnspressive C20/25 [C50/60 |C20/25 [C50/60 ||C20/25 |C50/60 |C 20/25 [C50/60 ||C20/25 |C 50/60 |C 20/25 |C 50/60 |C 20/25 |C 50/60
Notes 2,12 2,8,12 2,12 2,8,12 5,12 5, 8,12 5,12 5,8,12 5,12 5, 8,12 5,12 5, 8,12
S 6 10 10 10 10 10 10 10 5 5 5 5
Size of i 6 10 10 10 10 10 10 10 5 5 5 5
anchor m 6 10 10 10 10 10 10 10 5 5 5 5
i 6 10 10 10 10 10 10 10 5 5 5 5
| 6 10 10 10 10 10 10 10 5 5 5 5

Spacing, tests with quadrupl

e fastenings without edge effects, s1 = sp = s,

Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -

Edge distance, tests with single anchors without spacing effects, tension test with c1 = co = c¢r
Notes 3,11
S 8
Size of i 8
anchor m 8
i 8
| 8

Spacing and edge distance,

test with double fastenings paral

llel to the edge, ¢4 = Co = Cgy, S =S¢y

Notes 2,11 2,5,8,11
s 8 8
Size of i 8 8
anchor m 8 8
i 8 8
| 8 8

Minimum spacing and edge

Notes 11
S 10
Size of i 10
anchor m 10
i 10

|

(in general, load application by torque)

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

_SL_
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Option 4

Test programme, with the required number of tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
c?ncrettﬁ CiompreSSiVe C 20/25 [C50/60 |C20/25 |C50/60 [|C20/25 |C50/60 [C20/25 |C50/60 |[C20/25 [C50/60 |C 20/25 [C50/60 |C 20/25 |C 50/60
strength class
Notes 2,12 2,12 5,12 5,12 5,12 5,12
S 6 10 10 10 5 5
Size of i 6 10 10 10 5 5
anchor m 6 10 10 10 5 5
i 6 10 10 10 5 5
| 6 10 10 10 5 5
Spacing, tests with quadruple fastenings without edge effects, s = sp = s¢¢
Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -
Edge distance, tests with single anchors without spacing effects, tension test with c1 = co = c¢r
Notes 3,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Spacing and edge distance,

tests with double fast

enings parallel to the

edge, ¢4 = Co =Cgp, S =S¢y

Notes 2,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Notes 11
S 10
Size of i 10
anchor m 10
i 10

|

Minimum spacing and edge distance, tests with double fastenings parallel to the edge, s = Smin, €1 = Cmin in C 20/25

(in general, load application by torque)

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

_-VL_



©  Option 5 Test programme, with the number of required tests
€ Failure load of single anchors without spacing and edge effects
direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
c?ncrettﬁ CiompreSSiVe C 20/25 [C50/60 |C20/25 |C50/60 [|C20/25 |C50/60 [C20/25 |C50/60 |[C20/25 [C50/60 |C 20/25 [C50/60 |C 20/25 |C 50/60
strength class
Notes 2,12 2,8,12 2,12 2,8,12 5,12 5, 8,12 5,12 5,8,12 5,12 5, 8,12 5,12 5, 8,12
s 6 10 10 10 10 10 10 10 5 5 5 5
Size of i 6 10 10 10 10 10 10 10 5 5 5 5
anchor m 6 10 10 10 10 10 10 10 5 5 5 5
i 6 10 10 10 10 10 10 10 5 5 5 5
| 6 10 10 10 10 10 10 10 5 5 5 5
Spacing, tests with quadruple fastenings without edge effects, s = sp = s¢¢
Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -
Edge distance, tests with single anchors without spacing effects, tension test with c1 = co = c¢r
Notes 3,11
s 8
3 Size of i 8
anchor m 8
i 8
| 8
Spacing and edge distance, test with double fastenings parallel to the edge, ¢ = Co = C¢y, S =S¢y
Notes 2,11 2,5,8,11
s 8 8
4 Size of i 8 8
anchor m 8 8
i 8 8
| 8 8

Minimum spacing and edge

Notes 1,11
S 10
Size of i 10
anchor m 10
i 10

|

10

(in general, load application by torque)

distance, tests with double fastenings parallel to the edge, s = s, ¢1 = C¢rin C 20/25

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

-gL-
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Option 6 Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear

45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member

C?ncr’ithe ciompressive C20/25 [C50/60 |C20/25 |C50/60 ||[C20/25 |C50/60 |C20/25 |C50/60 |[C20/25 |C 50/60 |C 20/25 |C50/60 |C 20/25 |C 50/60
strength class

Notes 2,12 2,12 512 5,12 5,12 5,12
s 6 10 10 10 5 5
Size of i 6 10 10 10 5 5
anchor m 6 10 10 10 5 5
i 6 10 10 10 5 5
| 6 10 10 10 5 5

Spacing, tests with quadruple fastenings without edge effects, s = sp = s¢¢

Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -

Edge distance, tests with single anchors without spacing effects, tension test with c1 = co = c¢r

_gl__

Notes 3,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Spacing and edge distance, tests with double fastenings parallel to the edge, c1 = co=C¢, 8 = 8¢

Notes 2,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Minimum spacing and edge distance, tests with double fastenings parallel to the edge, s = sy, ¢1 = ¢ in C 20/25

Notes 1,11 (in general, load application by torque)
S 10
Size of i 10 size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest
anchor m 10
i 10
|

10
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Option 7

Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
gggﬁrghe gggnspressive C20/25 [C50/60 |C20/25 [C50/60 ||C20/25 |C50/60 |C 20/25 [C50/60 ||C20/25 |C 50/60 |C 20/25 |C 50/60 |C 20/25 |C 50/60
Notes 2,12 2,8,12 2,12 2,8,12 2,12 2,8,12
S 6 10 10 10 10 10
Size of i 6 10 10 10 10 10
anchor m 6 10 10 10 10 10
i 6 10 10 10 10 10
| 6 10 10 10 10 10

Spacing, tests with quadrupl

e fastenings without edge effects, s1 = sp = s N

Notes 4,12 10,12
S 5 5
2 Size of i 5 5
anchor m 5 5
i 5 5
| - -

Edge distance, tests with single anchors without spacing effects, tension test with ¢1 = ¢ = c¢r N, shear test with ¢4, c2 > cerv
Notes 3,11 2,6,12 | 2,6,8,12
s 8 8 8
3 Size of i 8 8 8
anchor m 8 8 8
i 8 8 8
| 8 8 8
Spacing and edge distance, test with double fastenings parallel to the edge, ¢4, Co = ¢y \, S =2 Cgr y
Notes 6,7,12
s 8
4 Size of i 8
anchor m 8
i 8
| 8
Minimum spacing and edge distance, tests with double fastenings parallel to the edge, s = Smin, €1 = Cmin in C 20/25
Notes 11 (in general, load application by torque)
S 10
5 Size of i 10 size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest
anchor m 10
i 10
|

_LL_
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Option 8

Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

member

direction of loading tension shear combined tension and shear
45° 30° 60°
condition of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked

gggﬁrgetf Cﬁg;nspressive C 20/25 [C 50/60 |[C 20/25 |C50/60 ||[C20/25 [C50/60 |C20/25 |C50/60 ||C20/25 |C50/60 |C20/25 |C50/60 |C 20/25 |C 50/60
Notes 2,12 2,12 2,12
s 6 10 10
Size of i 6 10 10
anchor m 6 10 10
i 6 10 10
| 6 10 10

Spacing, tests with quadruple fastenings without edge effects, s = sp = sy N

Notes 4,12 10,12
S 5 5
Size of i 5 5
anchor m 5 5
i 5 5
| - -

Edge distance, tests with single anchor.

s without spacing effects, tension test with

C{ = C2 = C¢r, N, shear test with

C{,C2 =CcrV

Notes 3,11 2,6,12
s 8 8
Size of [ 8 8
anchor m 8 8
[ 8 8
I 8 8

Spacing and edge distance, tests with double fastenings parallel to the edge, c1, ¢2 = Cgr \, S = 2 Cgrry

Notes 6,7,12
s 8
Size of i 8
anchor m 8
[ 8
| 8

Minimum spacing and edge

Notes 11
S 10
Size of i 10
anchor m 10
i 10

|

(in general, load application by torque)

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

.8L.
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Option 9

Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
gggﬁrghe gggnspressive C20/25 [C50/60 |C20/25 [C50/60 ||C20/25 |C50/60 |C 20/25 [C50/60 ||C20/25 |C 50/60 |C 20/25 |C 50/60 |C 20/25 |C 50/60
Notes 2,12 2,8,12 5,12 5,8,12
S 6 10 10 10
Size of i 6 10 10 10
anchor m 6 10 10 10
i 6 10 10 10
| 6 10 10 10

Spacing, tests with quadrupl

e fastenings without edge effects, s1 = sp = s,

Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -

Edge distance, tests with single anchors without spacing effects, tension test with c1 = co = c¢r
Notes 3,11
S 8
Size of i 8
anchor m 8
i 8
| 8
Spacing and edge distance, test with double fastenings parallel to the edge, ¢ = Co = C¢y, S =S¢y
Notes 2,11 2,5,8,11
S 8 8
Size of i 8 8
anchor m 8 8
i 8 8
| 8 8

Minimum spacing and edge

Notes 11
S 10
Size of i 10
anchor m 10
i 10

|

(in general, load application by torque)

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

_6L_
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Option 10

Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

direction of loading

tension

shear

combined tension and shear
30°

60°

condition of concrete
member

non-cracked

cracked

cracked

non-cracked

cracked

cracked

concrete compressive
strength class

C 50/60

C 20/25

C 50/60 C 50/60

C 20/25

C 50/60

C 20/25

C 50/60 |C20/25 |C50/60 [C 20/25 |C 50/60

Notes

5,12

Size of
anchor

—__3_o

10

10

10

(][] [e2][e2] o)}

10

10

Spacing, tests with quadrupl

e fastenings without edge effects, s1 = sp = s,

Notes

Size of
anchor

—__.3_o

v [ololjorfon

Edge distance, tests with single anchor.

s without s

pacing effects, tension test with

= Ccr

Notes

Size of
anchor

—__3_o

00| 00| 00| 00|00

Spacing and edge distance,

tests with double fast

enings parallel to the

edge, ¢{ = C2 =Cg¢r, S

= Scr

Notes

Size of

anchor

—__.3_ o

00| 00| 00|00 0o

Notes

Size of

anchor

—__3_o

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

Minimum spacing and edge distance, tests with double fastenings parallel to the edge, S = Smin, €1 = Cmin in C 20/25
(in general, load application by torque)

_02_
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Option 11

Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
c?ncrettﬁ CiompreSSiVe C 20/25 [C50/60 |C20/25 |C50/60 [|C20/25 |C50/60 [C20/25 |C50/60 |[C20/25 [C50/60 |C 20/25 [C50/60 |C 20/25 |C 50/60
strength class
Notes 2,12 2,8,12 5,12 5,8,12
S 6 10 10 10
Size of i 6 10 10 10
anchor m 6 10 10 10
i 6 10 10 10
| 6 10 10 10
Spacing, tests with quadruple fastenings without edge effects, s = sp = s¢¢
Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -
Edge distance, tests with single anchors without spacing effects, tension test with c1 = co = c¢r
Notes 3,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Spacing and edge distance,

test with double fastenings paral

llel to the edge, ¢4 = Co = Cgy, S =S¢y

Notes 2,11 2,5,8,11
s 8 8
Size of i 8 8
anchor m 8 8
i 8 8
| 8 8

Minimum spacing and edge

Notes 1,11
S 10
Size of i 10
anchor m 10
i 10

|

10

distance, tests with double fastenings parallel to the edge, s = sy, €1 = C¢rin C 20/25

(in general, load application by torque)

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

_LZ-
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Option 12

Test programme, with the number of required tests

Failure load of single anchors without spacing and edge effects

direction of loading tension shear combined tension and shear
45° 30° 60°
conditt)ion of concrete non-cracked cracked non-cracked cracked non-cracked cracked cracked
member
gggﬁrgetf 5g;nspressive C 20/25 [C50/60 |C20/25 |C50/60 [|C20/25 |C50/60 [C20/25 |C50/60 |[C20/25 [C50/60 |C 20/25 [C50/60 |C 20/25 |C 50/60
Notes 2,12 5,12
S 6 10
Size of i 6 10
anchor m 6 10
i 6 10
| 6 10

Spacing, tests with quadrupl

e fastenings without edge effects, s1 = sp = s,

Notes 412
S 5
Size of i 5
anchor m 5
i 5
| -

Edge distance, tests with single anchor.

s without spacing effects, tens

ion test with c1 = co = c¢r

Notes 3,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Spacing and edge distance,

test with double fastenings parallel to the edge, ¢4 = Co = Cgy, S =S¢y

Notes 2,11
s 8
Size of i 8
anchor m 8
i 8
| 8

Minimum spacing and edge

Notes 1,11
S 10
Size of i 10
anchor m 10
i 10

|

10

distance, tests with double fastenings parallel to the edge, s = s, ¢1 = C¢rin C 20/25

(in general, load application by torque)

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

_Zz_
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Option 1,3 and 5

Reduced test programme, if the design model of Annex C is used

Failure load of single anchors without spacing and edge effects

direction of loading

tension shear
condition of concrete non-cracked cracked non-cracked cracked
member
concrete compressive C 20/25 | C50/60 |C 20/25 |C50/60 |[C20/25 [C 50/60 |C 20/25 |C 50/60
strength class
Notes 12 8,12 12 12 12,13
S 5 5 5 5 5
1 Size of i 5 5 5 5 5
anchor m 5 5 5 5 5
i 5 5 5 5 5
| 5 5 5 5 5

Edge distance, tests with single anchors without s

Notes

Size of
anchor

—__.3_ o

ENENEN FNEN fuy

Minimum spacing and edge

Notes

11,14

Size of
anchor

—__3_o

agjooifofon

pacing effects, tension test with c1 = ¢2 = c¢r N, shear test with ¢4, c2 > cer,v

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25
(in general, load application by torque)

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest




Option 2, 4 and 6

Reduced test programme, if the design model of Annex C is used

Failure load of single anchors without spacing and edge effects

direction of loading

tension shear

condition of concrete
member

non-cracked cracked non-cracked cracked

concrete compressive C 20/25 [C50/60 |C20/25 |C50/60 |C20/25 |C50/60 |[C20/25 |C 50/60
strength class
Notes 12 12 12,13
s 5 5 5
Size of i 5 5 5
anchor m 5 5 5
i 5 5 5
| 5 5 5

Edge distance, tests with single anchors without s

pacing effects, tension test with c1 = ¢2 = c¢r N, shear test with ¢4, c2 > cer,v

Notes

Size of
anchor

—__3_o

ENFENFNENEN oy

Minimum spacing and edge

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

Notes

11,14

(in general, load application by torque)

Size of
anchor

—__.3_o

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

[$21[$2]1[6;116; 114,




Option 7,9 and 11

Reduced test programme, if the design model of Annex C is used

Failure load of single anchors without spacing and edge effects

direction of loading

tension shear

condition of concrete
member

non-cracked cracked non-cracked cracked

concrete compressive C 20/25 [C50/60 |C20/25 |C50/60 |C20/25 |C50/60 |[C20/25 |C 50/60
strength class
Notes 12 8,12 12,13
s 5 5 5
Size of i 5 5 5
anchor m 5 5 5
i 5 5 5
| 5 5 5

Edge distance, tests with single anchors without spacing effects, tension test with ¢1 = ¢ = c¢r N, shear test with ¢4, c2 2 c¢r,v

—__3_o

Notes 11

4

Size of 4
anchor 4
4

4

Minimum spacing and edge

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

Notes

11,14

(in general, load application by torque)

Size of
anchor

—__.3_o

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

[$21[$2]1[6;116; 114,




Option 8, 10 and 12

Reduced test programme, if the design model of Annex C is used

Failure load of single anchors without spacing and edge effects

direction of loading

tension shear

condition of concrete
member

non-cracked cracked non-cracked cracked

concrete compressive C 20/25 [C 50/60 |[C 20/25 |C50/60 [|[C20/25 [C50/60 |C20/25 |C 50/60
strength class
Notes 12 12,13
S 5 5
Size of i 5 5
anchor m 5 5
i 5 5
| 5 5

Edge distance, tests with single anchors without spacing effects, tension test with ¢1 = ¢ = c¢r N, shear test with ¢4, c2 2 c¢r,v

Notes

Size of
anchor

—__3_o

ENFENFNENEN oy

Minimum spacing and edge

distance, tests with double fastenings parallel to the edge, s = Smin, C{ = Cmin in C 20/25

Notes

11,14

(in general, load application by torque)

Size of
anchor

—__.3_o

size of anchor: s = smallest; i = intermediate; m = medium; i = intermediate; | = largest

[$21[$2]1[6;116; 114,




