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1 Objective and request

The firm of Rawlplug SA. commissioned MFPA Leipzig GmbH on 25. January 2017 to assess the Rawlplug
injection system R-KER I/ with respect to its fire protection properties. The installation situation of the anchor
used to install the injection system in a reinforced concrete base with a one-sided exposure to fire in
accordance with DIN EN 1363-1: 2012-10 [1] was to be considered.

2 Description of the tested construction

The R-KER Il system is a bonded anchor consisting of a cartridge containing the injection mortar R-KER 11,
R-KER II-S (summer version) as well as R-KER II-W (winter version) and a steel part. It uses the bonding
effect between steel, composite mortar and concrete to anchor loads in the base.

The system should be used under predominantly static or quasi-static load in reinforced or un-reinforced
normal concrete of strength class > C 20/25 and < C 50/60 in accordance with DIN EN 206-1: 2000-12 [2].

No further description of the injection system will be provided here and reference is made to the European
Technical Assessment ETA-17/0594.

3 Fire protection assessment concept

In the present fire protection assessment concept, the aforementioned system is assessed with respect to
its fire protection properties as anchor applications (cf. Fig. 1) in walls and boards. It is conservative
assumed that the anchor is installed vertical to the concrete surface exposed to fire and that the fire load is
in accordance with the standard temperature-time e (ETK) acc. to DIN EN 1363-1: 2012-10 [1]. That
means a section of the steel part will be expose he thermal stress so that there will be a faster

— N

- Rebar

Injection mortar

Fig. 1: Anchor use
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The assessment is carried out in dependence on EAD 330232-00-0601: 2016-10 [3]. A differentiation is
generally made between the following types of failure when investigating the load-bearing behaviour of
fastenings in the event of a fire in accordance with EAD 330232-00-0601: 2016-10 [3]:

Steel failure: failure between the component and metallic anchor (e.g. at
the nut) or steel breakage outside the concrete.

Pull-out from the concrete: loss of the mechanical load-bearing effect
between the anchor and concrete.

Concrete cone failure: cone-shaped breakage of the concrete.

All three types of failure, namely steel failure (a), pull-out from the concrete (b), and concrete cone failure
(c), will be considered. The characteristic tension strength results from the smallest value of the three types
of failure (under exposure to fire).

3.1 Determining the steel failure values under fire exposure

At MFPA Leipzig tests were carried out to determine steel failure of the injection system Rawlplug R-KER II.
Test setup and results can be taken from the test report PB 3.2/16-369-1 [4]. The test evaluation for steel
failure was carried out according to EAD 330232-00-0601: 2016-10 [3]. A graphical analysis of the test
results is given in Enclosure 2 for threaded rods and in Enclosure 3 rebars.

To determine the characteristic tension stress the values for M8, M12, M16 and M24 were interpreted based
on the test results. The values for M10 and M20 result from the interpolation of the values for M8 and M12
and M16 and M24 respectively based on the steel cross section. For anchors > M24 the tension of the
cross section size M24 was used.

Because the rebars used as anchors have other diameters and another steel quality a separate test series
and therefore evaluation of the results took place. For rebars the characteristic tension stress for @ 8, @ 12
and @ 16 were interpreted based on the test results. @ 10 and @ 14 were interpolated and for anchors
> (& 16 the tension of the cross section for @ 16 was used.

On this basis, the following characteristic values for stressing under centric tension cap-b

as anchor. To design also the characteristic steel stress under normal temperature
the smaller stress is decisive.

Table 1 Characteristic tension resistance for electrogalvanised threaded rods in minimury stre

Size of threaded rod M8 MIO | M12 | M16 | mM20
Emgzgme"t het mm] | 290 290 | 2100 | 2120 | =120
30min | Nrksieo | [KN] 107 | 157 | 208 | 492 | 844 | 1349 | 2144
60min | Nresieo | [KN] | 082 | 126 | 178 | 397 | 654 | 1004 | 1596
90min | Nmksieoy | [kN] | 057 | 084 | 144 | 301 464 | 660 | 1049
120min | Nresszo) | [kN] | 045 | 079 120 | 253 | 370 | 488 | 7.75
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Table 2 Characteristic tension resistance for rebars as anchors with minimum steel strength 500 N/mm?
Size of rebar o8 g10 @12 g 14 g16 g20 325 32
Emg:g{:e“t het [mm] | 290 | 290 | 2100 | 2110 | 2120 | =140 | =170 | 2190
30 min NRk s,fi(30) [kN] 0.77 1.21 1.54 3.21 5.96 7.82 16.28 | 27.81
60 min Nrksfigoy | [kN] 0.51 0.84 1.15 2.36 435 5.70 11.87 | 20.28
90 min NRrksfigoy | [kN] 0.25 0.47 0.76 1.51 2.73 3.58 7.46 12.75
120 min | NRksfi(120) | [KN] 012 | 028 0.56 1.09 1.93 | 2.52 5.26 8.98

3.2 Determining the pull-out resistance

For lower embedment than the ones given in Table 1 and Table 2, the chance to have pull-out failure rises.
So to determine pull-out failure of the injection system Rawlplug R-KER Il tests similar to the steel failure
tests were carried out at MFPA Leipzig with the minimum embedment depth. Test setup and results can be
taken from the test report PB 3.2/16-369-1 [4]. A graphic presentation of the test results is given in
Enclosure 4.

To determine the mean bond stress the values for M8, M12, M16 and M24 were interpreted based on the
test results. The values for M10 and M20 result from the interpolation of the values for M8 and M12 and
M16 and M24 respectively based on the bond area. For anchors > M24 the tension of the cross section
size M24 was used.

On this basis, the following characteristic values for stressing under centric tension can be given for the
injection system R-KER Il (Table 3) with minimum embedment depths.

Table 3  Characteristic bond resistance for electrogalvanised threaded rods in strength class 5.8 with minimum
embedment

Size of threaded rod M8 M10 M12 M16 M20 M24 M30

Emg:gme"‘ he (i | [mm] 60 60 60 64 80 96 120

30 min NRk.p.fi(30) [kN] 0.65 0.77 0.88 1.50 3.16 6.00 9.38

60 min E NRk p,fi(60) [kN] 0.50 0.58 0.64 1.00 2.03 3.75 5.86

90 min NRkp.i(90) [kN] 0.35 0.38 0.40 0.50 1.2_9 2.75 4.30
120min | Nrepsizoy | [KN] | 027 | 029 | 028 - - - -

The loads for the minimum embedment depth were conservatively chosen in dependence on the test results
and the EAD 330232-00-0601: 2016-10 [3]. Values for embedment depths between the minimum and the
one for steel failure according to Table 1 can be interpolated.

In case of the rebars, only few exploratory test were carried out to evaluate the bond resistance compared
to threaded rods of the same size (see [4]). Since the test results are in the same region as the results for
threaded rods but not in every case on the safe side, the results determined for threaded rods (see Table 3)
may be used for rebars with slightly increased values her miny to generate additional
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Table 4  Characteristic bond resistance for rebars as anchors with minimum steel strength 500 N/mm? and minimum

embedment
Size of rebar a8 @10 Z12 214 @16 @20 @ 25 @32
|
Embed t
md:ptr;:en Ref (min) [mm] 80 80 80 | 80 80 100 120 140

30min | Necssao | [KN] | 065 | 077 | 088 | 119 | 150 | 316 | 600 | 9.38
60min | Neesseoy | [kN] | 0.50 | 058 | 064 | 082 | 100 | 203 | 375 | 586
90min | Nressey | [KN] | 035 | 038 | 040 | 045 | 050 | 129 | 275 | 430 |
120min | Nesnooo | [KN] | 027 | 028 | 0.28 i A - -

3.3 Concrete cone failure

A simplified calculation method can be used to determine the resistance to concrete cone failure in
accordance with TR 020: 2004-05 [5]. The following applies for exposure to fire for up to 90 minutes:

0 _ her 0
NRkcfioo) = 350 XNrke < NRie

The following applies for exposure to fire for 120 minutes:

0 - het 0 0
NRkcfii20) = 08X = XNppe < Npyc
Whereby:
Ngk,c'ﬁ(go /120) The characteristic resistance of a single anchor not influenced by neighbouring anchors

or component edges and exposure to fire for up to 90 minutes (<R 90) and up to
120 minutes (< R 120) against concrete cone failure in concrete C20/25 to C50/60

het Effective anchoring depth in mm

Ngk’c Characteristic resistance of a single anchor against concrete cone failure in cracked
concrete C20/25 under normal temperature

4 Fire protection assessment concept

To prove that the anchor can resist an exposure under fire, the design value of influence under fire exposure
has to be smaller than or equal to the design value of resistance under fire exposurg:- value of
resistance under fire exposure is calculated as follows:

Raficy = Rificy / Ymh
Whereby:
Rd_ﬁ(t) Design value of resistance under fire exposure,
Rifiy  Characteristic resistance under fire exposure
= min (Nrisicty - Nrip,fico : NRioesicey) Mit
Nrissicry Characteristic resistance in case of steel failure (see section 3.1)
Nripsiy Characteristic resistance in case of pull-out failure (see section 0) and

Ngk’qﬁ(t) Characteristic resistance in case of concrete cone failure (see section 3.3) as well as

YM, fi Unless other regulations exist, the partial safety factor for resistance under fire exposure yy ; =
1,0 can be assumed.
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To identify the design value of resistance under fire exposure, the tree possible types of failure mentioned
in part 3 — steel failure, pull-out-failure and concrete-cone failure — have to be explored.

¢ The maximum resistance against steel failure were already identified in part 3.1.
¢ The calculation of the values for pull-out resistance is given in part 3.2.

¢ Resistance against concrete cone failure can be calculated according to the simplified design
method of part 3.3.

The characteristic tension strength results from the smallest value of the three types of failure under
exposure to fire.

5 Scope

The assessment above applies for the Rawlplug injection system R-KER Il as anchor use in concrete when
installed in accordance with the installation regulations of ETA-17/0594. The rods can be used in the sizes
M8 to M30 and for fire-resistance periods of 30 minutes to 120 minutes. The rebars can be used in the
sizes 8 mm to 32 mm.

The values quoted apply for threaded rods of electrogalvanised steel from strength classes 5.8 as well as
for rebars with a steel strength 500 N/mm?2. Interim values may be interpolated. An extrapolation is not
allowed.

A transfer of the values to steel with a higher strength class or stainless steel is possible.

The puil-out resistances quoted in Table 3 and Table 4 apply for the Rawlplug injection system R-KER Il
and use in uncracked concrete. The quoted values have to be reduced by the safety factor 0.75 for
installation in cracked concrete.

The characteristic tension strength for a single anchor subjected to tension under fire exposure results from
the smallest value of the three types of failure (steel failure, pull-out failure and concrete cone failure).

The quoted loads apply for the stress directions central tension, lateral tension and diagonal tension at
every angle. For shear load the resistances for concrete pry-out failure and concrete edge failure can be
assessed in accordance with CEN/TS 1992-4-1: 2009 Appendix D.

The assessment applies in general to a one-sided fire loading of the structural elements. In the event of a
fire loading on several sides, the verification procedure can only be applied if the edge distance of the
anchor is ¢ =2 300 mm and 2 2 her.

This advisory opinion only applies from a technical fire protection point of view. Other requirements,
especially concerning statics with normal temperature, should be considered.

Further parameters (geometry, shell spalling, eccentricity, location in the component and other factors) may
have to be taken into account separately.

The assessment only applies in combination with reinforced concrete ceilings of strength class > C 20/25
and < C 50/60 according to DIN EN 206-1; 2000-12 [2], that can be classified in at least the fire-resistance
class corresponding to that of the anchors. in addition, the notes contained in DIN EN 1992-1-2: 2010-12
[6] (see section 4.5) on the avoidance of concrete spalling also apply. According)e isture content
must be less than three (or four according to the National Annex) -% by wei %‘3 EP ;% :

- \

Leipzig GmbH

"'___,__.--- \'1 |
g o2 | /
\ | $&° 8800 /,i‘j
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This document does not replace a certificate of conformity or suitability according to national and European
building codes.

Leipzig, 29 October 2018

SPLF

Diplﬁng. S. Hauswaldt

Head of Business Division

Sarwes

Dipl.-Ing. S. Bauer
Testing Engineer
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Enclosure 2  Graphical analysis of steel failure according to EAD 330232-00-0601: 2016-10 [4] for
threaded rods

Enclosure 3  Graphical analysis of steel failure according to EAD 330232-00-0601: 2016-10 [4] for rebars
as anchors
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[1] DIN EN 1363-1: 2012-10 Fire resistance tests - Part 1: General Requirements

[2] DIN EN 206-1: 2000-12 Concrete - Specification, performance, production and conformity
[3] EAD 330232-00-0601: 2016-10 Mechanical fasteners for use in concrete

[4] Test report PB 3.2/16-369-1 Rawlplug bonded anchor R-KER Il - Test according to EAD
330232-00-0601 (October 2016) to determine the characteristic steel strength under tensile load
under thermal exposure, MFPA Leipzig GmbH: 4. August 2017, RAWLPLUG S.A.

[5] TR 020: 2004-05 Evaluation of Anchorages in Concrete concerning Resistance to Fire

[6] DIN EN 1992-1-2: 2010-12 Eurocode 2: Design of concrete structures - Part 1-2: General rules -
Structural fire design
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Enclosure 1 Installation parameters of R-KER I
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Table A.1 Installation parameters for threaded rods

Size M8 M10 M12 M1é M20 M24 M30
Diameter of anchor rod d [mm] 8 10 12 16 20 24 30
Nominal drilling diameter do [mm] 10 12 14 18 24 28 35
fli/lammum diameter hole in the dr [mm] 9 12 14 18 29 26 32
ixture
Depth of the drilling hole ho [mm] hef + 5mm
Minimum thickness of the ' . .
concrete member hmin [Mm] hef + 30mm; =2 100mm hef + 2*do
Torque moment Tinst [Nm] 10 20 40 80 120 ! 160 ‘ 200
Minimum spacing Smin [Mm] 0,5*her 2 40mm

Minimum edge distance Cmin [mm] 0,5*her 2 40mm m
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Table A.2 Installation parameters for rebars as anchors
_' Size 8 | o0 | @12 | o14 | @16 | @20 | @25 | @32
Nominal diameter | d
of anchor rod (mm] 8 10 12 14 16 20 25 32
Minimum diameter d
of threaded and (] 5.8 7.8 9.8 11.8 13.8 15.8 22.8 29.8
- . do
Drilling diameter (mm] 12 14 18 18 22 26 35 40
Maximum diameter dr
hole in the fixture [mm] s 12 14 | 16 18 22 26 32
Depth of the drilling ho
hole [mm] her + 5mm
Minimum thickness b
of the concrete [ mm':] hef + 30mm; 2 100mm her + 2*do
member
Torque moment [E'r]::] 10 20 40 40 80 120 160 200
Minimum spacing [rsnmrrll 0,5*her = 40mm
Minimum edge Crmin 0,5*her = 40mm
distance [mm]
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Enclosure 2 Graphical analysis of steel failure according to EAD 330232-00-0601: 2016-10 [4] for
threaded rods

Diagram A2.1 Graphical analysis of the threaded rod M8x90 mm
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Diagram A2.2 Graphical analysis of the threaded rod M12x100 mm
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Diagram A2.3

Load in kN
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Diagram A2.4
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Graphical analysis of the threaded rod M16x120 mm
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Graphical analysis of the threaded rod M24x130 mm
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Enclosure 3

Diagram A3.1

Load in kN

Diagram A3.2
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Graphical analysis of steel failure according to EAD 330232-00-0601: 2016-10 [4] for

rebars as anchors
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Graphical analysis of the rebar @ 12x100 mm
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Diagram A3.3

Load in kN
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Graphical analysis of the rebar @ 16x120 mm
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Enclosure 4 Graphical analysis of the test results with minimum embedment depth

Diagram A4.1 Graphical analysis of the test results for M8x60 mm
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Diagram A4.2  Graphical analysis of the test results for M12x60 mm

¢ Measured values M12x60

¢ Rebar 12x60
——Regression curve
—-—Extrapolation line

A F.fi(30)

Load in kN

04 -
0,40
02
0,0 : . .
0 10 20 30 40 50 60 70 80 90 100 [ 160 180

Fire resistance in minutes



[ ] Structural Fire Protection 29 October 2018 Page 2 of 2

MFPA Leipzig GmbH GS 3.2/16-369-4-r1 Enclosure 4

Diagram A4.3  Graphical analysis of the test results for M16x64 mm
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Diagram A4.4  Graphical analysis of the test results for M24x96 mm
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