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Topic

When subjected to fire conditions, construction elements performances are reduced by the effect of the
temperature increase. At the fischer company request, CSTB has performed a study aimed at the
evaluation of the fire behaviour of the fischer injection system EB Il used in conjunction with concrete
reinforcing bars (d 8 to 32 mm).

The present study is aimed at supplying data for the design of the injection anchoring system when
exposed to fire. This report presents values of bond capacities and load capacities respectively for an
overlap joint application and for an anchorage application using the mortar product injection system EB

WARNING

This report does not deal with the mechanical design at ambient temperature; neither does it deal
with the design according to other accidental solicitations. Design at ambient temperature shall be
carried out before fire design.
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4. Background
4.1.

Fire design is performed with three steps:

Fire design method

1) First, an experimental program of pull-out tests at high temperatures (test series 18 according to EAD
330087-01-0601 [1]) is carried out to determine the relationship between bond strength and
temperature [2]. This relationship is then expressed by a temperature reduction factor 0 < kf;(6) <1
which describes the decrease of resistance of the bond system (see Section 5).

2) Secondly, a thermal calculation using the method described in EN 1991-1-2, Section 3 [3] is
performed to determine the temperature distribution along the post-installed rebar for each fire
duration and for a given structural configuration.

3) Finally, at each time during the exposure to fire conditions, the values of bond strength are determined
along the post-installed rebar. For the anchor application, the bond resistance is calculated by
integrating the bond resistances along the embedded depth.

Figure 4-1 presents the steps of the fire design method and the corresponding sections of the report.

Ambient High temperature Temperature calculations along the bond
temperature evaluation
evaluation
fbapir fbevs.0 OVERLAP JOINT ANCHOR
20°C design bond Experimental bond (Slab-Slab (Beam-Wall
strength strength vs. connection) connection)
temperature Section 6.1 Section 7.1
relationship
Section 5.1
kysi(6)
Temperature
reduction factor
Section 5.2
_ \ 4 \4

RESULTS

fbd,fi at R30 to R240
Bond strength under
fire conditions
Section 6.2
Annex 1

NRd,fi at R30 to
R240
Bond resistance under
fire conditions
Section 7.2
Annex 2

Figure 4-1: Used method for fire design of post-installed rebars

The design covers two structural uses of post-installed rebars in concrete (Figure 4-2): i) the overlap joint
application and ii) the anchor application.
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i. In the overlap joint application for a slab-slab configuration where the lower surface is exposed to fire
conditions, the temperature is uniform. The bond resistance is uniform along the embedment depth
and depends on the concrete cover and the duration of the fire (Section 6.2).

il In the anchor application for a beam-wall configuration where at least one side of the wall is exposed
to fire, the temperature along the embedment depth (inside the wall) is not uniform. This leads to
different bond strength values and the bond resistance of the connection is calculated by integration
of the bond resistances along the segments of the rebar (Section 7.2).

Overlap joint Anchor

(Slab-Slab connection) (Beam-Wall connection)

oncrete wall
—
o ) Concrete slab BT
Sealirig injected resin-, [ @ B Concrete slak
4
a “ a )

\ laa o

a \ <
/‘, g a, N \ a B / <
Y a < a

Yoo e Ty B . A
= ——r. | F Ry SF

/ y \ / Select injected s, s
Steel bar Concrete covering resin — ‘.

thickness

Steel bar

Figure 4-2: Sketches of a Slab-Slab connection (left) and of a Beam-Wall connection (right)

4.2. Scope of application

The values of bond strength and bond resistance presented in this report are applicable for given
parameters: Concrete class, structural configuration, fire duration, bar diameter, bond length, concrete
cover and maximum temperatures. The result tables are provided in annexes 1 and 2.

i Concrete class

The fire evaluation is applicable for C20/25 concrete. According to the EAD [1], the design bond strength
for a cast-in rebar in C20/25 concrete is f4 p;r = 2.30 N/mm? for bar diameters between 8 and 32 mm.

ii. Structural configuration

Fire design covers slab-slab and beam-wall configurations for beams with a width higher than 40 cm. The
bond strength of the slab-slab configuration SHALL NOT be applied to a beam-beam configuration.

iii. Fire duration

The bond strength and bond resistance values are provided for 30, 60, 90, 120, 180 and 240 min of
exposure to standard ISO 834-1 fire conditions. The thermal loading is calculated using the method
described in EN 1991-1-2, Section 3 [3].

iv. Bar diameter

The fire design covers steel rebars with diameters of 8, 10, 12, 14, 16, 20, 25, 28 and 32 mm with a yield
strength of £, = 500 N/mm?.

V. Anchorage length

For the slab-slab configuration, the bond strength values are provided. The calculation of the anchorage
length shall be carried out in accordance with EN 1992-1-1, Section 8 [4].

For the beam-wall connection, the load capacities are calculated for lengths between the minimum length
Iy min @nd the maximum anchorage length conditioned by the yielding of steel. The minimum anchorage
length I, ,,.; is calculated in accordance with EN 1992-1-1, Section 8 [4] (see equation below).

Uiimin = lpmin = max(0,3 * I rqq; 10 - d; 100 mm)

Where:

lprqa s the basic required anchorage length

CSTB Evaluation report No. SMP AI21FISCHQ-04529 D / fischer injection system EB Il
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Vi.

Vii.

l 4. _9sa_ _d _ [y

brad =4 ¢ bd,PIR 4 Vs-fbdPIR

Where:

fyk =500 N/mm? is the characteristic steel yield strength of the rebar
A = 1,15 is the partial safety factor for steel

feapir = 2,3 N/mmzis the design bond strength in C20/25 concrete

d = the diameter of the rebar

=L (3

Where:

fyk =500 N/mm? is the characteristic steel yield strength of the rebar
Ngg = the design steel strength of the rebar

A = 1,15 is the partial safety factor for steel

d = the diameter of the rebar

Table 4-1 presents the minimum anchorage length and steel yield strength values.

Rebar diameter [mm] 8 10 12 14 16 20 25 28 32
Required anchorage length [, 44 [mm] | 290 | 362 | 435 | 507 | 580 725 906 1014 | 1159
Minimum anchorage length I ., [mm] | 100 | 109 | 130 | 152 | 174 217 272 304 348
Design yield strength of the steel rebar [kN] | 16,8 | 26,2 | 37,7 | 51,3 | 67,0 | 104,7 | 163,6 | 205,3 | 268,1

Table 4-1: Minimum anchorage length and steel strength
Concrete cover

Choice of the concrete cover shall be carried out in accordance with EN 1992-1-1, Section 4 [4]. In this
evaluation, concrete cover is only considered for the thermal protection it brings to the rebar.

For the slab-slab configuration, bond strength values are provided for different concrete covers starting
at 40 mm.

For the beam-wall connection, the concrete cover in the beam influences the temperature distribution
along the rebar in the thickness of the wall. The bond resistance values are provided for concrete covers
inside the beam of 10, 20, 30 and 40 mm. Results are only provided for concrete covers larger than the
diameter of the bar in accordance with EN 1992-1-1, Section 4 [4].

Maximum temperatures

In accordance with EN 1992-1-2, Section 5 [5], steel resistance remains constant between 20°C and
350°C for bar laminated at high temperature. Therefore, resistances are only considered along the parts
of the bond below 350°C. Furthermore, the resistance is considered equal to zero above the temperature
O.max (described in Section 5.1) linked to the mortar behavior.

5. Bond strength vs. temperature relationship
5.1. Experimental bond strength

A pull-out test campaign was carried out at high temperature on a minimum of 20 samples using rebars
with a diameter of 12 mm and an embedment depth of 120 mm (test series 18 according to EAD 330087-
01-0601 [1]). The test procedure and results of this campaign are described in the test report [2]. The
installation was conducted according to the Manufacturer’s Printed Installation Instructions (MPII) using
hammer drilling with carbide drill bit (nominal drill bit diameter = 16 mm) set in rotation hammer mode and
manual cleaning using only the fischer blow out pump AB G: blowing twice, brushing twice (steel brush
diameter = 20 mm) and blowing twice. Injection of the mortar was conducted without extension tube after
placing the cartridge in a manual dispenser. The evalution of these tests is reported in [6].

CSTB Evaluation report No. SMP AI21FISCHQ-04529 D / fischer injection system EB Il
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The experimental bond strength values f;,, are determined directly from the applied load Ny, using the
following equation.

for = N:es:_(o,OS)""‘
bt ™ ran, \fg

Where:
fo, is the bond strength

Nees: IS the applied load during the heating

d is the bar diameter
L, is the embedment length
fr is the relative rib area of the tested rebar according to EN ISO 15630-1, see report [7]

For the fischer injection system EB I, the a, b and 9,,,,,, parameters are presented in Table 5-2.

The load values were chosen during the test campaign to ensure that the maximum distance between
two data points was lower than 1,0 N/mm?2 and lower than 50°C between two neighboring data points.
Figure 5-1 presents the experimental bond strength vs. temperature. A power trend curve is used to best
describe the bond strength vs. temperature relationship analytically using the fallowing equation (see
justification in Table 5-1).

Trend curve Equation cv
Power trend fom(@) =a-07" 35,27%
Exponential trend fom(@) =a-e 60,78%

Table 5-1: Justification for choice of trend curve

fom(@) =a- 67"

Where:

fom(0) is the mean bond strength at the temperature 8 (in N/mm2)
0 is the temperature of the bond

aandb are the power fitting curve constants

The maximum temperature reached during the tests is identified as 6,,,,. For the fischer injection system
EB Il, 6,4, Was calculated as the mean of the maximum three tested temperatures.

12

[EnY
o

(o]

Bond strength (MPa)
[e)}

4 fom(6) = 39924672134
2 ........
N
o 50 100 150 200 250

Temperature (°C)
----- CIR limit ~ --------- Power (PIR)

Figure 5-1: Bond strength vs. temperature relationship
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For the injection system EB 1 injection system, the a, b and 9,,,,, parameters are presented in Table 5-2.

fpm(0) parameters

a 39924
b 2,134
O ,max 200°C

Table 5-2: Parameters of the mean bond strength vs. temperature curve

5.2. Temperature reduction factor

The temperature reduction factor k;(8) is determined from the fitted curve f,,,,(9) to describe the variation
of bond strength with temperature. It is calculated using the following equations.

ki (0) = Lm0 < 1 for 20°C <60 < Opas

fba,pIr43
kei(8) =0 for 6> Opqn
Where:
k¢ (0) = temperature reduction factor
fom(6) = the mean bond strength at the temperature 6
fvarir = 2,3 N/mmz2 for C20/25
0 = the temperature of the bond
Omax = maximum temperature measured during the tests

Figure 5-2 presents the variation of the temperature reduction factor vs. temperature for the fischer
injection system EB II.

No extrapolation beyond test temperatures is allowed. For temperatures higher than the maximum
measured temperature during the tests (6,,4,), the reduction factor k;(6) is equal to zero.

Temperature reduction factor
1,0

0,8

0,6

Kq(6)

kr(8) = 4006,2-62.132
04 1 @,=49°C

0.2
6, = 200°C

0,0

0 50 100 150 200 250
Temperature (°C)

Figure 5-2: Temperature reduction factor kg;(8) vs. temperature 8
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6. Overlap joint application
6.1. Temperature fields

The knowledge of the fire behaviour of traditional concrete structures to assess the temperature
distribution for every fire duration by modeling the thermal exchanges inside concrete elements. The
temperature profile depends on the configuration of the connection: slab-slab or beam-wall. These
temperatures are calculated using the finite element method in accordance with EN 1991-1-2, Section 3
[3] with the CAST3M software.

At the initial time (t=0) every element temperature is supposed equal to 20°C.

The fire is modeled by a heat flux on the boundaries of the structure. The standard temperature-time
curve is used for the temperature analysis at the fire exposed surfaces (EN 1991-1-2, Section 3 [3]).

8, = 20 + 345log, (8t + 1)

Where:
0y is the gas temperature in the fire compartment
t is the time (min)

On the boundaries, the net heat flux ,,, should be determined by considering heat transfer by convection
and radiation as:

Pnet = hnet,c + hnet,r (W/m3),
Where:

convective heat flux: Apere = a; - (8, — 6m) (W/m?2),
radiative heat flux: Ry, = ¢ - &y & - 0 (65 — 6;3) (W/m?2).
Where:

¢ is the configuration factor (= 1,0)

Em is the emissivity of the concrete member (= 0,7)

& is the emissivity of the fire (= 1,0)

o is the Stefan Boltzmann constant (= 5,67-108 W/m2K#)
0, is the surface temperature of the member (°C)

0, is the effective radiation temperature of the fire (°C)

a, is the coefficient of heat transfer by convection (= 25 W/m2K for the fire exposed surfaces; = 4 for

the unexposed surfaces)

In this study, only concrete is considered in the thermal calculation (EN 1992-1-2, Section 4 [5]). The
concrete thermal properties are provided by EN 1992-1-2, Section 3 [5]. The variations of thermal
conductivity, mass density and specific heat are represented in Figure 6-1. The peak of the specific heat
corresponds to a concrete having a water percentage of 1,5% in accordance with EN 1992-1-2, Annex A

[5].

25 2350 c te densi 2250
- oncrete density Concrete specific heat
Concrete thermal conductivity 2000
2300

- 2 1750
E 2250 =3

E o B 1500
15 £ 200 s

> x « 1250
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€ a © 750
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w

05 500
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0 200 400 600 800 1000 1200

Temperature (°C) Temperature (°C)

Temperature (°C)
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Figure 6-1: Variations of thermal conductivity, density and specific heat of concrete according to
EN 1992-1-2 [5]

For a slab-slab connection (Figure 4-2), the thermal calculation is carried out on a two-dimensional mesh
by applying the fire heat flux as boundary condition on the lower surface. No boundary condition at 20°C
is applied on the upper surface to be conservative.

The isotherms are horizontal implying that the temperature is uniform along the bonding interface and
equal to the temperature in a slab at a depth equivalent to the concrete cover. Figure 6-2 presents the
temperature versus concrete cover at 0, 30, 60, 90, 120, 180 and 240 min during an 1ISO 834-1 fire. The
same temperature curves are provided in EN 1992-1-2, Annex A [5].

“|'500 mm

Temperature vs. depth in a slab of an 1ISO 834-1 [ [ ]
1200 fire [ [ [ ] _VAL - ISC

BRI |
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1000 I O I — Tooames
I ’

I o o — 1028403
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Figure 6-2. Temperature vs. concrete cover temperature at 0, 30, 60, 90, 120, 180 and 240 min
during an ISO 834-1 fire

6.2. Design bond strength

From the temperature curves (Section 6.1, Figure 6-2) and the temperature reduction factor k;(6)
(Section 5.2, Error! Reference source not found.), the values of the design bond strength f,, (; are d
etermined using the following equation.

foai(0) = kei(0) * foapir* Ve/Ymsi

Where:

foa,ri(0) is the design bond strength that depends on temperature

fvarir = 2,3 for C20/25 concrete is the design bond strength at 20°C

Y fi = 1,0 is the partial safety factor for concrete in fire design

Ye = 1,5 is the partial safety factor for concrete at ultimate state for persistent & transient
design situations

k¢ (0) is the temperature reduction factor

Annex 1 presents values of the design bond strength for different concrete covers at 30, 60, 90, 120,
180 and 240 min during an ISO 834-1 fire.

The partial safety factor for concrete in fire design is equal to 1,0 according to EN 1992-1-2, Section 2 [5],
while the partial safety factor for concrete at ultimate state for persistent & transient design situations is
equal to 1,5. This leads to obtaining higher values of bond resistances at the beginning of a fire in fire
design in comparison to ambient temperature design for the same rebar geometry. Design at ambient
temperature shall be carried out before fire design.

CSTB Evaluation report No. SMP AI21FISCHQ-04529 D / fischer injection system EB Il
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7. Anchor application (beam-wall connection)

7.1. Temperature fields

For a beam-wall connection (Figure 4-2) where the post-installed rebar is installed inside the wall, where
temperature gradient exists along the thickness of the wall. The temperature along the embedment depth
is not uniform and depends on the fire duration. Therefore, the temperature profiles along the embedment
depth are determined for each fire duration, for each embedment length and for the concrete cover inside
the beam of 10, 20, 30 and 40 mm.

A three-dimensional mesh was used. Due to symmetry considerations only half of the structure is meshed
(Figure 7-1). The same calculation parameters (material thermal and physical properties, standard
temperature-time curve, convective and radiative heat fluxes) as the ones described in Section 6.1 are
applied.

The boundary conditions are:

¢ Onthe lower and lateral sides of the beam: convection and radiation of the ISO 834-1 fire are applied
to the elements.

e On the side of the wall where the beam is connected: convection and radiation of the ISO 834-1 fire
are applied to the elements.

¢ No heat exchange condition is applied on the other sides (adiabatic surfaces).

Beam height

Figure 7-1: Used mesh for thermal calculations for the beam-wall connection

Figure 7-2 presents the calculated thermal fields at 30, 90 and 240 min. The geometry of the mesh of the
beam used for calculations is taken large enough so that the isotherms at 240 min of heating are parallel
to the concrete surfaces (Figure 7-2). This implies that the same temperature profiles along the
embedment depth of the post-installed rebar would be obtained for larger and higher beams. The beam
height was equal to 300 mm and the beam width was equal to 400 mm.

CSTB Evaluation report No. SMP AI21FISCHQ-04529 D / fischer injection system EB Il
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Figure 7-2: Temperature fields at 30, 90 and 240 min during an ISO 834-1 fire for the beam-wall
connection
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7.2. Design bond resistances

From the calculated temperature profiles and from the temperature reduction factor k;(8) (Section 5.2,
Error! Reference source not found.), the values of design load capacities Ngy f;r. are determined by i
ntegration of the design bond resistances.

l'U (4 l'li
NRd,fi =m-d- fo fbd,fi(e(x)) rdx=m-d- fbd,PIR #ﬂ ’ fo kfi(e(x)) ~dx

Where:

Nga i is the design bond resistance at a given time during the fire

foapir = 2,3 for C20/25 concrete is the design bond strength at 20°C

Y fi = 1,0 is the partial safety factor for concrete in fire design

Ye = 1,5 is the partial safety factor for concrete at ultimate state for persistent & transient
design situations

k¢ (0) is the temperature reduction factor

l, is the embedment depth of the post-installed rebar

The integration is performed by finite differences using the following equation.
Neasi =T+ d " fpapir #Cﬂ f)” ki (6;) - Ax

For the calculation, the value of Ax was taken equal to 10 mm and the maximum temperature reduction
factor kg;(6;) on the length of Ax was taken into account.

Figure 7-3 presents a general example (not from the injection system EB 1 mortar) of the calculation of
the design bond resistance by integration of f;,4 (;(6) on a bond length of 250 mm by using the temperature
profile along the bond at 120 min during an ISO 834-1 fire with a concrete cover of 20 mm in the beam.

foa;n vS. depth for an ISO 834-1 fire for a beam-wall connection

Temperature vs. depth for an 1SO 834-1 fire for a beam-wall connection (concrete cover = 20 mm)
(concrete cover = 20 mm)
4
800 e 35
. 700 E ’
5] = 3
= 600 Zz
g 500 P 25
£ 400 2 2
2 300 g 1.5
[
£ 200 o 1
" 100 G 05
0 Exposed wall and beam Unexposed side of the wall mp 3 0
0 50 100 150 200 250 300 350 400 o] 50 100 150 200 250 300 350 400
Depth (mm) Depth (mm)
R120 R120

250
Neafi=m-d" [ fpas(6) - dx

Figure 7-3: General example of the calculation of the design bond resistance by integration of
fbd,fi

Annexes 2.1, 2.2, 2.3 and 2.4 present the values of N, (; at different fire durations for different bond

lengths respectively for concrete covers of 10 mm, 20 mm, 30 mm and 40 mm. The minimal and maximum
values of bond lengths are in accordance with Section 4.2.
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8. List of annexes

Annex 1:

Annex 2.1:

Annex 2.2:

Annex 2.3:

Annex 2.4:

Design bond strength for an overlap joint application (slab-slab connection)

Design bond resistances for an anchoring application (beam-wall connection) with a
concrete cover of 10 mm for diameters 8 and 10 mm

Design bond resistances for an anchoring application (beam-wall connection) with a
concrete cover of 20 mm for diameters 8, 10, 12, 14, 16 and 20 mm

Design bond resistances for an anchoring application (beam-wall connection) with a
concrete cover of 30 mm for diameters 8, 10, 12, 14, 16, 20, 25 and 28 mm

Design bond resistances for an anchoring application (beam-wall connection) with a
concrete cover of 40 mm for diameters 8, 10, 12, 14, 16, 20, 25, 28 and 32 mm
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Annex 1: Maximum applicable bond strength for an overlap joint application

The table presents design bond strength

(fpq) for a Slab-Slab connection using Sealifg injected resin Cancrate slab
C20/25 concrete and rebars with a yield \ [

strength f, = 500 N/mm?2 in an ISO 834-1 , | , _ .

fire (at 30, 60, 90, 120, 180 and 240 min) for foo e \ e s g
concrete covers between 30 and 230 mm. f o1 C— / ‘f;, = —— -

The bond strength values shall not be / ' /
applied for beam-beam connections. Post-
installed rebars shall be designed in ambient Steel bar Concrete covering

temperature  conditions  before  being thickness
designed in fire conditions.

Fire Design Bond Strength fjq s (N/'mm?2)

Cgsgfzﬁ]t;) R30 R60 R0 R120 R180 R240
40 0,3 0,0 0,0 0,0 0,0 0,0
50 0,6 0,0 0,0 0,0 0,0 0,0
60 1,1 0,3 0,0 0,0 0,0 0,0
70 1,8 0,4 0,2 0,0 0,0 0,0
80 3,0 0,7 0,3 0,0 0,0 0,0
90 35 1,0 0,4 0,2 0,0 0,0
100 3,5 1,4 0,6 0,4 0,0 0,0
120 3,5 2,9 1,2 0,7 0,3 0,0
140 3,5 3,5 2,1 1,1 0,5 0,3
160 3,5 3,5 3,5 1,9 0,8 0,5
180 3,5 3,5 3,5 3,2 1,2 0,7
200 3,5 3,5 3,5 3,5 1,9 1,0
220 3,5 3,5 3,5 3,5 2,9 15
240 3,5 3,5 3,5 3,5 35 2,2
260 3,5 3,5 3,5 3,5 3,5 3,1
280 3,5 3,5 3,5 3,5 35 35

The present table is aimed at supplying data for the design of the injection anchoring system when exposed to fire. This study does
not deal with the mechanical design at ambient temperature, neither does it deal with the design according to other accidental
solicitations, these shall be done in addition.
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Annex 2.1: Maximum applicable loads for an anchoring application (beam-
wall connection) with a concrete cover of 10 mm for diameters 8 and 10 mm

The table presents design bond resistances (Ngg,s;) " _—Concrete wal
for a Beam-Wall connection using C20/25 concrete T N /
and rebars with a yield strength £, = 500 N/mmz2in an T Conerete siad
ISO 834-1 fire (at 30, 60, 90, 120, 180 and 240 min) e —L/
for a concrete cover of 10 mm and for diameters 8 R R
and 10 mm. e !
The design load values may be used safely for a slab- Select meoted/K,
wall connection. Post-installed rebars shall be resin <
designed in ambient temperature conditions before T -
being designed in fire conditions. Steel bar
Concrete Cover =10 mm Fire Design Bond Resistance Ngqf; (KN)
Diameter Length I
(mm) (n?m) v R30 R60 R90 R120 R180 R240
100 3,9 1.3 0,0 0,0 0,0 0,0
140 7,4 4,5 2,3 1,2 0,0 0,0
180 10,9 8,0 5,8 3,9 1,7 0,9
220 14,4 11,5 9,2 7,4 4,3 2,3
8 260 15,2 14,9 12,7 10,9 7,8 5,2
300 16,1 16,8 16,2 14,3 11,3 8,7
320 16,8 16,8 16,8 16,1 13,0 10,4
350 16,8 16,8 16,8 16,8 15,6 13,0
390 16,8 16,8 16,8 16,8 16,8 16,5
420 16,8 16,8 16,8 16,8 16,8 16,8
110 6,0 2,4 1,0 0,5 0,2 0,0
140 9,3 5,7 29 1,5 0,6 0,0
180 13,6 10,0 7,2 4,9 2,1 1,1
220 17,9 14,3 11,6 9,2 5,4 2,9
250 21,2 17,6 14,8 12,5 8,7 5,4
10 280 24,4 20,8 18,1 15,7 11,9 8,7
310 26,2 24,1 21,3 19,0 15,2 12,0
340 26,2 26,2 24,6 22,2 18,4 15,2
370 26,2 26,2 26,2 25,5 21,7 18,5
400 26,2 26,2 26,2 26,2 24,9 21,7
430 26,2 26,2 26,2 26,2 26,2 25,0
470 26,2 26,2 26,2 26,2 26,2 26,2

Calculations are carried out taking the minimum concrete cover (CSTB report n°26048096). Intermediate values may be interpolated
linearly. Extrapolation is not possible. The present table is aimed at supplying data for the design of the injection anchoring system
when exposed to fire. This study does not deal with the mechanical design at ambient temperature, neither does it deal with the
design according to other accidental solicitations, these shall be done in addition.
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Annex 2.2: Maximum applicable loads for an anchoring application (beam-
wall connection) with a concrete cover of 20 mm for diameters 8, 10, 12, 14,

16 and 20 mm
The table presents design bond resistances (Nggs;) o —Concrete val
for a Beam-WaII cgnnection using C20/25 concrete T Conerete slab
and rebars with a yield strength f,, = 500 N/mmz2in an Ce 2
ISO 834-1 fire (at 30, 60, 90, 120, 180 and 240 min) IV —L/ —
for a concrete cover of 20 mm and for diameters 8, R RN
10, 12, 14, 16 and 20 mm ey =
The design load values may be used safely for a slab- Select mected/{‘
wall connection. Post-installed rebars shall be resin I S
designed in ambient temperature conditions before o -
being designed in fire conditions. Steel bar
Concrete Cover =20 mm Fire Design Bond Resistance Ngqs; (KN)
Diameter Length I
(mm) (n?m) v R30 R60 R90 R120 R180 R240
100 4,2 1,4 0,0 0,0 0,0 0,0
150 8,5 5,6 3,4 1,8 0,8 0,0
190 12,0 9,1 6,9 5,0 2,3 1,2
230 15,5 12,5 10,3 8,4 54 3,0
8 260 16,8 15,1 12,9 11,0 8,0 54
290 16,8 16,8 15,5 13,7 10,6 8,0
320 16,8 16,8 16,8 16,3 13,2 10,6
350 16,8 16,8 16,8 16,8 15,8 13,2
380 16,8 16,8 16,8 16,8 16,8 15,8
420 16,8 16,8 16,8 16,8 16,8 16,8
110 6,3 2,7 1,1 0,6 0,2 0,1
150 10,7 7,0 4,2 2,3 0,9 0,0
190 15,0 11,3 8,6 6,2 2,8 1,6
240 20,4 16,7 14,0 11,6 7,8 4,7
280 24.8 21,1 18,3 16,0 12,1 8,9
10 310 26,2 24,3 21,6 19,2 15,4 12,2
340 26,2 26,2 24,8 22,5 18,6 15,5
370 26,2 26,2 26,2 25,7 21,9 18,7
390 26,2 26,2 26,2 26,2 24,1 20,9
430 26,2 26,2 26,2 26,2 26,2 25,2
460 26,2 26,2 26,2 26,2 26,2 26,2

The table continues on the next page.
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Concrete Cover =20 mm Fire Design Bond Resistance Ngq; (KN)
Diameter | Length I, R30 R60 R90 R120 R180 R240
(mm) (mm)
140 115 71 38 2,0 08 0.4
170 154 11,0 7.7 4,9 2,0 11
210 20,6 16,2 129 10,1 55 3,0
250 258 214 18,1 153 10,7 6.8
300 323 27.9 24.6 218 17,2 133
12 350 37,7 34.4 311 28.3 237 19,8
390 37,7 377 363 335 28.9 25.0
420 37,7 377 37,7 37.4 3238 28,9
440 37,7 377 37,7 377 354 315
480 37,7 377 37,7 377 37,7 36,7
510 37,7 377 37,7 377 37,7 37,7
160 16,5 113 75 43 18 10
200 225 17,4 135 10,2 5.0 28
240 28,6 234 19,6 16,3 10,9 65
280 347 29,5 257 224 17,0 125
330 42,3 37.1 333 30,0 24.6 20,1
» 370 483 432 393 36,0 306 26,2
400 513 477 43,9 40,6 352 30,7
440 513 513 50,0 46,6 41,3 36,8
470 513 513 513 512 45,8 41,4
490 513 513 513 513 48,8 44,4
530 513 513 513 513 513 50,5
560 513 513 513 513 513 513
180 223 16,4 12,0 8.2 35 19
220 29,2 233 18,9 15,2 9,0 4,9
270 37,9 32,0 276 23.8 17,7 126
320 46,6 40,7 363 325 263 213
370 552 493 45,0 41,2 35,0 29,9
16 410 62,2 56,3 51,9 48,1 42,0 36,9
450 67,0 63,2 58,8 55,0 48,9 43,8
490 67,0 67,0 658 62,0 558 50,7
520 67,0 67,0 67,0 67,0 61,0 55,9
540 67,0 67,0 67,0 67,0 64,5 59,4
580 67,0 67,0 67,0 67,0 67,0 66,3
610 67,0 67,0 67,0 67,0 67,0 67,0
220 36,5 29,2 237 19,0 113 6.2
280 49,5 42,2 36,7 32,0 243 17,9
340 62,5 55,2 49,7 45,0 373 30,9
400 755 68,2 62,7 58,0 50,3 43,9
460 88,6 81,2 757 71,0 633 56,9
20 510 99.4 92,0 86,5 81,8 74.1 67.8
550 104,7 100,7 952 90,5 82,8 76,4
580 104,7 104,7 101,7 97,0 89,3 82,9
610 104,7 104,7 104,7 1035 95.8 89,4
630 104,7 104,7 104,7 104,7 100,1 93,8
670 104,7 104,7 104,7 104,7 1047 1024
710 104,7 104,7 1047 104,7 1047 104,7

Calculations are carried out taking the minimum concrete cover (CSTB report n°26048096). Intermediate values may be interpolated
linearly. Extrapolation is not possible. The present table is aimed at supplying data for the design of the injection anchoring system
when exposed to fire. This study does not deal with the mechanical design at ambient temperature, neither does it deal with the
design according to other accidental solicitations, these shall be done in addition.
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Annex 2.3: Maximum applicable loads for an anchoring application (beam-
wall connection) with a concrete cover of 30 mm for diameters 8, 10, 12, 14,
16, 20, 25 and 28 mm

The table presents design bond resistances (Nggs;) " _—Concrete wal
for a Beam-Wall connection using C20/25 concrete T Conerete slab
and rebars with a yield strength f,, = 500 N/mmz2in an Ce 2

ISO 834-1 fire (at 30, 60, 90, 120, 180 and 240 min) - —L/

for a concrete cover of 30 mm and for diameters 8, ..
10, 12, 14, 16, 20, 25 and 28 mm /

< P
© 4 .
. a

,/'—-

The design load values may be used safely for a slab- selectmected 1+ .
wall connection. Post-installed rebars shall be resin I S
designed in ambient temperature conditions before o
being designed in fire conditions.

Concrete Cover =30 mm Fire Design Bond Resistance Ngqs; (KN)
Diameter | Length L, R30 R60 R0 R120 R180 R240
(mm) (mm)
100 4,7 1,7 0,7 0,4 0,1 0,0
140 8,1 5,1 2,8 15 0,6 0,3
180 11,6 8,5 6,2 4,4 1,9 1,0
220 15,1 12,0 9,7 7,9 4,7 2,6
8 250 16,8 14,6 12,3 10,5 7,3 4,7
290 16,8 16,8 15,8 13,9 10,8 8,2
320 16,8 16,8 16,8 16,5 13,4 10,8
340 16,8 16,8 16,8 16,8 15,1 12,5
380 16,8 16,8 16,8 16,8 16,8 16,0
400 16,8 16,8 16,8 16,8 16,8 16,8
110 6,9 3,1 1,2 0,7 0,2 0,1
150 11,3 7,4 4,6 2,5 11 0,5
190 15,6 11,7 8,9 6,6 3,0 1,6
230 19,9 16,1 13,2 10,9 7,0 4,0
270 24,3 20,4 17,6 15,2 11,3 8,1
10 300 26,2 23,7 20,8 18,5 14,6 11,3
340 26,2 26,2 25,1 22,8 18,9 15,7
370 26,2 26,2 26,2 26,1 22,2 18,9
390 26,2 26,2 26,2 26,2 24,4 21,1
430 26,2 26,2 26,2 26,2 26,2 25,4
460 26,2 26,2 26,2 26,2 26,2 26,2

The table continues on the next page.
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Concrete Cover =30 mm Fire Design Bond Resistance Ngq; (KN)
D'?rmﬁ;er Le(?grt]:‘) L R30 R60 R90 R120 R180 R240
140 12,2 7,6 4,2 2,2 0,9 0,5
180 17,4 12,8 9,4 6,6 2,9 15
230 23,9 19,3 15,9 13,1 8,4 4.8
270 29,1 24,5 21,1 18,3 13,6 9,7
320 35,6 31,0 27,6 24,8 20,1 16,2
12 350 37,7 34,9 315 28,7 24,0 20,1
390 37,7 37,7 36,7 33,9 29,2 253
420 37,7 37,7 37,7 37,7 33,1 29,2
440 37,7 37,7 37,7 37,7 35,7 31,8
480 37,7 37,7 37,7 37,7 37,7 37,0
510 37,7 37,7 37,7 37,7 37,7 37,7
160 17,3 11,9 7,9 4,7 2,0 1,0
200 23,4 18,0 14,0 10,7 5,4 2,9
240 29,4 24,0 20,0 16,8 11,3 6,8
280 35,5 30,1 26,1 22,9 17,4 12,9
320 41,6 36,2 32,2 28,9 235 18,9
" 370 49,2 437 39,8 36,5 31,1 26,5
400 51,3 48,3 44,3 411 35,6 31,1
440 51,3 51,3 50,4 471 41,7 37,1
460 51,3 51,3 51,3 50,2 44,7 40,2
490 51,3 51,3 51,3 51,3 49,3 44,7
530 51,3 51,3 51,3 51,3 51,3 50,8
560 51,3 51,3 51,3 51,3 51,3 51,3
180 23,2 17,0 12,5 8,8 3,8 2,0
230 31,9 25,7 21,2 17,5 11,2 6,4
270 38,8 32,7 28,1 24,4 18,2 13,0
310 45,8 39,6 35,0 31,3 25,1 19,9
360 54,4 48,3 43,7 40,0 33,8 28,6
410 63,1 56,9 52,4 48,7 42,4 37,2
16 440 67,0 62,1 57,6 53,9 476 42,4
480 67,0 67,0 64,5 60,8 54,6 49,4
510 67,0 67,0 67,0 66,0 59,8 54,6
540 67,0 67,0 67,0 67,0 65,0 59,8
570 67,0 67,0 67,0 67,0 67,0 65,0
610 67,0 67,0 67,0 67,0 67,0 67,0
220 37,7 30,0 24,3 19,7 11,9 6,4
280 50,7 43,0 37,3 32,7 24,9 18,4
340 63,7 56,0 50,3 45,7 37,9 31,4
390 74,6 66,8 61,1 56,5 48,7 42,2
450 87,6 79,8 74,1 69,5 61,7 55,2
20 510 100,6 92,8 87,1 82,5 74,7 68,2
540 104,7 99,3 93,6 89,0 81,2 74,7
580 104,7 104,7 102,3 97,7 89,9 83,4
610 104,7 104,7 104,7 104,2 96,4 89,9
630 104,7 104,7 104,7 104,7 100,7 94,2
670 104,7 104,7 104,7 104,7 104,7 102,9
700 104,7 104,7 104,7 104,7 104,7 104,7

The table continues on the next page.
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Concrete Cover =30 mm Fire Design Bond Resistance Ngq; (KN)

D'?rmﬁ;er Le(?grt]:‘) L R30 R60 R90 R120 R180 R240
280 63,4 53,7 46,6 40,8 31,1 23,0

340 79,6 70,0 62,9 57,1 47,3 39,2

400 95,9 86,3 79,1 73,3 63,6 55,5

470 114,9 105,2 98,1 92,3 82,6 74,4

530 1311 1215 1143 108,6 98,8 90,7

580 1447 135,0 127.9 1221 112,4 104,2

25 630 158,2 148,6 141,4 135,7 1259 117,8
660 163,6 156,7 149,6 1438 134,0 1259

700 163,6 163,6 160,4 154.6 144.9 136,8

730 163,6 163,6 163,6 162,8 153,0 144.9

750 163,6 163,6 163,6 163,6 158,4 150,3

790 163,6 163,6 163,6 163,6 163,6 161,1

830 163,6 163,6 163,6 163,6 163,6 163,6

310 80,1 69,3 61,3 54,8 43,9 34,8

380 101,3 90,5 82,5 76,1 65,1 56,1

460 1256 114.8 106,8 100,4 89,4 80,3

520 1438 133,0 1250 118,6 107,6 98,5

580 162,0 151,2 1432 136,8 1258 116,8

650 183,3 1725 164,5 158,0 1471 138,0

28 700 198,5 187,6 179,7 173,2 162,3 153,2
730 205,3 196,7 188,8 182,3 1714 162,3

770 205,3 205,3 200,9 194,4 183,5 1744

800 205,3 205,3 205,3 203,5 192,6 183,5

830 205,3 205,3 205,3 205,3 201,7 192,6

860 205,3 205,3 205,3 205,3 205,3 201,7

900 205,3 205,3 205,3 205,3 205,3 205,3

Calculations are carried out taking the minimum concrete cover (CSTB report n°26048096). Intermediate values may be interpolated
linearly. Extrapolation is not possible. The present table is aimed at supplying data for the design of the injection anchoring system
when exposed to fire. This study does not deal with the mechanical design at ambient temperature, neither does it deal with the
design according to other accidental solicitations, these shall be done in addition.
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Annex 2.4: Maximum applicable loads for an anchoring application (beam-
wall connection) with a concrete cover of 40 mm for diameters 8, 10, 12, 14,
16, 20, 25, 28 and 32 mm

The table presents design bond resistances (Nggs;) " _—Concrete wal
for a Beam-Wall connection using C20/25 concrete T Conerete slab
and rebars with a yield strength f,, = 500 N/mmz2in an Ce 2

ISO 834-1 fire (at 30, 60, 90, 120, 180 and 240 min) - —L/

for a concrete cover of 40 mm and for diameters 8, ..
10, 12, 14, 16, 20, 25, 28 and 32 mm /

< P
© 4 .
. a

,/'—-

The design load values may be used safely for a slab- setctiected 1 ..
wall connection. Post-installed rebars shall be resin I S
designed in ambient temperature conditions before T
being designed in fire conditions.

Concrete Cover =40 mm Fire Design Bond Resistance Ngqs; (KN)
Diameter | Length L, R30 R60 R90 R120 R180 R240
(mm) (mm)
100 5,3 2,0 0,8 0,4 0,1 0,0
140 8,8 55 3,1 1,6 0,7 0,3
190 13,1 9,8 7,5 55 2,6 1,4
240 16,8 14,2 11,8 9,9 6,7 41
8 290 16,8 16,8 16,1 14,2 11,0 8,4
320 16,8 16,8 16,8 16,8 13,6 11,0
340 16,8 16,8 16,8 16,8 15,4 12,8
380 16,8 16,8 16,8 16,8 16,8 16,2
400 16,8 16,8 16,8 16,8 16,8 16,8
110 7,7 3,6 15 0,8 0,3 0,1
160 13,1 9,0 6,1 3,7 15 0,8
210 18,6 14,4 11,5 9,1 51 2,7
260 24,0 19,9 16,9 14,5 10,6 7,3
10 290 26,2 23,1 20,2 17,7 13,8 10,5
330 26,2 26,2 24,5 22,1 18,1 14,9
360 26,2 26,2 26,2 25,3 21,4 18,1
390 26,2 26,2 26,2 26,2 24,6 21,4
430 26,2 26,2 26,2 26,2 26,2 25,7
460 26,2 26,2 26,2 26,2 26,2 26,2

The table continues on the next page.
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Concrete Cover =40 mm Fire Design Bond Resistance Ngq; (KN)
D'?rmﬁ;er Le(?grt]:‘) L R30 R60 R90 R120 R180 R240
140 13,2 8,2 4,7 2,5 1,0 0,5
180 18,4 13,4 9,9 7,0 3,1 1,6
230 24,9 19,9 16,4 13,5 8,8 5,0
270 30,1 25,1 21,6 18,7 14,0 10,0
310 35,3 30,3 26,8 23,9 19,2 15,2
12 340 37,7 342 30,7 27.8 231 19,1
380 37,7 37,7 35,9 33,0 28,3 243
410 37,7 37,7 37,7 36,9 32,2 28,2
440 37,7 37,7 37,7 37,7 36,1 321
480 37,7 37,7 37,7 37,7 37,7 37,3
510 37,7 37,7 37,7 37,7 37,7 37,7
160 18,4 12,6 8,5 5,1 2,1 11
210 26,0 20,2 16,1 12,7 7,2 3,8
260 33,6 27,8 23,7 20,3 14,8 10,2
320 42,7 36,9 32,8 29,4 23,9 19,3
360 48,7 43,0 38,9 355 30,0 25,4
14 390 51,3 475 43,4 40,0 34,5 29,9
430 51,3 51,3 49,5 46,1 40,6 36,0
460 51,3 51,3 51,3 50,6 451 40,5
480 51,3 51,3 51,3 51,3 48,2 43,6
520 51,3 51,3 51,3 51,3 51,3 49,6
560 51,3 51,3 51,3 51,3 51,3 51,3
180 24,5 17,9 13,2 9,3 4,1 2,2
230 33,2 26,6 21,9 18,0 11,7 6,7
270 40,1 335 28,8 24,9 18,6 13,4
310 47,0 40,4 35,7 31,9 25,6 20,3
350 54,0 47,4 42,7 38,8 32,5 27,2
16 400 62,6 56,0 51,4 475 41,2 35,9
440 67,0 63,0 58,3 54,4 48,1 42,8
480 67,0 67,0 65,2 61,3 55,0 49,8
510 67,0 67,0 67,0 66,5 60,2 55,0
530 67,0 67,0 67,0 67,0 63,7 58,5
570 67,0 67,0 67,0 67,0 67,0 65,4
600 67,0 67,0 67,0 67,0 67,0 67,0
220 39,3 31,0 25,2 20,3 12,4 6,8
290 54,5 46,2 40,3 355 27,6 21,0
340 65,3 57,1 51,2 46,3 38,5 31,9
390 76,1 67,9 62,0 57,2 49,3 42,7
440 87,0 78,7 72,9 68,0 60,1 53,6
20 500 100,0 91,7 85,9 81,0 73,1 66,6
530 104,7 98,2 92,4 87,5 79,6 73,1
580 104,7 104,7 103,2 98,4 90,5 83,9
600 104,7 104,7 104,7 102,7 94,8 88,2
630 104,7 104,7 104,7 104,7 101,3 94,7
670 104,7 104,7 104,7 104,7 104,7 103,4
700 104,7 104,7 104,7 104,7 104,7 104,7

The table continues on the next page.
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Concrete Cover =40 mm Fire Design Bond Resistance Ngq; (KN)

D'?rmﬁ;er Le(?grt]:‘) L R30 R60 R90 R120 R180 R240
280 65,4 55,1 47,7 41,6 31,8 23,6

350 84,3 74,0 66,7 60,6 50,8 42,6

410 100,6 90,3 82,9 76,9 67,0 58,8

470 116,8 106,5 99,2 93,1 83,3 75,1

530 1331 1228 1155 109,4 99,6 91,3

580 146,6 136,3 129,0 1229 1131 104,9

25 620 157,5 1472 139,8 133,8 1239 115,7
650 163,6 155,3 148,0 141,9 132,1 123,9

700 163,6 163,6 161,5 155,5 1456 137,4

730 163,6 163,6 163,6 163,6 153,8 1455

750 163,6 163,6 163,6 163,6 159,2 151,0

790 163,6 163,6 163,6 163,6 163,6 161,8

820 163,6 163,6 163,6 163,6 163,6 163,6

310 82,3 70,8 62,6 55,8 44,7 35,5

380 103,5 92,0 83,8 77,0 66,0 56,8

460 127.8 116,3 108,1 101,3 90,3 81,1

520 146,0 1345 126,3 1195 108,5 99,3

580 164,2 152,7 1445 137,7 126,7 1175

640 1825 170,9 162,7 155,9 144.9 135,7

28 690 197,6 186,1 177,9 1711 160,1 150,9
730 205,3 198,2 190,0 183,2 172,2 163,0

770 205,3 205,3 202,2 195,4 184,3 1751

800 205,3 205,3 205,3 204,5 193,4 184,2

820 205,3 205,3 205,3 205,3 199,5 190,3

860 205,3 205,3 205,3 205,3 205,3 202,4

890 205,3 205,3 205,3 205,3 205,3 205,3

350 107,9 94,8 85,4 77,6 65,0 54,5

440 139,1 126,0 116,6 108,8 96,2 85,7

530 170,4 157,2 147,8 140,0 127,4 116,9

610 198,1 184,9 1755 167,8 155,2 1447

680 2224 209,2 199,8 192,0 179,5 168,9

740 2432 230,0 220,6 212,9 200,3 189,7

32 790 260,5 2474 238,0 230,2 217,6 207,1
820 268,1 257,8 2484 240,6 228,0 217,5

870 268,1 268,1 265,7 257,9 2454 234,8

890 268,1 268,1 268,1 264,9 252,3 2418

920 268,1 268,1 268,1 268,1 262,7 2522

960 268,1 268,1 268,1 268,1 268,1 266,1

990 268,1 268,1 268,1 268,1 268,1 268,1

Calculations are carried out taking the minimum concrete cover (CSTB report n°26048096). Intermediate values may be interpolated
linearly. Extrapolation is not possible. The present table is aimed at supplying data for the design of the injection anchoring system
when exposed to fire. This study does not deal with the mechanical design at ambient temperature, neither does it deal with the
design according to other accidental solicitations, these shall be done in addition.

END OF REPORT
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