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1 SCOPE 

When subjected to fire exposure, construction elements performances are reduced by the 
effect of the temperature increase. At the RIPPLE CONSTRUCTION PRODUCTS PVT 
LTD+ company request, CSTB has performed a study aimed at the evaluation of the fire 
behaviour of injection resin system used in conjunction with concrete reinforcing rebar 

(grade b500;  8 to 32 mm). 

The maximum loads applicable through a rebar in conjunction with Ripple R-fix as a 
function of both fire duration and anchorage length have been assessed for slab to slab 
connections, wall to slab connections, beam to beam connections and wall to beam 
connections. 

The evaluation of these characteristics is based on a three steps procedure: 

1. The first step is an experimental program aimed at the determination of the 
thermo-mechanical properties of the Ripple R-fix injection anchoring system, when 
exposed to fire. 

2. The second step consists in the finite element modelling of the temperature 
profiles at the bonding interface of the four considered connection types. 

3. The third step consists in the determination of the bonding stress along the 
bonding interface using steps 1 and 2. The maximum load applicable through a 
rebar anchored with Ripple R-fix mortar is then calculated by integrating this 
bonding stress over the interface area. 

 

Where: 

rk is the characteristic bonding stress 

T is the temperature 

Fadh is the maximum load applicable to the rebar. 

S is the appropriate safety factor. 

 

Experiment: 

rk = f(T) 

Finite Element simulation: 

For each fire exposure duration T along 
the bonding interface 

 

rk along the bonding 
interface 
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The present study 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. 

 

2 NORMATIVE REFERENCES 

ISO 834-1 Fire resistance Tests - Element of building construction – Part1 general 
requirements 

EN 1363-1 Fire resistance tests Part 1 General Requirements.  

NF EN 1991-1-2 Eurocode1 Actions on structures – Part 1-2: General actions - Actions on 
structures exposed to fire, 2003 

NF EN 1992-1-2 (+NA) Eurocode2 Design of concrete structures – Part 1-2: General rules 

– Structural fire design, 2005. 

NF EN 1993-1-2 (+NA) Eurocode3 Design of steel structures – Part 1-2: General rules – 

Structural fire design, 2005. 

 

3 THERMO-MECHANICAL PROPERTIES 

3.1 Experimental program 

The experimental program is aimed at the determination of the bonding stress as a 
function of the temperature for the Ripple R-fix injection system. 

 

The tests are performed on small tensile-stressed specimens exposed to a monotonous 
rise in temperature of 10 degrees per minutes. The tables here after define the tests 
configurations which are performed in order to determine the behaviour of the Ripple R-fix 
under fire exposure. These tests were carried out from 15/11/2011 to 18/01/2012 in the 
fire resistance laboratory of the CSTB at the MARNE-LA-VALLEE Research Centre. 
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Diameter 
Embedment 

depth 
Applied load 

[mm] [mm] [kN] 

8  80  
5.0 

20.0 

10  100  
10.0 

25.0 

12 120 

3.0 

10.0 

20.0 

30.0 

50.0 

16.0 

35.0 

42.5 

55.5 

62.0 

69.0 

75.0 

16  160  
30.0 

50.0 

20  200  
50.0 

100.0 

 

 

table 1 : Test program 
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3.2 Test description 

The tests were carried out in an electric furnace. For each specimen, a hole with a 
nominal diameter, equal to the diameter of the rebar plus 4 mm, is drilled to a depth of 10 
times the rebar diameter, in each concrete cylinder. Prior to setting the rebar, temperature 
sensors were fastened in such a way that the temperature of the rebar could be measured 
at a depth of about 10 mm below the surface of the concrete, and at the rebar lower end 
close to the bottom of the hole. A pure tensile load is applied to the rebar by means of 
hydraulic jack. 

 

 

 

Figure 1: Monitoring device Figure 2: Loading device 

 

Figure 3: high temperature, regulated, furnace 

 

Concrete cylinder 

rebar 

Frame 

Hydraulic 
jack 

Furnace 

Frame 
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3.3 Product presentation and test specimen 

 

The Ripple R-fix is a 3:1 ratio injection type chemical anchor. Installation is by a dispenser 
from a side by side foil pack using a special mixing nozzle into a pre-drilled hole to the 
required installation dept. A steel bar with a diameter between 8mm and 32mm, grade 
b500 is then inserted into the resin. 

 

The holes are drilled according to the specifications of the manufacturer. They are 
cleaned according to the written installation instructions of the manufacturer with the 
cleaning equipment specified by the manufacturer. The mortar and the rebar are installed 
according to the manufacturer’s installation instruction with the equipment supplied by the 
manufacturer. Further details concerning the application can be found in the following 
figures. 
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table 2 : Installation instruction and cleaning method 

 

 

 

Figure 4: Cleaning method 
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Figure 5: Brushes for cleaning the drilled holes. 

 

 

 

Figure 6: Applicator guns 
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The bars are embedded in steel-encased concrete cylinders of diameter 150mm. 

A total of 20 rebar of diameters ranging from 8 to 20 were set in the steel-encased 
concrete cylinders using Ripple R-fix injection adhesive mortar. Afterwards, they were 
tested under pure tensile loading and exposed under fire in order to determine the 
thermo-mechanical properties as well as the pull-out behaviour and to develop a 
passive fire prevention design concept for the use of rebar connection. 

The drawing below gives details of the setting of the rebar in the concrete cylinders. 

D

1
0

D

Ø forage : D+4

Steel bar

Sealing injected resin

Concrete cylinder

Ø : 150

l : 250

 

 

Figure 7: Steel-encased concrete cylinders 

The characteristics of the concrete constituents as well as the way of making it, 
comply with the requirements of the ETAG 001. 
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Test results 

The failure temperature values, for each rebar diameter and applied load considered 
are given in the table below. 

 

table 3: Test results 
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Figure 8: Bond failure after fire exposure 

 

From these data we obtain by reference to the 5% percentile at 90% degree of confidence 
the relation between the temperature and the critical bond stress: 

  

Figure 9: Ripple R-fix Characteristic bonding stress – temperature relationship (red points 
are experimental results, black curve is the corresponding characteristic law). 

 

 

Failure temperatures vs stress 

Ripple R-fix 
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4 BONDING INTERFACE TEMPERATURE PROFILES 

 

The knowledge of the fire behaviour of traditional concrete structures allows to assess the 
temperature distribution, for every duration of the fire exposure by modelling the thermal 
exchanges inside concrete elements. The temperature profile depends on the connection 
configuration: slab to slab connections or wall to slab connections or beam to beam 
connections or wall to beam connections. These temperatures are calculated using the 
finite elements method. 

 

4.1 Modelling assumptions 

 

Thermal actions modelling: 

At the origin (t=0) every element temperature is supposed to be 20°C. 

 

The fire is modelled by a heat flux on the exposed faces of the structure. This heat flux is 
a function of the gas temperature Tg which evolution is given by the conventional 
temperature / time relationship (ISO 834-1) : 

 T T Log t
g
  

0 10
345 8 1( )  

Where: 

 T0 is the initial temperature (°C)  

 t is the time in minutes. 

The entering flux in a heated element is the sum of the convective and the radiation parts:  

 convective flux density:  sgc TTh    (W/m2), 

 radiation flux density:  4

s

4

gr TT    (W/m2). 

Where: 

 is the Stefan-Boltzmann parameter 

Ts is the surface temperature of the heated element 

 is the resulting emissive coefficient 

h is the exchange coefficient for convection. 

 

The exchange coefficients are given by Eurocode1 part 1.2 and Eurocode2 part 1.2 (NA) 
(see table 4.) 
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 h(W/m²K)  

Fire exposed side 25 0.7 

side opposite to fire 4 0.7 

table 4 : values for the exchange coefficients. 

 

Materials thermal properties: 

 

In this study, only concrete is considered in thermal calculation (EC2 part 1.2 art.4.3.2). 
The concrete thermal properties are provided by Eurocode2 part 1.2 + NA. This document 
considers three different kinds of concrete depending on the type of aggregates (silicate, 
calcareous, light). Considering that light aggregate concrete was less common than the 
two others the corresponding set of coefficients was rejected. Preliminary investigations 
lead to the choice of the silicate aggregate concrete set of coefficients as it gives 
conservative results. 

 

4.2 Slab to slab connection (lapped splice / joint) 

 

For a slab to slab connection (see Figure 10) the temperature along the bonding interface 
is safely supposed uniform and equal to the temperature in a slab at a depth equivalent to 
the concrete cover. Therefore, the temperature profiles are calculated by finite element 
simulation of a slab heated on one side. 
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Figure 10: Slab to slab connection 

 

The temperatures versus the concrete cover are plotted on Figure 11 for fire durations 
ranging from 30 minutes to four hours. 

 

 

Figure 11: Temperature at the bonding interface as a function of concrete cover. 
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4.3 Wall to slab connection (anchoring) 

For a wall to slab connection (see Figure 12) the temperature along the bonding interface 
is not uniform and depends on the fire duration and the anchoring length. Therefore, the 
temperature profiles are obtained by finite element modelling for each fire duration and 
each anchor length considered. 

 

Model description 

 

Figure 12: Wall to slab connection 

 

The modelled fire is the standard temperature / time curve with duration of 30, 60, 90, 
120, 180 and 240 minutes. The considered anchor lengths range from 10 times the rebar 
diameter to the length that enables a load equal to the rebar yielding load. 

 

The simulations are made taking into account the minimal concrete cover for each rebar 
diameter and fire exposure duration as given in the Eurocode 3 part 1.2 + NA (table 5). 
The anchoring length varied from 10 times the rebar diameter to the length allowing a 
force equal to the maximum load in a rebar not submitted to a fire. 
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 Fire duration (min) 

 

(mm) 

D 

(mm) 

30 60 90 120 180 240 

C-C 
(mm) 

S-T 

(mm) 

C-C 
(mm) 

S-T 

(mm) 

C-C 
(mm) 

S-T 

(mm) 

C-C 
(mm) 

S-T 

(mm) 

C-C 
(mm) 

S-T 

(mm) 

C-C 
(mm) 

S-T 

(mm) 

8 12 10 60 20 70 25 90 35 110 50 150 70 175 

10 14 10 60 20 70 25 90 35 110 50 150 70 175 

12 16 12 60 20 70 25 90 35 110 50 150 70 175 

14 18 14 60 20 70 25 90 35 110 50 150 70 175 

16 20 16 60 20 70 25 90 35 110 50 150 70 175 

20 25 20 60 20 70 25 90 35 110 50 150 70 175 

25 30 25 75 25 75 25 90 35 110 50 150 70 175 

28 35 28 84 28 84 28 90 35 110 50 150 70 175 

32 40 32 96 32 96 32 96 35 110 50 150 70 175 

 

Where : 

 D is the drill hole diameter 

 C-C is the concrete cover 

 S-T slab thickness 

table 5 : Summary of the modelled configurations each rebar diameter () and fire 
duration. 

 

Three dimensional meshes were used. Due to symmetry considerations only half of the 
structure is meshed (see figure 14). 

Considering that the wall located above the slab will stay at a temperature of 20°C, it has 
not been meshed. Therefore the modelled structure presents an L shape instead of a T 
shape as presented on Figure 12. 

 

The boundary conditions are:  

 On the heated sides, heat flux density, as a function of the gas temperature equal 
to the conventional temperature / time relationship. 

 
 On the unexposed sides, heat flux density with a constant gas temperature of 

20°C. 
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 No heat exchange condition on the other sides. 

 
 

 

Figure 13: Mesh used for the wall to slab connection temperature model. 

 

4.4 Beam to beam connection (lapped splice / joint) 

 

For a beam to beam connection (see figure 15) the temperature along the bonding 
interface is safely supposed uniform and equal to the temperature in a beam at a depth 
equivalent to the concrete cover. Therefore, the temperature profiles are calculated by 
finite element simulation of a beam heated on three sides. 

 

 

Figure 14: beam to beam connection 

 

beam 
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Four beams’ widths were studied: 20 cm, 30 cm, 40 cm and 100 cm. Because same 
results were observed on the 40 cm and 100 cm beams’ widths, the results are only 
presented for the 20 cm, 30 cm, “40 cm and more” beams’ widths. 

With regard to Eurocode 2 part 1.2, fire resistances are limited in accordance with beams’ 
widths. For the 40 cm and more beams’ widths, a 240 minutes fire resistance can be 
obtained. On the other hand, fire resistance is limited to 120 minutes for 30 cm beams’ 
widths and to 90 minutes for 20 cm beams’ widths. 

Two dimensional meshes were used. Due to symmetry considerations, only half of the 
section is meshed (see figure 16). 

 

Figure 15: An example of temperature profile (T °Kelvin) – fire duration = 30 minutes – 
beam’s width = 20 cm 

 

Contour lines of temperature obtained by simulation are presented here after. The range 
of temperatures was defined in accordance with a reasonable maximum anchorage depth 
(see 5.4). On the following figures, a grid of a 10 mm x-spacing and 20 mm y-spacing is 
superimposed in order to locate easily the contour lines on the beams’ sections. The 
contour lines correspond to 40, 60, 80, 100 and 120°C. 

 

Figure 16: Temperature contour lines for beam’s width = 20 cm and fire duration = 30 min 
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There is no significant area in which the temperature keeps below 120°C after 30 minutes 
in a 20 cm beam’s width. 

 

 

 

Figure 17: Temperature contour lines for beam’s width = 30 cm and fire duration = 30 min 

 

Figure 18: Temperature contour lines for beam’s width = 30 cm and fire duration = 60 min 
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Figure 19: Temperature contour lines for beam’s width = 30 cm and fire duration = 90 min 

There is no significant area in which the temperature keeps below 120°C after 90 minutes 
in a 30 cm beam’s width. 

 

 

Figure 20: Temperature contour lines for beam’s width = 40 cm and fire duration = 30 min 

 

Figure 21: Temperature contour lines for beam’s width = 40 cm and fire duration = 60 min 
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Figure 22: Temperature contour lines for beam’s width = 40 cm and fire duration = 90 min 

 

Figure 23: Temperature contour lines for beam’s width = 40 cm and fire duration = 120 
minutes 

 

Figure 24: Temperature contour lines for beam’s width = 40 cm and fire duration = 180 
minutes 

There is no significant area in which the temperature keeps below 120°C after 180 
minutes in a 40 cm or more beam’s width. 

 

4.5 Wall to beam connection (anchoring) 

For a wall to beam connection (see figure 26) the temperature along the bonding interface 
is not uniform and depends on the fire duration and the anchoring length. Therefore, the 
temperature profiles are obtained by finite element modelling for each fire duration and 
each anchor length considered. 

Rebar diameters and fire durations are the same as before. 
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Model description 

 

Figure 25: Wall to beam connection 

 

The modelled fire is the standard temperature / time curve with duration of 30, 60, 90, 
120, 180 and 240 minutes. The considered anchor lengths range from 10 times the rebar 
diameter to the length that enables a load equal to the rebar yielding load. 

The simulations are made taking into account the same limitation of fire resistances as 
before (90 minutes for 20 cm beams’ widths and 120 minutes for 30 cm beams’ widths). 

Moreover, with regard to Eurocode 2, three layers of reinforcement are taken into account 
in each beam. Concrete covers and minimal distance between layers are presented on 
the following figure. 

beam 
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Figure 26: reinforcement frame 

 

Concrete covers cc are defined to assure that the temperature in the more exposed rebar 
keeps lesser than 400°C for the fire duration required and for the beam’s width. Under this 
temperature, steel mechanical properties keep constant. The following values are then 
obtained: 

 Beam’s width 

Fire resistance 20 cm 30 cm 40 cm and more 

R30 30 mm 30 mm 28 mm 

R60 55 mm 55 mm 52 mm 

R90 80 mm 80 mm 70 mm 

R120 Impossible 85 mm 85 mm 

R180 Impossible Impossible 110 mm 

R240 Impossible Impossible 136 mm 

table 6 : concrete cover versus fire resistance duration and beam’s width. 

 

Width : 20, 30, 40 cm and more 

Height for simulations 

= 3*cc+3*+2*d 

20°C 

Layer 1 
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Moreover, the distance between layers is defined as: 

 mmdiameterholedrilld 60;3max   

 

The following values are then obtained: 

Rebar 
diameter 

(mm) 
8 10 12 14 16 20 22 24 25 32 

Distance 
between 
layers 
(mm) 

60 60 60 60 60 75 81 87 90 120 

table 7 : distance between layers versus rebar diameter. 

 

Three dimensional meshes were used. Due to symmetry considerations, only half of the 
structure is meshed (see figures 28 and 29). To impose natural boundary conditions, the 
real shape of elements is modelled. By this way, there is no discontinuity of gas 
temperatures that could perturb the temperature calculation in concrete. 

 

The boundary conditions are:  

 On the heated sides, heat flux density, as a function of the gas temperature equal 
to the conventional temperature time relationship. 

 
 On the unexposed sides, heat flux density with a constant gas temperature of 

20°C. 
 
 No heat exchange condition on the other sides. 
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Figure 27: Mesh used for the wall to beam connection temperature model. 

 

 

Figure 28: An example of temperature profile (T °Kelvin) – fire duration = 2 hours – 
beam’s width = 40 cm. 
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5 MAXIMUM LOADS 

Once the temperature along the bonding interface is known, the maximum force in the 
rebar (resin adhesion strength) is obtained by calculating the bonding stress using its 
experimental temperature dependence and integrating it over the interface area and 
applying the appropriate safety factor. 

The results given in the following paragraphs are intended for a concrete of class C20/25 
and a Fe 500 steel. 

5.1 Safety factors 

 

The global safety factor (s) is the product of partial safety factors: 

 c partial safety factor on concrete compressive strength (1,3) 

 t partial safety factor on concrete tensile strength variability (1,0) 

 f partial safety factor on field realisation variability (1,2) 

 

The global safety factor is s = 1,6. 

 

5.2  Slab to slab connection 

The experimental temperature - bonding stress relationship is given by:  

 

21,2

25,144














              (1) 

 

Where: 

  is the temperature in °C  

  is the bonding stress in MPa 

 

The maximum bonding stresses for a given fire exposure duration and concrete cover are 
calculated by introducing the temperatures shown in Figure 11 in equation (1). The results 
are summarized in table 8. 
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table 8 : Maximum bonding stresses for a slab to slab connection. 

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. 

  

TP E SDRipple R-fix 
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5.3 Wall to slab connection 

 

The maximum force in the rebar (resin adhesion strength) is given by:  

 dxxF rk

Ls

s

adh )(**
1

0




  

Where: 

 Fadh is the maximum force in the rebar 

  is the rebar diameter 

 rk(x) the characteristic bonding stress at a depth of x. 

 

rk(x) is calculated using the temperature profiles obtained by finite element simulation and 
the experimental bonding stress temperature dependence. 

 

An example of the maximum evolution with respect of the anchor length is given on figure 
30. The complete results are given in table 9 to table 13. 

 

 

Figure 29: Maximum force of rebar (=16mm) in conjunction with Ripple R-fix. 
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table 9 : Maximum load applicable to a rebar bonded with Ripple R-fix mortar in case of 
fire. 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. 

Ripple R-fix 
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table 10 : Maximum load applicable to a rebar bonded with Ripple R-fix mortar in case of 
fire. 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. 

Ripple R-fix 
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table 11 : Maximum load applicable to a rebar bonded with Ripple R-fix mortar in case of 
fire. 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. 

Ripple R-fix 
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table 12 : Maximum load applicable to a rebar bonded with Ripple R-fix mortar in case of 
fire. 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. 

Ripple R-fix 
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table 13 : Maximum load applicable to a rebar bonded with Ripple R-fix mortar in case of 
fire. 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. 

  

Ripple R-fix 
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5.4 Beam to beam connection 

The experimental temperature - bonding stress relationship is given as before by:  

21,2

25,144














  

The maximum bonding stresses for the maximum temperature in a given area of figures 
17 to 25 are calculated by introducing the temperatures of contour lines in the above 
equation. The results are summarized in table 14. 

 

 

table 14 : Maximum bonding stresses for a beam to beam connection. See figures 17 to 
25 to use correctly this table. 

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. 

 

An over presentation of the results is given here after: the rebar anchorage depth that 
vouches for the resin adhesion strength is stronger than the tensile strength of the rebar 
(rebar maximum load permitted in case of fire). Rebar anchorage depths are presented in 
table 15. 

 

table 15 : anchorage depth applicable to a rebar bonded with Ripple R-fix mortar in case 
of fire. See figures 17 to 25 to use correctly this table. 

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. 

Ripple R-fix 

Ripple R-fix 
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 26051287 – RIPPLE R-fix 36/38 

 

 

5.5 Wall to beam connection 
 

In order to present results in a simple manner, we prefer present here the rebar 
anchorage depth that vouches for the resin adhesion strength is stronger than the tensile 
strength of the rebar (rebar maximum load permitted in case of fire). The presentation of 
the results as for the wall to slab connection would require 27 tables! 

For a given rebar anchorage depth, the adhesion strength is given as before by: 

dxxF rk

Ls

s

adh )(**
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0




  

We then present in the following tables (table 16 to table 18) the rebar anchorage depths 
“Ls”, for all layers and in each permitted configuration for beams, for which Fadh is higher 
than the corresponding “rebar maximum load” in tables. 

 

table 16 : anchorage depth applicable to a rebar bonded with Ripple R-fix mortar in case 
of fire. 

Ripple R-fix – beam’s width = 20 cm 
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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. 

 

table 17 : anchorage depth applicable to a rebar bonded with Ripple R-fix mortar in case 
of fire. 

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. 

 

Ripple R-fix – beam’s width = 30 cm 
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table 18 : anchorage depth applicable to a rebar bonded with Ripple R-fix mortar in case 
of fire. 

 

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. 

 

Ripple R-fix – beam’s width = 40 cm or more 


