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1 Preface

This thesis is submitted for the requirements of the Structural Engineering master track at the Faculty of
Civil Engineering and Geo Sciences of the Delft University of Technology. The topic of the thesis is an
investigation into resin products for application in injected bolted connections in civil engineering steel
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Laboratory.

Also, | would of course like to extend my gratitude towards the members of my assessment committee,
Prof. dr. M. Veljkovic, ir. P.A. de Vries, Drs. W.F. Gard and in particular dr. Copuroglu for joining my
committee at a later stage.

Furthermore, 1 would like to thank G. van Bolderen, M. Mureau, C. Hagen and C.A. van Hoogdalem.
Working on my thesis in parallel with them in the Office of Stevin Il 1.34 has given me a lot of support.
Of course, | also want to thank my parents for supporting me during this thesis but also throughout my
time as a student at the TU Delft.

Axel Koper
Delft, May 2017
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2 Abstract

The purpose of this thesis is to assess potential alternative epoxy resins in injected bolted shear
connections for a civil engineering application. Research has focused on the application of injection
bolts with various resins in a double lap shear connection.

In current practice only one resin is allowed to be used due to regulation by RWS. This is RenGel
SW404/HY 2404 resin [1]. To assess possible alternatives different products have been selected that
have potential for use in this application. To verify their performance, short duration double lap shear
tests have been performed in the Stevin Laboratory. The curing temperature of the resin was varied in
testing to assess the influence this has on performance, and gain further insight in the importance of
material properties of resins for injection bolts.

Secondly the stress distribution of the resin layer has been investigated by developing an analytical
model using 1 dimensional Timoshenko beam theory. This model was calibrated using results from lab
tests and verified against FEM results and other experiments.

From this research, it is concluded that only Edilon Dex R2K resin is a possible alternative resin. The
injection procedure is simplified with this product but it suffers from large scatter in results in this
research. The found characteristic short term strength is 156 MPa when cured at 16 degrees Celsius.
Curing temperature had no influence for RenGel SW404/HY 2404 between 8 and 24 degrees. Dex R2K
did have a positive dependency in this range. Lastly the research into the effect of bolt length shows a
trend that the connection capacity remains the same or increases slightly for L/D ratios above 3.

From this research, it is recommended to gain further insight in the mechanical behavior of injection
bolt connections through FEM analysis. Furthermore, development of alternative washer designs and
research into optimized injection procedures are recommended. Lastly the occurrence of air inclusions
in the resin layer as noticed in this research is something to be investigated in future research.
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6 Introduction

In civil engineering applications steel structures are generally assembled on site from smaller elements
to make up the main load bearing structure. It is common practice to use mechanical fasteners such as
bolts to join the elements of a steel structure on site. Welding members is only done in specific
applications due to the complexity of creating high-quality welds on-site. The joints and connections
between the individual elements make up a significant contribution to the total cost of the structure.
Therefor the design of joints focuses on the transfer of high loads with low erection costs.

Figure 1 Example of bolted connection in steel structure [2]

Bolted connections in steel structures are fabricated with hole clearances to make assembly on site
possible. This leads to some slip occurring in the joints before significant loads can be carried. In specific
applications, such as oversized or slotted holes in the connection or the possibility of fatigue and load
reversals, connections can be considered slip-critical. [3] These joints must behave rigidly and the
mechanical fasteners must provide a slip-resistant connection.
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Conventional methods to execute slip-resistant connections is to apply rivets, fitted bolts or preloaded
HSFG bolts. Rivets are no longer being applied in modern practice due to the labor-intensiveness. In the
Netherlands, an alternative for these methods is the application of injection bolts, which were developed
in the 1970s to replace riveted connection in existing structures. [4]

“Injection Bolts are bolts in which the cavity produced by the clearance between

the bolt and the wall of the hole is completely filled up with a two-component resin.

Filling of the clearance is carried out through a small hole in the head of the bolt.
After injection and complete curing, the connection is slip resistant. ” [5]

An illustration of an injection bolt is shown in Figure 2. This is a sawed-through test specimen. The blue
material is the cured resin which serves to create a slip-resistant connection.

Figure 2 Sawed-through injection bolt connection
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6.1 Problem definition

Since the development in the 1970s the use of injection bolts has increased. To achieve economic and
safe design rules more research on the application of these bolts is necessary. In current practice the type
of resin used is limited to one specific product which was tested in the previous research into the topic.
[5] [6] This product is the RenGel SW404/SY 2404 epoxy resin. The availability of this product is not
guaranteed as the resin applied is not developed specifically for injection bolts. Furthermore, from
literature limited information is available about the required properties of epoxies for use in IBC. Finally,
since the development of injection bolts in other fields such as aerospace many innovations have taken
place on composite structures [7]. Development of new resin products for other applications is ongoing.

The research that has been performed on injection bolts thus far has been based on the testing of actual
bolted connections. It is currently unknown by which mechanisms in the resin the deformations that are
measured in these connections are caused. To verify the performance of alternative resins, European
recommendations specify a testing procedure [8]. Because connections with injection bolts are subject
to creep these tests are costly and time consuming, having a runtime that can be more than 1 year [9].

The performance of connections with injection bolts is highly dependent on the bearing stresses that
occur in the resin. This is among other things influenced by the ratio between the bolt diameter and the
thickness of steel plates. With a relatively long bolt bending deformation leads to an uneven bearing
stress distribution in the connection. [5] The exact behavior and stress distribution in the resin layer is
not well understood.

From the above-mentioned considerations, the main goals of this thesis are laid out in the following
three aspects:

e Investigate the possibilities for application of different resins in injection bolts.

e Try to find a relation between the resin material properties and their performance in the
application of injection bolts.

e Analyze the resin stress distribution and influence of the bolt length

6.2 Research questions
From the three goals set out above the following questions relating to these three aspects will be
answered in this thesis:

Feasibility of application
o Can alternative resins be injected using the current practice injection procedure?
e Which material properties of a resin product are important for application in IBC?

Mechanical performance of resin products in IBC
e How does the mechanical performance of alternative resins compare to current practice?

e Which properties influence the performance of resins in IBC?

Modelling of stress distribution
What influence does the bolt length have on the resin stress distribution in an IBC?

6 Introduction 3
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6.3 Research approach

First the theoretical background on injection bolts will be reviewed and a look into the chemical and
material properties of resins. From this literature review a first selection will be made on the important
parameters in the selection of alternative products to be further investigated. Based on the results found
in this initial research alternative products on the market will be selected as possible alternatives. For
this selection of alternative products also input from the suppliers is considered and the information
supplied by them.

Taking the information from literature as a basis, a model is developed to assess the stress distribution
that is expected in an injected bolted connection. This is done based on an analytical approach to the
problem.

The following step is the main body of work of this research project. Testing of the resin products in
injected bolted connections. This is done by testing double lap shear connections with injection bolts in
the Stevin Laboratory.

Finally, the results obtained from the double lap shear tests are processed to gain more information on
the required material properties of resins for this application. Based on this a further step is taken to
design a test that could predict performance of resin products in an injected bolted connection.

Finally, the test results obtained will be used to draw a conclusion about the selected and tested
alternative epoxy resins products in this research topic.

An overview of the steps taken in this research project are shown in the diagram on the following page.
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Figure 3 Overview of work flow of this research project
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7 State of the Art

7.1 Examples of application of injection bolts

7.1.1 Repair of riveted connections using Injection bolts

Injected bolts are applied successfully to repair old riveted bridge structures. Riveting is no longer a
common connection method due to the labor intensiveness, so skilled laborer’s and material is hard to
find. To repair riveted structures alternative slip-resistant fasteners are thus considered. Using HSFG
bolts is not a viable option for old bridges due to the corrosion and paint layers, because this leads to
low friction between the plate surfaces. Riveting is excluded to the lack of skilled labor. The remaining
repair methods are fitted bolts and injection bolts. The high cost associated with fitted bolts makes
injection bolts a good alternative in this application.

A successful application of injection bolts to repair a riveted structure is performed on the Schlossbriicke
Oranienburg. [9] A cross-section detail of the bridge design is shown in Figure 4. An image of the
corrosion of the steel structure and the repair executed with injection bolts is shown in Figure 5.

For this project, long duration creep tests were performed to investigate the design bearing stress allowed
on the resin. An allowable design bearing stress of 150 MPa is reported. The influence of temperature
on creep for injection bolts is reported to be only of moderate influence on the results. [9]

Numerical analysis of a riveted connection repaired using an injection bolt has shown that the load
transfer of surrounding rivets increased. This is attributed to the low stiffness of the resin. Execution
guality of the injection has a large influence on this load transfer in a repaired connection. [10]
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Figure 4 Cross-section of Schlossbriicke in which injection bolts were used for repair [9]
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Figure 5 Corrosion of steel structure and subsequent repair with injection bolts [9]

7.1.2 Glass roof structure Amsterdam Centraal station

Injection bolts have been successfully applied for compact connections in a glass roof structure near
Amsterdam Centraal station. [11] In this project, the rotations introduced with normal bolted connections
were too large. Injection bolts have been applied successfully in this application to limit rotations in the
connections of the glass roof structure. The connection in which injection bolts were the solution are
shown in Figure 6. [11]
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Figure 6 Connection in glass roof structure for which injection bolts were applied [11]

For this project research has been carried out in the Stevin Laboratory of the TU Delft on the bearing
resistance of the resin. Short duration loading and long duration loading has been considered in this
research. [11] [12]
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A test specimen for this research is shown in Figure 7. The result of this research has been reported in a
separate publication [12]. Here the results from the test procedure according to EN-1090 is reported [8].
From this research the design bearing stress of RenGel SW404/HY 2404 resin can be taken as f} esin =
200 MPa and for short duration high loads the bearing stress of the resin can be taken as 280 MPa. [12]
This higher resistance of the resin layer for short duration loading is already remarked in previous
research as well [13].

Figure 7 Test specimen to investigate bearing stress of resin for glass roof structure of Amsterdam Centraal station
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7.2 Resins

7.2.1 Chemical background of epoxy resins

Polymers are chemicals with a chain of repeated elements in their molecular structure. Epoxy resins are
a class of polymers which contain an epoxide group. These epoxy resins are a viscous liquid substance
before curing of the resin takes place. The viscosity of the uncured epoxy resin product is dependent on
the length of molecule chains, i.e. the pre-polymerization degree. [14] [15]

@)

R\ /1R
R? R3
Figure 8 Epoxide group that characterizes epoxy resins [16]

When an epoxy resin is applied, the resin must be cured. Curing is a chemical reaction that forms the
final structure of the resin. Epoxies are available in practice as one component or two component
products. One component epoxies create the final structure through a process called homo-
polymerization. Two component products reach their final state through copolymerization. In this
process of curing the resin, the individual chains of molecules react to form a 3-dimensional network of
bonds. This reaction between individual molecules is called cross-linking. Through this cross-linking of
molecules, the resin transforms from a liquid to a solid. An illustration of the chemical structure of a
resin after curing with a hardener has taken place is shown in Figure 9. [15] [14]

Figure 9 molecular structure of copolymerized resin with hardener (in red) [17]
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In homo-polymerization the resin chains react with each other to form the final resin structure. A two-
component resin product consists of a resin mass combined with a hardener. This hardener is a reactive
chemical which initiates the reaction between the polymer chains of the resin molecules. Through the
application of a hardener the degree of cross-linking can be engineered to gain different properties of
the final cured resin product. [14] [15]

7.2.2 Curing aspects of Epoxies

One of the most important aspects of an epoxy resin is the behavior during curing. When the resin and
hardener is mixed the chemical reaction that causes the curing is started. The viscosity of the resin
mixture will start increasing from the moment of mixing until finally the resin reaches a solid state.

For practical applications the speed of this increase in viscosity after mixing is important. This is
reported as pot life for a resin product. The definition of pot life is the amount of time it takes for the
initial viscosity of the mixed resin to double (or quadruple for low viscosity products <1000 cPs) [18].
Another term to describe the speed of reaction is the working time. This is the time it takes for a resin
to have a viscosity such that it cannot be applied anymore. Working life of a resin product is thus
dependent on the specific application. [14] [15] [18]

The chemical reaction that occurs during curing of epoxy resins is exothermic. This means the resin
gives us heat when curing. When a large amount of resin is mixed and in a contained volume the
exothermic reaction can cause a snowball effect whereby the reaction heats up the resin mass which
increases the speed of the reaction causing the resin to cure extremely quickly and is potentially
hazardous. [19]

7.2.3 Influence of temperature on epoxy resins before and during curing
Temperature is a very important parameter for epoxy resin products and their application. The
temperature of the epoxy resin itself before curing influences the viscosity of the mixed product. The
viscosity of the resin will be lower at higher temperatures due to higher molecule mobility. The
temperature of the epoxy resin also influences the speed of the curing reaction. At higher temperatures
the pot life of the resin product decreases.

The final material properties of the cured resin product are dependent on the cross-link density. At high
temperatures the cross-linking reaction between the hardener and resin mass will be more complete
ensuring a high cross-link density.

7.2.4 Material properties of epoxy resins after curing

The material properties achieved by an epoxy resin are dependent mostly on the epoxy chemicals used
and the curing conditions. An important aspect of epoxy resins after curing is the glass transition
temperature T,. Cured resins show a dramatic change in material properties above a certain temperature.
This temperature signifies the change between a glass and rubber like state. This is illustrated in Figure
10. [14] Resins with high cross-link densities such as epoxy resins have high glass transition
temperature. [20] The achieved glass transition temperature of the epoxy also depends on the
temperature during curing. [20]
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Figure 10 Glass transition temperature of various resins [14]
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7.2.5 Defects in epoxy resin

7.2.5.1 Voids

The occurrence of voids in the resin layer is the most important type of defect that can occur in the resin
layer. They greatly influence the strength and stiffness of the resin material. The occurrence of voids
can be caused by several issues. First is shrinking of the epoxy during curing. When the epoxy is injected
in a closed volume and left to cure, the volume of the epoxy will shrink due to the curing process. [15]
The amount of shrinkage is dependent on the resin product. Due to this shrinkage voids will occur in a
closed volume. [21] Void 1 in Figure 11 occurs due to shrinkage before the rubbery state is reached [21].
This void rises to the top of the resin mass due to the buoyancy of the air. Voids also occur after the
rubbery state. These are caused by peak residual stresses that are generated by the shrinkage effect. [21]

15t Void Initiation & growth
before gelation

2 @z/
4 %
% Z
%
4 7
2 7
| — | —
% 7 S
;; g 2nd Void Initiation
d gelati
é é around gelauon
(2) (b) (©)

Figure 11 initiation of voids during curing of resin in closed volume [21]

Voids can also be introduced through the application of resin. A lot of research has been done on the
production process and injection procedures for composite structures. An elaborate review of void
formation, and the effect on the material properties for carbon fiber reinforced plastics is done by Xueshu
Liu [22]. From this overview, the temperature of the mold, the used injection pressure and the type of
resin used influences the occurrence of voids in carbon fiber reinforced plastics, when using a Resin
Transfer Molding process (RTM) [22]. In this process it was found that for high injection pressures
micro-voids were formed and at low pressures macro-voids are formed. [22]
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7.2.5.2 Inhomogeneous mixing

Resin products consisting of a hardener and a resin mass in a two-component system can suffer from
defects due to the improper mixing of the components. An incorrect mixing ratio can lead to an under-
cured resin matrix with a low cross-link density, or if too much hardener is added this does not react
with the resin mass, due to full curing already having occurred before the hardener is used up.
Furthermore, the hardener must be uniformly distributed throughout the mixture. Inhomogeneous
distribution of hardener can locally result in a wide scatter of performance with the solid resin layer and
introduce stress peaks [23].

7.2.6 Material properties

The material properties of epoxy resins in IBC which are most interesting relate to the strength and
stiffness of the resin after curing. Furthermore, the viscosity and pot life are of interest for the injection
procedure of the bolts. Lastly the time-dependent behaviour of the resin is of importance.

7.3 Resin products applied in injection bolts

Currently the only resin product allowed for injection bolts in the projects of the Dutch ministry of
infrastructure is RenGel SW404 with HY2404 [1]. Also referred to in literature as Araldite
SW404/HY 2404 [24]. From research on injection bolt connections with this resin performed in relation
to the Amsterdam Centraal project the long duration bearing stress of this resin can be taken as f, yesin =
200 MPa and the short-term bearing resistance of f}, ;esin snore = 280 MPa. [11] [12]

The young’s modulus of this resin ranges between 9 to 9.5 GPa. The strength of this resin in a uniaxial
compression test is reported to be 110 — 125 MPa. [24] From numerical analysis on this resin applied
in injection bolts the stiffness values found range from 3.2 — 5 GPa. [10] [25]

Results from double lap shear tests with repeated loading are reported for the Amsterdam Centraal
project in Figure 13. [11] The effective bearing stress values here far exceed the supplied material
strength from the manufacturer specification. [24]

7.3.1.1 Compressibility

The resin layer in an injection bolt is confined laterally when loaded. The test procedure to determine
the compressive strength of resin is outlined in ISO 604 [26] this is a uniaxial compression test [26]. In
Figure 12 results on Polycarbonate tested in compression with different types of confinement is shown
from other research [27]. A clear effect on stiffness and strength is observed for this polymer depending
on the confinement conditions.
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Figure 12 Compression tests on Polycarbonate with different types of confinement of the specimen [27]
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Figure 13 Repeated loading on double lap shear joint with RenGel resin [11]
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7.3.2 Alternative resin application for injection bolts

In current research Sikadur 30 resin is investigated as a possible resin for use in injection bolts. From
Figure 16 results of test injections on Perspex mock-up samples with Sikadur 30 and RenGel SW404
can be seen. [28] The washers in the injection bolts have been optimized to ensure proper flow of resin
around the bolt shank. The different washer designs investigated in this research are shown in Figure
14. [28]

Figure 14 Bolt head washer designs investigated in research on Sikadur 30 and RenGel resin IBC in FRP
structures [28]

In this research testing is performed on double lap shear specimens with FRP plate material. The
orientation of the bolts in the specimens is controlled to be concentric with the bolt hole clearance using
an installation jig which is shown in Figure 15 [28].

Figure 15 Installation jig to control bolt position in plate assembly [28]
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Figure 16 Sikadur 30 and RenGel SW404 Perspex mockup samples to check filling of bolt [28]

Strength values found for Sikadur 30 resin in this research are very comparable to RenGel
SW404/HY 2404 Resin as illustrated in Figure 17. [29]
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Figure 17 Left: test result on RenGel SW404/HY2404 Right: Test result of Sikadur 30 resin [29]

7.3.2.1 Other tested epoxy resins

From research done in the Stevin Laboratory two other resin systems were investigated. [30] These are
Araldite GY250 with XB2571 hardener and Araldite CW214 with XB2571 hardener. These resin
systems are reported to have such low viscosity clay had to be used to prevent resin flowing out of the
air escape groove and injection hole in the bolt head. Furthermore, they showed no improvements over
earlier mentioned RenGel SW404/HY2404. Strength values achieved with these resin systems were
lower than RenGel SW404/HY2404. [30]
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An update on research and application of Injection bolts is published as this research was ongoing. Here
Sikadur 33 and Sika AnchorFix are reported as injection resins for use in the repair of a roof structure
suffering reversal movements due to a suspended crane. [31] From this publication it is mentioned that
Sika AnchorFix was the most suitable resin for this application. The curing time was a lot shorter than
the Sikadur 33 resin which meant the crane had to be taken out of service for a shorter time period. [31]
It is also mentioned that the curing of Sika AnchorFix was more reliable. It is reported though that the
short duration resistance of the Sikadur 33 resin according to the specification of EN 1090 was 20%
higher than Sika AnchorFix [31] [8]. Also in this application reference is made to alternative washers
that facilitate the injection procedure instead of the hole in the bolt head as is specified in EN 1090 [8]
[31]

7.3.3 Other injection materials

Parallel to this research carried out on epoxy resins for use in injection bolts the use of grout has been
investigated by M.P. Nijgh [32]. In this research similar strength values are reported for grout injected
connections as for resin injected connections. The successful injection though was dependent on the
washer positioning around the bolt head. [32] Furthermore, air inclusions were observed in the grout.
This is attributed to the use of super-plasticizer in the grout mixture. Results of short duration static tests
done on grout specimens in this research with different hole clearances is illustrated in Figure 18. [32]
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Figure 18 Test results on grout injected bolted connections with different hole clearances [32]
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7.4 Injection methods for resins

Injection bolts can be injected successfully using hand-driven and air driven injection guns. Injection is
successful when the resin completely fills the void between the bolt shank and bolt hole [5]. The product
should also not run in between the plate surfaces during injection [5]. From research in the Stevin
Laboratory it was found that injection with hand-driven equipment does not pose any problems for short
bolt lengths. [33] For longer bolt lengths issues were seen in this research with hand-driven equipment.
Resin flowed out of the rear of the cylinder due to deformation caused by the high pressure applied. [33]

In this research air-driven injection equipment was also investigated for the injection. This proved to be
an effective method of filling the injection bolts also for long lengths. [33] Results of the injection time
required on M27 bolt specimens with a clamping length of 170 mm are reproduced here in Table 1. [33]
It is recommended to use high pressures when injecting long bolts in this research to limit the injection
time per bolt. [33]

Table 1 Injection times with various pressures for M27 injection bolts with 170 mm clamp length [33]

Applied pressure [Bar] Time to inject bolt [s]

7 80

7 284
13 25
10 130
13 29

7.4.1.1 Injection methods in other applications
Resin products are widely applied in the fabrication of composite structures in practice. In the fabrication
of composites two main methods are currently applied:

- Resin transfer moulding (RTM)
- Vacuum assisted transfer moulding (VARTM)

An illustration of these injection methods is shown in Figure 19. The main advantage of VARTM is the
removal of the top mould. This steel element is associated with high tooling costs and is replaced by a
vacuum bag in the VARTM process. Resin flow in these production methods is modelled in work by X.
Song [34]. The model developed by Song is used for optimizing flow velocity to reduce the porosity of
the resulting composite.
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7.5 Other considerations for Injection bolts

7.5.1.1 Curing time and temperature

The time necessary for curing to take place in an injection bolt is roughly 20 hours. This is sufficient for
regular construction methods because the connection is not immediately fully loaded. In specific
applications such as repairs on bridges which are in use this curing time cannot be reached before the
connection is loaded. [35]

In the Stevin Laboratory tests have been done on the effect of temperature on curing time in injection
bolts. [35] The conclusions of this research are that specimens which are heated after injection show
good resistance of around 182 MPa already 3 or 4 hours after curing. It is remarked though that heating
directly after injection causes the resin to flow out of the injection bolt. Therefore, it is recommended to
wait around 20 minutes after injection before the connection is heated. [35]

Relating this to the background on epoxies explained in Curing aspects of Epoxies the viscosity of the
resin decreases due to the applied increase in temperature. [14] [15] [18] The timeframe of 20 minutes
coincides with the pot life of RenGel SW404/HY 2404 as supplied by the manufacturer. [24].

7.5.1.2 Presence of water during injection

Injection bolts are applied during fabrication of a steel structure on site. This means the structure is
exposed to weather influences. With this background research has been carried out in the Stevin
Laboratory to investigate the influence water presence has on the strength of injection bolts. [30] In this
research specimens were flushed with water immediately before injection. This had a significant
influence on the bearing strength of the connection. The results of this test series are shown in Figure
21. In this figure the specimens marked “w” were flushed with water immediately before injection. [30]

It is noted in this research that this is not a realistic situation for practical application. Therefore, a second
series of tests was performed, where specimens were assembled and left exposed to elements such that
water could penetrate the connection. The specimens were injected when one day of dry weather
occurred after a period of rain. [30] In this approach no differences in strength were observed between
dry and wet specimens. Therefore, it is recommended from this research to wait at least one day after
rain before injection of pre-assembled injection bolts takes place. [30]
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Figure 21 load-slip results of 3 resin products in double lap shear tests in wet and dry application [30]

7.5.1.3 Combination of preload and injection

Research into the combination of a preloaded and injected connection has been done by various authors
[36] [37] [38] [39] [40]. In Figure 22 Results of Rugelj are shown [40]. In blue a connection with a
combination of preload and injection is shown, in black a connection with just preload and in green just
injection. The dots in corresponding colour as above show the characteristic value of these tests. [40]
The dot in red is the calculated capacity of a connection with injection and preload according to EN
1993-1-8. [41] This is lower than the tested value at a displacement of 0.15 mm. From this research it is
concluded that the calculated capacity according to EN 1993-1-8 is reached at a slip of 0.2 mm. [40]
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Figure 22 load slip results of tests with injection, preloaded and injection-preloaded bolt connections [40]

It is noted though that the fatigue resistance of this combination is a point of discussion. Experimental
research has shown that the fatigue resistance of connections with preload and injection is lower than
preload alone [42]. Recent numerical analysis of connections with preload and fatigue though indicates
higher fatigue strength [39].

7.5.1.4 Demountability

At the end of the service life of a steel structure it can be disassembled to recycle the steel structure.
With this in mind, research has been done by Smits and Bouman on separating liquids in an injection
bolt application [43]. Recently the demountability of injected bolted connections has been researched
extensively by Nijgh [32]. From this research and earlier research an injection bolt can be disassembled
if a release agent is used. Without this precaution during assembly it is very difficult to disassemble the
bolt. [32]
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7.5.2 Creep

Resins show time-dependent behavior under loading. [44] The creep behavior of resins is dependent
upon the load placed on it as is evidenced by research. Further the temperature of the resin layer also
impacts the creep behavior [9] This is illustrated in Figure 23. As mentioned earlier the influence of
temperature for the applied resin in this test (RenGel SW404/HY2404) is moderate. [9] The average
creep at ambient temperatures was found to be 0.19 mm in this research while 0.24 mm was found at 70

degrees Celsius and a bearing stress of 250 N /mmz. [9]

The creep response of crosslinked polymers depends mostly on the crosslink density and the temperature
of the polymer [45]. A higher crosslink density will increase the dimensional stability of the product and
lower the creep rate [45]. A high crosslink density is associated with a high glass transition temperature
[20].
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Figure 23 displacement over time of injection bolt at 70 degrees Celsius [9]

7.5.3 Durability of Injection Bolts

The properties of epoxy resins are subject to degradation over time due to ageing processes. This can be
initiated through exposure to water, high temperatures and other aggressive fluids. [46] This is
documented in research into composites and adhesive joints. [46] [47] The combination of both water
presence and high temperatures on degradation processes is not yet well understood. [47] These
degradation processes could be of influence on the durability of an injection bolt if the connection is
exposed to them. An advantage of injection bolts is the corrosion protection. [5] In the ECCS
recommendations it is mentioned that internal corrosion of the steel structure is prevented by the resin
completely filling the cavity of the bolted connection. [5]
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7.6 Regulations and standards

7.6.1 Injection bolts

Regulations regarding the use of injection bolts in a structural engineering context are specified in EN-
1993-1-8 and EN-1090 [8] [41]. The regulations from standard EN1993-1-8 are related to the calculation
rules that can be used in the design and checking of injection bolts in structures. The regulation from
EN-1090 specifies the material and detailing of components for application as an injection bolt in a
structure.

7.6.2 Regulations regarding detailing and materials

In Figure 24 a cross-section of an injection bolt fastener system is shown in a double lap shear
connection. The different components of the injection bolt assembly are shown in Figure 25. This
consists of the injection bolt, nut and the washers for the head and nut side.

7.6.3 Bolt

The bolts that can be used as injection bolts are all fasteners of steel grade 8.8 and 10.9 that are allowed
for use in preloaded and non-preloaded connections. The details and regulations for fasteners are found
in EN 14399 and EN 15048 [48] [49]

For application as an injection bolt a hole must be made in the head of the bolt to facilitate the injection
of the resin material. The dimensions of this injection hole are specified in EN 1090 Annex K. This is
shown in Figure 26. [8]

injection hole chamfered washer
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Figure 24 Cross-sectional overview of an injection bolt fastener system [5]
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Figure 25 Injection bolt assembly components

7.6.4 Washers

To apply the injection of resin in the connection special washers must be used for the assembly. The
washer design that can be used for injection bolts is also outlined in annex K of EN-1090 [8]. This
washer design has a chamfered side on the head side to allow the resin to flow from the injection hole
around the bolt shank and into the hole clearance between the shank and the bolt holes in the plates. The
washer on the nut side has a groove machined into it. This allows air to escape from the cavity between
the bolt shank and bolt hole during injection to allow complete filling of the injection bolt. The
geometries of the chamfered side and machined air escape groove are shown in Figure 27. For an
example of these washers refer to Figure 25.

& 55 mm
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Figure 26 Specified dimensions of injection hole in bolt head from EN 1090 annex K [8]
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Figure 27 left: chamfered washer on head side right: air escape groove washer on nut side [8]

7.6.5 Bolt holes in steel plates

The bolt holes to be used for IBC are the same as regular bolted connections. The dimensions for these
holes are specified in the EN 1090 in section 6.6.1. The nominal dimensions of the bolt hole must be 2
mm larger than the bolt diameter for bolt sizes up to M27. For larger bolts the clearance is increased to
3 mm. These clearances are necessary to take tolerances during fabrication and erection into account for
assembly on-site. [8]

7.6.6 Resin

The material used for injecting the bolt is specified in EN 1090. A two-component epoxy resin must be
used. The pot life of this product is required to be at least 15 minutes according to the guidelines. The
exact resin to be used is not specified in the codes. The result of the injection with the product is
specified. All cavities in the connection should be filled and resin should not flow out of the bolt after
the injection is stopped. [8]

7.6.7 Design and calculation of Injection bolts

Design and calculation of injection bolts is guided by the calculation rules and methods explained in the
EN 1993-1-8 [41]. In the calculation of bolted connections, the connection class as outlined in Table 3.2
of EN 1993-1-8 determines the calculation method. Non-preloaded connections fall in Category A
connections. Category B and Category C connections are preloaded. Injection bolts are allowed to be
used for all three categories of connections. [41]

7.6.7.1 Static design resistance

The design shear load on an IBC should not exceed either the shear resistance of the bolt or the design
bearing resistance of the resin. For a preloaded injection bolt connection in category B or C the load
should not exceed the design slip resistance of the bolt plus the bearing resistance of the resin at the
relevant limit state. The design ultimate shear load should furthermore not exceed the design shear
resistance of the bolt and the bearing resistance of the bolt. [41]This is shown concisely below:

FRd,A = mln(Fb,Rd,resinr Fv,Rd)

Frap/c = min(Fsrq + Fp raresins Fuv,ra» Fo,ra)

The design bearing resistance that can be taken into account in an IBC is concisely defined in EN 1993-
1-8 as follows:

kt ' ks : tb,resin : B : fb,resin
Yma

Fb,Rd,resin =
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Is the bearing strength of an injection bolt
Is a coefficient depending on the thickness ratio of the connected plates
Bearing strength of the resin
Effective bearing thickness of the resin
Coefficient for the limit state (1.0 for SLS and 1.2 for ULS)
Coefficient for the hole clearance (1.0 — 0.1 - m)

The difference in mm between the normal and oversized diameter to be used for

k

S
The coefficient k; considers the difference in the short term allowable bearing stress compared to the
long term bearing stress of the resin, where creep of the resin layer plays an important role. The value
1.2 is chosen by engineering judgement. [31]

The values to be used for coefficients 8 and t;, ,..s;, are shown in Table 2. These coefficients consider
the connection geometry. The stress occurring in the resin layer depends on the ratio of the thicknesses
of the cover and center plate in the connection as exemplified in Figure 28.
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Figure 28 Resin layer stress in IBC depending on the ratio of plate thicknesses [41]

Table 2 coefficients B and ty, resin depending on t; /t, for use in calculation of design bearing resistance [41]

?'| ! F] ﬁ r':!.'r\e*.'in

=20 1.0 26< 15d
1L0<h/ <20 1,66 - 0,33 (n [ ) h=154d

< 1,0 1,33 h=15d

The coefficient t;, .5, COnsiders the total thickness of the plate package. The stress distribution in the
resin layer does not remain uniform for larger values of the L/D ratio. This is caused by bending
deformation of the bolt. Only an effective length of the resin layer can be taken into account for the
calculation for long joints. This is illustrated in Figure 29.

28
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Figure 29 actual and effective resin stress distribution take into account in long joints with IBC [5]

7.6.8 Resin test procedure for injection bolts

The procedure for testing the allowable bearing stress on the resin product in IBC is outlined in annex
G of EN 1090 [8]. This procedure outlines the test of slip factor determination of preloaded connections
but should also be used for injection bolts. The resin must be tested in double lap shear connections with
specimen geometry according to Figure 31. The specimen on the left must be used with M20 bolts and
@22 mm holes. The specimen on the right must be applied with M16 bolts in @18 mm holes. [8]

For injection bolts the specimen must be assembled such that the resin layer loaded in compression is
maximized. [8] This is the most unfavorable loading position since the resistance is determined at a set
displacement. With a thicker resin layer the strain in the resin is lower to reach the displacement and a
lower strength value results. An illustration of the resulting bolt position and resin layer is shown below:

Figure 30 Resin layer in most unfavorable position of bolt for test procedure of EN 1090

Furthermore, the surface treatment of specimens must be the same as will be applied in the application
for which testing takes place. Also Resin curing time must be explained. Either by referring to
recommendations or through a description of the real procedure. [8]
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Test procedure outlines initially 5 specimens must be tested. 4 test specimens must be tested in the
regular way which is a load controlled tensile test, with a loading speed such that total test time ranges
between 10 and 15 minutes. The slip in the connection should be measured through the relative slip
between the center and cover plates of the specimen in the heart of the connection. This is indicated in
Figure 31 as points a and b. The test is considered finished when an average slip at these points a and b
on both sides of the connection of 0.15 mm is measured. Each connection gives a separate slip force at
0.15 mm. [8]

The fifth specimen in the test protocol should be loaded to 90% of the average slip force of the previous
4 specimens (so 8 results). For this fifth specimen, the slip in the connection 5 minutes after this 90%
value is reached should be recorded. If the change in displacement 3 hours after applying the load is
less than 0.002 mm the specimen should be loaded as the previous four specimens. [8]

If the 0.002 mm value is crossed an extended creep test should be done on the connection to verify long
term bearing stress. [8]
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Figure 31 Prescribed specimen geometry for testing of allowable resin bearing stress in injection bolts [8]

The extended creep procedure specifies 3 specimens (6 connections) should be tested. The load should
be chosen using the result from the short duration creep test on the fifth specimen as mentioned above
and any already performed extended creep tests. Secondly the force for this creep test can also be
selected based on the specific application for which testing is carried out. [8]

In the long duration creep test it must be verified that the slip in the connection for the service life of the
structure, 50 years unless otherwise specified, shall not exceed 0.3 mm. For the assessment of results a
displacement- time diagram shall be plotted with time on a log scale. In this graph the displacement may
be extrapolated linearly to determine that the specimen meets the 0.3 mm slip requirement at the service
life time. This is shown in Figure G.2 of EN1090. Reproduced here below in Figure 32. Here three
results are shown with the linear extrapolation of the curves of specimen 1 and 2 shown in a dashed line

[8].
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Figure 32 load-log time diagram of extended creep test procedure from annex G EN 1090 [8]

7.6.9 Other relevant regulations for injection bolts

To set the stage regarding the state of regulation and research into other load cases than mentioned above
in Design and calculation of Injection bolts are discussed here. These load types are not applied in this
research but it gives an idea of the state of the art regarding injection bolts in a broader application.

7.6.10Fatigue loading for Injection bolts

The structural resistance of connections loaded by fatigue loads is governed by the standard EN 1993-
1-9 [50]. The main determinant of fatigue loading is the detail category of a connection. [50] This
number represents the constant amplitude stress range for which the design value of the resistance in
number of cycles is 2 - 10° for that type of connection. The detail category for fatigue loading of IBC
in double lap shear joints is shown in Table 3 below against those for normal bolted connections.

Table 3 Fatigue detail category of double lap shear joints with regular- and injection bolts

NON- PRELOADED
PRELOADED
REGULAR BOLTED
CONNECTION 50 112
INJECTION BOLT
CONNECTION %0 112

7.6.11Pre-tensioned connections

As discussed previously shear connections with bolts can be either preloaded or non-preloaded. In
category B/C connections preload takes care of (part) of the load transfer. This is done through friction
between the contact surfaces of the connected steel plates. This is illustrated in Figure 33.

The design resistance of this type of connection is discussed in EN 1993-1-8. Important for load transfer
is the contact surface between the plates. This is taken into account in the slip factor u which depends
on the surface treatment of the steel plates in the connection. [41]
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Figure 33 Load transfer of shear connection through bearing (left) and friction due to pretension (right) [51]
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8 Material and Methods

In this chapter the procedure for performing of tests and the used materials are explained to answer the
research goals of this Master thesis. First the selected alternative resins will be discussed.

8.1 Resin Selection

From the review of the state of the art reported on in Chapter 7 it was found that limited knowledge is
available about possible alternative resins for the injection bolt application. From a review of the
chemical properties and background on epoxy resins the following properties were identified as
important parameters for this application:

e The viscosity of the resin mixture

e The pot life of the resin product

e The glass transition temperature of the resin product after curing
e The curing shrinkage of the resin product

o Mechanical properties of the resin after curing.

Also, successful application of a resin product in IBC in other research is considered for the selection of
alternative resins. (Note: at the time of resin selection the author of this research was unaware of the use
of Sika AnchorFix and Sika Sikadur 33 for injection bolts as reported on by Gresnigt [31])

Due to the limited knowledge about the optimal range of the aforementioned parameters for this
application suppliers of resin products were contacted directly to discuss the possibilities. From this
contact with manufacturers and by considering the done research on resins for injection bolts products
were selected for testing.

An overview of the used products for this experimental program and some general remarks about their
basic properties is given here. For the resin products used in this research detailed information from the
PDS is attached in Appendix 16.

8.1.1 RenGel SW404/HY 2404

The currently applied epoxy resin in practice RenGel SW404 with HY 2404 is used as a reference for all
tests. This resin is the benchmark against which the alternatives can be measured. This product has a
bright blue color after mixing. For detailed product specifications refer to the attached PDS in Appendix
16. [36] In Figure 35 the two resin components are shown. In Figure 34 a Perspex mockup sample of
an injection bolt with RenGel Resin is shown.
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Figure 35 RenGel SW404 resin with HY2404 hardener

8.1.2 Sika Sikadur-30 Resin

Sikadur-30 is one of the alternative resins tested in IBC’s in this research. This product has a grey color
after mixing. In Figure 36 the resin applied in an IBC is shown. For detailed product specifications refer
to the attached PDS in Appendix 16. [52]
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Figure 36 Sikadur-30 resin in demounted IBC

8.1.3 Sika Injection 451 Resin

Sika Injection 451 is another alternative resin used in the testing procedure. This resin product is
transparent with a slight yellow hue to it after mixing. The viscosity is far lower than the other products
appearing almost water-like after mixing. The viscosity mentioned in the PDS of this resin is 100 mPa -
s. [53] For more detailed product information refer to Appendix 16 where the PDS is attached [53]. In
Figure 37 the two components of the resin packaging are shown.
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Figure 37 Sika Injection 451 components

8.1.4 Edilon Dex R2K resin

Edilon Dex R2K resin is a product used for structural bonding of anchors in concrete structures. [54]
This resin has a very dark grey color after mixing. This product is supplied in a double caulk tube with
the correct resin component ratio. This resin is mixed with a special nozzle that fits on this double caulk
tube packaging. A special injection gun is used for this double cylinder caulk tube. For detailed product
specifications refer to the PDS of this resin attached in Appendix 16. [54] The mixing nozzle, injection
gun and resin packaging is shown in Figure 38 and Figure 39.
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Figure 38 Edilon Dex R2K injection gun

O

39 Dex R2K double caulk tube packaging and mixing nozzle

8.1.5 Edilon Dex G 20 Resin

Edilon Dex G 20 is the second product from manufacturer Edilon)(Sedra tested as a possible alternative
for RenGel SW404/HY2404. This resin is normally applied through pouring [55]. Contrary to Edilon
Dex R2K this resin is mixed manually and supplied as two separate components. The viscosity of this
resin is 11 Pa - s at 25 degrees as stated in the PDS of the product. [55] Refer to the full details of this
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product in the PDS attached in Appendix 16. [55] This resin product has a light gray color after mixing.
The resin packaging is shown in Figure 40.

Figure 40 Two components of Edilon Dex G 20 resin product
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8.2 Other used material

To perform testing in the Stevin laboratory on injection bolts several materials were used. These are
discussed below.

8.2.1 Fasteners

The bolts used for this experimental program are HV 10.9 bolts modified for use as injection bolts. A
hole is drilled in the head according to the dimensions specified in EN 1090-2. These hole dimensions
are shown in Figure 41.

/5,5 mm

/3,2 mm

—

Figure 41 hole in bolt head for IBC [8]

The washers used are also according to EN 1090-2 for use in IBC applications. The washer at the bolt
head side has a chamfered side which allows resin to flow from the hole in the bolt head around the
shank of the bolt and into the bolt hole. The washer at the nut side has a machined groove to let air
escape from the connection during injection.
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Figure 42 chamfered washer and air escape groove washer overview [8]

The nuts are standard HV 10.9 nuts with oversized thread to work in conjunction with the galvanized
thread of the bolts. A full fastener assembly is shown in Figure 43.
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Figure 43 Fastener assembly of injection bolt with bolt, washers and nut

8.2.2 Plate Material

All plate material used in the experimental program is steel. The steel grade used was S355. The plates
in the testing program were reused from preload slip factor tests performed in the Stevin laboratory. The
dimensions of specimens were conform the guidelines laid out in NEN-EN 1090-2. [8] An overview of
the used plate dimensions is shown in Figure 44.
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Figure 44 Plate dimensions double lap shear test specimen

For the tests on the resin stress distribution with long bolt lengths leftover plate material from the lab
was re-used. This was cut to size to be used as a test specimen. An overview of the steel plate dimensions
used in the long bolt tests is shown in Figure 45 and Figure 46.
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Figure 45 Plate dimensions for long bolt test I/d ratio 3
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Figure 46 Plate dimensions for long bolt test I/d ratio 4

The plate material used in testing had varying surface treatments. This meant the slip factor u varied
between specimens. A qualitative overview of the different faying surfaces is given in the following
table:

Surface treatment Indication of slip factor [56]
Grit blasted 0.5
Zinc spray-metallized 0.4
Epoxy coating Very low
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8.3 Tools

For the assembly of specimens some general and specific tools were used. These are discussed in order.

8.3.1 Injection gun

For the injection, a hand operated injection gun is used. This allows the operator to get a better feel of
the resin flow during the injection through the applied pressure. The used resin products are two
component epoxy resins. They are mixed according to the manufacturer specifications as supplied in the
PDS of the respective product, using a scale. The resin is then poured into a caulk tube which can be
used in the injection gun. An injection nozzle is screwed onto this caulk tube that fits in the hole in the
bolt head. The tube is sealed at the back using a plastic end cap. images of the caulk tube, plastic caps
and injection nozzles as well as the used injection gun are shown in the figures below:

Figure 47 Hand-Driven injection gun used to inject bolts
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Figure 48 Caulk tube with injection nozzle and tube end cap

For the Dex R2K resin a different injection gun was supplied. This injection is also hand driven. The
Dex R2K caulk tube is placed directly in this injection gun and a mixing nozzle is attached to the tube.
To correctly inject the bolt a standard injection nozzle is cut to size to fit on the mixing nozzle of the
Dex R2K product, since this had a too large opening to fit inside the hole in the head of the bolt. The
mixing nozzle is already shown in Figure 39.

8.3.2 Other general tools

To assemble the fastener systems for the IBC specimens some other general tools were used. These
include various wrenches as well as a torque wrench to apply a specific preload in the nuts during the
injection and curing of specimens. Furthermore, modelling clay was used to close the air escape groove
and hole in the bolt head for resins which flowed out of these openings after finishing the injection
procedure. The used clay for closing the openings of the IBC is shown in Figure 49.
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Figure 49 Modelling clay used for closing air escape groove and bolt head hole
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9 Test procedure and setup

The tests performed in this research are double lap shear tests on IBCs. Two test setups in the Stevin Il
laboratory of the TU Delft are used to perform the tests. In both machines the specimen is placed
vertically and fixated with hydraulic clamps at the top and bottom of the center plate of the specimen.
The load on the specimen is applied by a hydraulic jack located in the bottom of the machine. The
maximum load of machine 1 is 500 KN (hydraulic clamp capacity), used for all tests on standard
specimen dimensions. The other machine used for double lap shear tests on specimens with thicker
plates has a maximum load of 600 kN. An overview of specimens in the testing rigs is shown in Figure
50.

Figure 50 Test specimens in test rigs for double lap shear tests
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9.1 Specimen assembly and fabrication
Specimens used for testing in this research are assembled in the Stevin Laboratory of the TU Delft. The
method used for assembling the specimens to ensure proper test results is discussed now in detail.

To assemble a specimen the center- and cover plates are placed on a flat working surface in the lab and
the bolt holes drilled in the plates are aligned for assembly. The bolts to be used in the specimen are
checked visually to see no debris is inside the injection hole in the bolt head. If this was the case any
metal shrapnel from drilling was removed before continuing assembly.

The bolt, nut and washer assembly is then placed in the bolt holes of the steel plate and tightened loosely
by hand. After this step, the washers are checked to verify that the washers of the bolt head side and nut
side are placed in the right place and with the flat side of the washer facing the steel plates.

Following the guidelines for testing of annex G EN-1090 the center plates of the double lap shear
connection are pushed together manually to create the most unfavorable position of the bolt in the bolt
hole. [8] This procedure guarantees the maximal resin layer thickness is placed in the compressed side.
The resulting bolt shank positioning inside the bolt hole and resulting resin layer is illustrated in Figure
51.

Figure 51 unfavorable bolt shank position in bolt hole for IBC testing

After the plates are pushed together the assembly of the fastener system is checked for correct orientation
of the components. The injection hole in the bolt head should be placed at the top. The air escape groove
of the washer on the nut side is also placed facing upwards.

The nuts are tightened using a torque wrench to prescribed torque. This is done to prevent the steel plates
of the specimen to move during handling. It also prevents the resin penetrating from the bolt hole into
the contact surfaces of the steel plates in the connection. The used assembly torque is varied throughout
this research. These will be discussed in the test overview of Section 9.6.
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After specimen assembly was completed the specimens were either placed in a refrigerator at a set
temperature or injected directly. Specimens for which temperature is controlled were left in the
refrigerator for at least 24 hours before injection to ensure they reached the desired temperature. The
refrigerator used for this is shown in Figure 52. The refrigerator is temperature controlled and is double-
checked using a thermometer attached to a laptop to verify the correct temperature.
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Figure 52 Refrigerator used for controlling curing temperature of specimens

9.2 Specimen injection

Following the assembly and cooling of specimens the specimen is injected with resin for testing. For the
injection procedure, the specimen is again placed on a flat working surface with the bolts horizontal.
The hole in the bolt head for injection is again placed on the top side of the connection to prevent air
inclusions.

For the injection, the two resin components are mixed in the ratio as supplied in the manufacturer
specifications. The quantity of resin mixed for injection is enough to fill all the bolts of a specimen. The
preparation of resin is done by weighing the two components of the resin in small mixing cups using a
scale. These are then mixed by hand until a homogeneous resin mixture is created.

For the injection a caulk tube is prepared by cutting off the top and screwing an injection nozzle onto it.
The resin mixture is poured into the caulk tube taking care to keep the tip of the injection nozzle closed.
After pouring the resin into the tube it is tapped on the working surface to compact the resin and remove
air in the tube as much as possible. Then a plastic end cap is inserted in the top of the caulk tube to seal
the tube at the rear.

The caulk tube assembly is placed in the hand-driven injection gun. The piston of the injection gun is
pushed until all air in the tip of the injection nozzle is gone and some resin flows out of the tip of the
nozzle. The resin is then injected through the hole in the bolt head until the operator sees resin flowing
out of the air escape groove washer on the nut side of the specimen. During injection the pressure applied
using the injection gun is high, care must be taken to not apply too much pressure as deforming the
plastic end cap results in resin flowing out of the rear of the caulk tube.
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9.2.1 Dex R2K injection

For the Edilon Dex R2K resin the injection procedure was changed slightly. This product is supplied as
a complete system. For this resin a specific hand-driven injection gun is used with a supplied mixing
nozzle, that mixes the two resin components during injection. To use this product in the IBC application
a standard injection nozzle is cut to size to fit on the mixing nozzle supplied with the resin. This to ensure
a proper seal of the hole in the bolt head and enable injection of the bolt.

For the mixing procedure of this resin the manufacturer application guidelines are followed [57]. When
starting with application the first amount of resin from the mixing nozzle is discarded until the resin
mixture is a homogeneous dark grey in color. Injection is only started after this initial unmixed resin is
discarded from the nozzle. [57]

9.3 Specimen preparation for testing

Before testing is started a last step in preparing the specimen is done. The brackets to mount the LVDTs
used for measurements during testing are attached to the specimen. This is done by clamping the bracket
with screws on the plates of the specimen and by screwing the mounting bracket onto specially tapped
holes in the side of the steel plate specimens. When the specimen is placed in the testing rig the nuts of
the fasteners are loosened and then retightened loosely hand-tight. This is done to remove the preload
that was introduced during the assembly and curing of the specimens.
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9.4 Test procedure and measurement setup

The measurement setup for the double lap shear tests is taken from the guidelines of annex G of EN
1090 [8]. The load-slip curve of the specimen must be recorded during testing. The slip in the connection
is measured in the CBG at both sides of the connection to account for any rotation of the plates during
testing. Additional measuring of the slip on the PE of the cover plate is done in this research. In total 12
LVDTs are used to measure the displacements. The LVDTSs used are high precision with a measurement
range of 2 mm and an accuracy of 1 micron. This measurement setup is reused from earlier testing on
double lap shear connections using friction grip connections [56]. An illustration of the mounting
brackets and LVDT setup from the earlier testing program is shown in Figure 53.

Testpiece dimensions
acc. to EN1090 specs
for M20

Steel: S355
Width: 100 mm
Thickness: 10-20-10

12 High
precision LVDT's |\

- bolts M20

Inner plates coupled
during production
(identical thickness)

Figure 53 LVDT measurement bracket setup [56]

Testing performed on specimens for bolt length influence was done in a different tensile machine. For
these specimens the measurement setup consisted of 4 LVDTs measuring the slip of the connection only
at the plate edges of both connections. An image of the LVDTs mounted to the specimen is shown in
Figure 54. The distance of the LVDT mounting bracket to the plate edge is controlled during assembly
to be 35 mm using a steel spacer block when tightening the LVDT bracket to the plate.
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Figure 54 LVDTs measuring slip at PE of LD4 specimen

The load placed on the specimen is measured by the tensile test rig itself. Combining the measurements
from the LVDTSs and the force from the tensile test setup results in two separate load-slip curves for the
top and bottom connection of every specimen.

9.5 Loading procedure

As stated before the guidelines from annex G of EN-1090 are followed. The specimen is loaded in
tension with a force controlled protocol. The test is considered finished when a relative slip between
inner- and outer plates of 0.15 mm in both connections of the specimen occurs. Which is the average of
the displacement at both sides of the connection measured in the CBG.

In this research three distinct load procedures are used to test the specimens. All procedures start from
the guidelines of EN-1090. The total time of the test procedure to reach the 0.15 mm slip value should
be between 10 and 15 minutes. [8]

The initial load procedure is shown in Figure 55. The load rate for this test to reach the 0.15 mm slip

value is at 0.3 kN/s. After the test result according to the guideline of EN-1090 is found, the load is
removed and a small compressive force is introduced before loading the specimen again to 90% of the
load that was found at the 0.15 mm slip value. This load is then kept constant for a minimum of 6 hours
before the specimen is unloaded and removed from the test setup. This provides information on the time-
dependent behavior of the resin under high loads.
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0.15 mm 90% of 0.15

slip mm slip force 6+ hours

Load

Load rate 0.3 kN/s -25 kN Time

Figure 55 Initial load procedure for double lap shear tests

The second load procedure that was used in this research is shown in Figure 56. Again, the test is started
according to the EN-1090 guidelines. The load rate of this test procedure is 0.2 kN/S to conform to the
loading time specified in EN-1090. After the 0.15 mm slip at the CBG is reached the load rate is

increased to 1.0 kN/S. The load is increased until the maximum load of the test setup, 500 kN, is
reached. This provides information on the resin behavior when it is overloaded according to EN-1090.

F 3
=]
8
— 500 kN

1 kN/s
0.15 mm
slip |
/ 1
0.2 kN/s / 5 kN/s / Time

Figure 56 second load procedure with 0.15 mm slip protocol and overload

The final load procedure that is used in this research program is the exact protocol of EN-1090

guidelines. This is shown in Figure 57. Here the load rate is again 0.2 kN/S but no additional testing is

done after the 0.15 mm slip value is reached. The specimen is simply unloaded and removed from the
test setup.
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0.15 mm

slip

Load

0.2 kN/s

4

Time

Figure 57 Third load procedure for double lap shear tests

9.6 Overview of performed tests and investigated parameters

Testing in this research has taken place in several test series. Each test series has a different focus and
number of specimens tested. An overview of the number of tested specimens for each series of tests is
shown in Table 4. Due to the large variation in parameters throughout this testing program a coding
system to identify specimens is set up that indicates the values of the varied parameters. The used code
shorthand is set out in Table 5. Each of the test series and the parameters varied in the series is discussed
in more detail in the following sections. The aim of each series and how it relates to the research goals
laid out in the introduction and problem definition is shown graphically in Figure 58.

Table 4 Number of tests performed in each test series

Test series Test series number of Aim of the series
identifier specimens
initial feasibility tests In 5 Feasibility of application
temperature dependency tests T1 12 Mechanical performance of
resin products
temperature dependency T2 6 Mechanical performance of
retests resin products
temperature dependency T3 4 Mechanical performance of
retests 2 resin products
spread of Dex R2K DS 4 Mechanical performance of
resin products
Bolt length influence 1 BL1 4 Stress distribution of resin
layer
Bolt length influence 2 BL2 4 Stress distribution of resin
layer
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Table 5 Coding system for specimens

Test Resintypes specimen | temperature plate assembly load Specimen
series dimensions surface torque procedure = number*

In RenG LD2 8 Zn hand init 1

T1 dG20 LD3 16 Ep 100 Nm slipmax 2

T2 dR2K LD4 24 Gb 30 Nm slip 3

T3 Sd30 amb 60 Nm 4

DS Inj451

BL1

BL2

*for specimens with the same parameters an alphanumerical number is added to identify each specimen uniquely

Assessment of Epoxy resins for IBC

Feasibility of Mechanical Modelling stress
application performance of resins distribution in resin

Initial tests

Figure 58 Aim of test series in research project
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9.6.1 Initial feasibility tests (in)

The first test series in this research is the initial feasibility testing. The purpose of this series is to
investigate the injectability of the different resin products. It is also used as a startup for the research
into IBC and thus also served as a way of gaining experience with the injection procedure for the lab
staff in the fabrication of specimens. Testing on these specimens is done to get a first indication of the
behavior under load of the resin product for short duration and long duration loads. An overview of the
test specimens in this series with the applied resin is given here.

Table 6 Test specimens of initial test series with applied resin

Test specimen ID Resin used
in_RenG_LD2_amb_Zn_hand_init = RenGel SW404/HY2404
in_dG20 _LD2_amb_Zn_hand_init Edilon Dex G20
in_dR2K_LD2_amb_Zn_hand_init Edilon Dex R2K
in_inj451 LD2_amb_Zn_hand_init Sika Injection-451
in_sd30_LD2 amb_Zn_hand_init Sika Sikadur-30

9.6.2 Temperature dependency tests (T1)

The second test series in the research program focused on the curing temperature of the resin as the main
parameter. Testing in this series is done to get formal information on the resistance at 0.15 mm slip at
the CBG. For information on this load procedure refer to Figure 57 in Section Loading procedure. An
overview of the tests in this series with the main parameters can be seen in Table 7.

Table 7 Test specimens of temperature dependency test series with applied resin and temperature

Test specimen ID resin used temperature

T1 _RenG_LD2_8 Zn_100Nm_slip  RenGel SW404/HY2404 8
T1_dG20_LD2_8 Zn_100Nm_slip Edilon Dex G20 8
T1_dR2K_LD2_8 Zn_100Nm_slip Edilon Dex R2K 8
T1_sd30_LD2_8_Zn_100Nm_slip Sika Sikadur-30 8
T1_RenG_LD2_16_Zn_100Nm_slip  RenGel SW404/HY2404 16
T1_dG20_LD2_16_Zn_100Nm_slip Edilon Dex G20 16
T1 dR2K_LD2_16_Zn_100Nm_slip Edilon Dex R2K 16
T1 sd30 LD2_8 Zn 100Nm_slip Sika Sikadur-30 16
T1 _RenG_LD2 24 Zn 100Nm_slip = RenGel SW404/HY2404 24
T1 dG20_LD2 24 Zn_100Nm_slip Edilon Dex G20 24
T1 dR2K_LD2 24 Zn_100Nm_slip Edilon Dex R2K 24
T1 sd30 _LD2 24 Zn 100Nm_slip Sika Sikadur-30 24

9.6.3 Temperature dependency retests (T2)

In this test series, the tests from the first series on temperature is repeated partially. This is due to errors
in the execution of the first series of tests. To get more information in this series the load procedure was
changed to the slipmax version in which the specimen is loaded to the max of the testing equipment. For
more detailed information on the loading procedure of this test series refer to the section Loading

procedure and Figure 56 specifically.

Furthermore, additional testing is done in this series with plate material using an epoxy coating surface
treatment with a low slip factor u. This gives information on the influence of friction in the performed

tests.

Again, the tests of this series are tabulated in Table 8
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Table 8 Temperature dependency retests with the surface treatment, temperature and resin per specimen

Test specimen ID resin used temperature faying
surface
T2_RenG_LD2_8_Zn_100Nm_slipmax = RenGel SW404/HY2404 8 Zinc
T2_RenG_LD2_8 Ep_100Nm_slipmax RenGel SW404/HY2404 8 Epoxy coat
T2_dR2K_LD2_8_ Zn_100Nm_slipmax Edilon Dex R2K 8 Zinc
T2_dR2K_LD2_8_ Ep_100Nm_slipmax Edilon Dex R2K 8 Epoxy coat
T2_RenG_LD2_16_Zn_100Nm_slipmax RenGel SW404/HY2404 16 Zinc
T2_dR2K_LD2_16_Zn_100Nm_slipmax Edilon Dex R2K 16 Zinc

9.6.4 Spread of Dex R2K test series (DS)

The purpose of this test series is to investigate the spread that occurs in results with Dex R2K specimens
with a larger set of results. For these specimens, the torque applied during the specimen assembly
procedure was changed to 30 Nm. This is varied to remove any influence of friction between the plate
surfaces on the results. The tested specimens in this series are shown in Table 9.

Table 9 Test specimens used to investigate spread and temperature behavior of Edilon Dex R2K

Test specimen ID resin used temperature assembly
torque
DS _dR2K _LD2_16_Zn_30Nm_slipmax_1 Edilon Dex R2K 16 30 Nm
DS dR2K _LD2_16_Zn_30Nm_slipmax_2 Edilon Dex R2K 16 30 Nm
DS_dR2K_LD2_16_Zn_30Nm_slipmax_3 Edilon Dex R2K 16 30 Nm
DS_dR2K_LD2_16_Zn_30Nm_slipmax_4 Edilon Dex R2K 16 30 Nm

9.6.5 Temperature dependency retests 2 (T3)

In this test series testing was only performed on Edilon Dex R2K resin. The purpose here is to complete
the investigation into curing temperature dependency with the adapted procedure to eliminate friction
from the results. The load procedure used is again the slipmax variant as illustrated in Figure 56. The
specimens tested are shown in Table 10.

Table 10 Test specimens for temperature dependency retests 2

Test specimen ID resin used temperature assembly
torque
T3_dR2K_LD2_8_Zn_30Nm_slipmax_1  Edilon Dex R2K 8 30 Nm
T3_dR2K_LD2_8_Zn_30Nm_slipmax_2  Edilon Dex R2K 8 30 Nm
T3_dR2K_LD2_24 7Zn_30Nm_slipmax_1 Edilon Dex R2K 24 30 Nm
T3_dR2K_LD2_24 Zn_30Nm_slipmax_2  Edilon Dex R2K 24 30 Nm

9.6.6 Bolt length influence 1

This test series investigates the behavior of IBC with a thicker plate package in relation to the bolt
diameter. Two different values for the é ratio are tested in this series. Due to the different specimen

dimensions used in this series, a different tensile testing machine was used to perform tests. The resin
product used in this series is RenGel SW404/HY 2404. The specimen curing in this series is done in the
ambient temperature of the lab. The plates used for these specimens are fabricated from leftover steel
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plates from the Stevin Il laboratory of the TU Delft. The surface treatment of this plates is grit-blasted.
An overview of the performed tests can be found in Table 11.

Table 11 Tests performed for the Bolt Length influence test series 1

Test specimen ID resin used \/d r.atlo temperature assembly
specimen torque
BL1_RenG_LD3_amb_Gb_30Nm_slip_1 RenGel SW404/HY2404 3 ambient 30 Nm
BL1_RenG_LD3_amb_Gb_30Nm_slip_2 RenGel SW404/HY2404 3 ambient 30 Nm
BL1_RenG_LD4_amb_Gb_30Nm_slip_1 RenGel SW404/HY2404 4 ambient 30 Nm
BL1_RenG_LD4_amb_Gb_30Nm_slip_2 RenGel SW404/HY2404 4 ambient 30 Nm

9.6.7 Bolt length influence 2

This series is performed to gain more confidence in the test results from the first series on Bolt length
influence. These tests are performed by sand blasting the specimens from the first series on bolt length
influence until they are clean and the plates are reused for these tests. The only parameter that was
changed between this series and the previous one on bolt length influence, is the applied torque during
specimen assembly, this was raised to 60 Nm. A final test specimen overview can be found in Table 12.

Table 12 Overview of second series on the influence of bolt length on resin stress distribution

Test specimen ID resin used I/d ratio temperature assembly
specimen torque
BL2_RenG_LD3_amb_Gb_30Nm_slip_1 RenGel SW404/HY2404 3 ambient 60 Nm
BL2_RenG_LD3_amb_Gb_30Nm_slip_2 RenGel SW404/HY2404 3 ambient 60 Nm
BL2_RenG_LD4_amb_Gb_30Nm_slip_1 RenGel SW404/HY2404 4 ambient 60 Nm
BL2_RenG_LD4_amb_Gb _30Nm_slip_2 RenGel SW404/HY2404 4 ambient 60 Nm

9.7 Curing time research

All specimens tested in this research have had a curing time of at least 24 hours at the specified
temperature. The test program carried out in the Stevin laboratory of the TU Delft was more extensive
than just the tests of this research. Experiments relating to the curing time of resin products in IBC was
carried out in the laboratory as well [58]. Due to the large relevance of these tests for this research topic
the results of this series are also discussed in the results section shortly.

The approach to testing and assembling of specimens of the series of tests performed by J. Li is the same
as reported above for this research [58]. Two different load procedures were used in this research into
the effect of curing time. These are reproduced here in Figure 59 and Figure 60.
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Figure 59 Short3-1 load procedure from curing time research
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Figure 60 Short3-2 load procedure from curing time research
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10 Results

10.1 Initial feasibility of alternative resins

To verify the feasibility of the resin products mentioned in section 8.1, one specimen was tested for each
product, according to the procedure mentioned in section 9. After testing of these specimens, they were
disassembled for a visual inspection. This will be discussed first, then the results of the connection tests
will be discussed.

10.1.1Visual inspection

10.1.1.1 Voids in injection bolt specimens

Research is done on injection bolt specimens in relation to voids in the resin layer. For this an injection
bolt is cut from a steel specimen and placed inside a CT scan. This allows us to visualize the resin layer
in three dimensions through differences in density. In Figure 61 the result of a CT scan on an injection
bolt is shown. Here the presence of an air inclusion can be seen in the resin layer in white (indicated
with the yellow arrow.).

Figure 61 CT-scan of injection bolt specimen with void in resin layer [59]

From other research Perspex mock-ups are often used to assess resin injection. In this research, no
Perspex mock-up samples were created. To assess the injection procedure specimens from this test series
are disassembled and the resin layer in the steel plates is checked for proper filling of the bolt hole
clearance. As mentioned in research by Nijgh [32] the bolts are not easily disassembled since no products
were applied to facilitate this. To disassemble the specimens a hydraulic press in the Stevin laboratory
is used to push the bolts out of the specimens. This procedure is shown in Figure 62.
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Figure 62 Use of hydraulic press to push bolts out of specimen

Due to the large force required to push the bolts out of the specimen the surface area of the resin layer
is slightly damaged in some cases. The cross-section of the resin layer though remained relatively intact
and proved valuable for inspection.

Images of the visual inspection for each resin product are shown below. As a general remark from
previous research using Perspex mock-ups no air inclusions were observed. Using this inspection
method of the resin cross-section it can be observed that air inclusions were found in the resin layer for
each resin product including the currently successfully applied resin RenGel SW404.

From the positioning of the air inclusions inside the cross-section of the layer these inclusions would
not have been visible using the Perspex mock-up samples where only the outer surface of the resin
against the plate surface is visible.
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10.1.1.2 RenGel SW404/HY2404

This resin product has been proven to work from extensive previous research. [11] [40] [9]. The visual
inspection of this resin is shown for comparison with alternative resin products. The filling of the bolt
hole clearance was successful but some air inclusions in the resin can be seen in the images of Figure
63.

Figure 63 Visual inspection of RenGel in bolt holes after disassembly of specimen

10.1.1.3 Edilon Dex G 20

Clay had to be used to prevent this resin product from leaking out of the air escape groove and injection
hole in the bolt head after finishing the injection procedure. After disassembly, the resin showed to have
properly filled the bolt hole clearance without penetrating in between the steel plates. Again, some air
inclusions were observed though in the resin layer.

10.1.1.4 Edilon Dex R2K

From the inspection of the resin layer this product also properly filled the bolt hole without penetrating
the plate surfaces. The resin did not run out of the air escape groove or injection hole in the bolt head
after injection. Once more some air inclusions are visible.
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SCCRETE R o o
Figure 65 Visual inspection of Dex R2K resin in bolt holes

10.1.1.5 Sika Injection 451

This resin did not properly fill the bolt hole clearance due to excessively low viscosity. The resin leaked
out of the bolt hole and in between the steel plates of the connection. This caused a glue-like bond
between the plates. The bolt hole clearance was partially filled and residue of the resin can clearly be
seen on the plate surfaces in Figure 66.

Figure 66 Visual inspection of Sika Injection 451 specimen

62 10 Results



Assessment of epoxy resins for injected bolted shear connections 63

10.1.1.6 Sikadur 30

The resin correctly filled all the bolt holes. For reference an image of one of the cover plates is shown.
Here it can be seen that the bolt shank positioning is correct and the most unfavourable position of the
bolt shank is realised according to the EN 1090 test specifications [8]. Again, air inclusions can be seen
in the resin layer. The resin layer and cover plates are shown in Figure 67.

o ATEP
Figure 67 Visual inspection of disassembled Sikadur 30 specimen

10.1.2Results of initial connection tests

The results of these connections tests are shown in Figure 68 and Figure 69. First the load displacement
of the connection is shown for the initial loading. Secondly the creep of the connection is compared after
loading to 90% of the found 0.15 mm slip value. For clarity, the average of the two connections of the
specimen is shown. The full results are tabulated in Table 13.
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Figure 68 load-displacement results of initial tests on selected resin products
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Figure 69 creep of injection bolt loaded to 90% of 0.15 mm value of initial tests

Table 13 Results initial connection tests

Product name Force for 0.15 mm slip [kN]
Avraldite (RenGel 215
SW404/HY 2404)
Sika injection 451 -
Sikadur 30 175
Edilon DEX G 20 170
Edilon DEX R2K 185

What can be seen is that the Sikadur 451 specimen behavior is not correct. Due to the excessive leaking
of resin in between the plates a glued connection was created. This caused a very stiff response of the
specimen followed by a sudden slip of around 2 mm which is equal to the bolt hole clearance. The other
specimens which did show a correct filling all behave similarly. There is an initial stiff response followed
by a linear behaviour until the 0.15 mm displacement limit.

What can be remarked on these tests is that the test of the Dex R2K and RenGel specimens was unloaded
after the first connection reached the 0.15 mm slip instead of both specimens. Therefor the average of
those tests in Figure 68 does not reach 0.15 mm. This series was intended to gain experience with the
injection procedure and verify the application of resin products in IBC so this is not considered an issue.

To initially gather more information on the alternative resin product behaviour the specimens were
unloaded and then reloaded to 90% of the value found at 0.15 mm slip in the initial loading. This load
was then kept constant and creep of the connection was checked in time. This is illustrated in Figure 69.
Since this specimen is loaded up to 0.15 and then unloaded before starting the creep test this test does
not follow the formal procedure of EN 1090 but it does serve to get some information on the time
dependent behaviour of the resin. What can be observed is that the RenGel and Dex R2K specimens
show very similar creep while the Sikadur 30 and Dex G 20 show severe creep at this load. This is
tabulated as well in Table 14.
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Table 14 Creep results initial connection tests

Resin product Creep deformation Relative deformation*
[mm] [%0]

RenGel

SWA404/HY 2404 0.009 00

Dex G20 0.042 349.9

Dex R2K 0.011 18.4

Sikadur 30 0.025 169.3

*compared with RenGel SW404/HY 2404 creep behavior

10.2 Temperature dependency tests

Based on the results of the initial test series the research is continued for RenGel SW404/HY 2404,
Edilon Dex R2K, Edilon Dex G20 and Sika Sikadur 30 resin. Sika injection 451 is discarded due to the
resin not properly filling the bolt hole clearance and penetrating the steel plate surfaces.

The investigation into the dependency on curing temperature of the resin was executed in several series
of tests due to errors in execution of the test or assembly of specimens. In this section first the execution
errors and issues will be discussed. Thereafter the results of performed tests without issues will be
reported for analysis.

10.2.1First series on temperature dependency (T1)

These specimens were erroneously assembled hand-tight the same as the initial test series instead of the
prescribed 100 Nm. In this test series, some specimens did not give good results due to issues with the
injection of specimens and because of errors in the execution of the test procedure, aside from the
aforementioned 100 Nm mistake. The specimens with issues are summarized here in Table 15.

Table 15 Issues with test specimens of first series on temperature dependency

Test specimen ID issue

T1_RenG_LD2_8 Zn_100Nm_slip  Too little resin mixed for injection. One connection
of this specimen unusable.

T1_sd30_LD2_8 Zn_100Nm_slip Injection failed for 2 bolts. Both in one connection.
One connection unusable results.

T1_RenG_LD2_16_Zn_100Nm_slip Nuts not loosened before testing started

T1_dR2K_LD2_16_Zn_100Nm_slip  Nuts not loosened before testing started

T1_sd30_LD2_16_Zn_100Nm_slip  Both connections unusable due to failed injection

T1_sd30_LD2_24 Zn_100Nm_slip  One connection unusable due to failed injection.

The issues with the injection of Sikadur 30 resin will be discussed in more detail due to the important
information that could be gained from this.
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10.2.2 Temperature dependency retests (T2)

To be able to draw conclusions on the curing temperature dependency the tests with issues summarized
above in Table 15 were repeated. To limit the total number of tests performed in this research it was
decided to stop further testing on the Edilon Dex G 20 resin. The strength values found in the first series
on temperature dependency were a lot lower than the other products and this product also showed the
worst time-dependent behavior in the indication gained from the initial test series. In addition to the
retests on the temperature dependency also two additional tests were performed with a different plate
surface preparation. These will be discussed in more detail below.

10.2.3Third series on temperature dependency (T3)

From the results on the different plate surface preparation specimens of test series T2 combined with the
results using the adapted assembly procedure of series DS this series was done to draw a clear conclusion
on the dependency of curing temperature for Dex R2K resin. One specimen in this series had an issue
in this series:

Test specimen ID Issue
T3_dR2K_LD2_24 Zn_30Nm_slipmax_1 LVDT mounting bracket loose

10.2.4Results

From the first series of tests Sikadur-30 showed issues with the injection procedure across all specimens.
The position of the washer was found to influence the resin injection for this product. The bolts for
which injection was not possible in this research were removed from the specimen and the typical pattern
found for these bolts is shown in Figure 70. These issues arose in all specimens of the first series and
based on this behavior the resin was discarded as an alternative.

Figure 70 Sikadur-30 failed injection at bolt head washer interface

The initial test series results are tabulated in Table 16. Based on the results of T1 the Edilon Dex G 20
product was also discarded as an alternative. The strength values in this series were lower than the other
products and the creep behavior of Dex G 20 in the initial tests was also unfavorable compared to the
other products.
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Table 16 Results of first temperature dependency series (T1)

force
0.15
mm
force 0.15 | bottom Average effective
Temperature| mm top CBG Bearing stress resin
[Celsius] CBG [kN] [kN] Average [kN] [N/mmn2
8 197 - 197 246,25
RenGel 16 227 203 215 268,75
24 200 197 199 248,125
8 151 139 145 181,25
Dex g 20 16 154 158 156 195
24 159 175 167 208,75
8 229 182 206 256,875
DEXR 2k 16 234 178 206 257,5
24 172 141 157 195,625
8 - 124 124 155
Sikadur 30 16 - - - -
24 - 154 154 192,5

10.2.5Friction influence

67

During this research assembly of specimens was done with 100 Nm torque applied to the nut during
assembly. From the results found in the load-slip graphs a stiff initial response of the specimens was
seen. In the second test series done on temperature dependency this stiff response was investigated by
varying the plate surface preparation. An epoxy coated specimen was used which has a very low factor
as shown in research by P.A. de Vries [56]. In Figure 71 the results of specimens cured at 8 degrees with
RenGel are shown in which the only variation is the plate surface preparation. From this it is concluded
that the 100 Nm assembly procedure results in some load transfer through friction between the plate
surfaces. This despite the loosening of nuts before testing. It is theorized here that the resin behaves stiff
enough after curing to retain the preload in the specimen.

Based on this result the assembly procedure was changed to apply only a 30 Nm torque on the nut during

assembly to remove this friction influence in the results.
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Figure 71 Load-slip of RenGel specimen with 100 Nm assembly torque with normal Zinc coated and epoxy low
friction coating

10.2.60verload behavior

The test results reported concern the 0.15 mm slip value of EN 1090 [8]. In this research, the behavior
for higher loads of the resin products is also investigated as described in Figure 56. The load-slip diagram
of test results on Dex R2K at 24 degrees and RenGel at 16 degrees is shown in Figure 72. From this test
procedure, the connections maintain a nearly linear behavior even when loaded far beyond what is
specified in EN 1090. [8] What can be seen in Figure 72 is that the force increases up to a displacement
of 0.6 mm. This is four times the short-term displacement limit from EN-1090.
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Figure 72 Overload behavior of test specimens with RenGel and Dex R2K resin

10.2.7Curing temperature dependency

The conclusions of this test series when combined with the results obtained in the series on the spread
of Dex R2K (DS) are summarized in the following three graphs: Figure 74, Figure 73 and Figure 75.
The number of results for RenGel is limited but these specimens showed very small spreads in the tests
performed in these series. From the tests performed the conclusion is that RenGel SW404/HY 2404
shows no dependency on the curing temperature in this practical range between 8 and 24 degrees.

Edilon Dex R2K showed large scatter in results in this test series. From the results, it is concluded that
a small positive dependency on curing temperature exists for this resin product. This is illustrated in
Figure 74. This positive dependency is also seen when the stiffness of the connection is investigated in
the 0.05-0.15 mm slip range as evidenced in Figure 75. This range removes any initial stiff response by
friction. Note though that this influence was already greatly diminished by applying the lower preload
of 30 Nm during assembly.
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Figure 73 Curing temperature dependency of RenGel SW404/HY2404 results
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Figure 74 Curing temperature dependency results of Edilon Dex R2K
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Figure 75 Stiffness of connection measured in the range 0.05-0.15 mm slip for Dex R2K resin

10.3 Spread of Dex R2K

In this series of tests 4 specimens were tested using Edilon Dex R2K resin at 16 degree and a 30 Nm
preload during assembly. The load displacement result of the four specimens is shown in Figure 76.
These results are also tabulated in Table 17. In this series one specimen suffered from an issue. For that
specific specimen one connection gave an unusable result in this case. This is also noted in Table 17.
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Figure 76 Load displacement graphs of Dex R2K specimens at 16 degrees
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Table 17 Test results of spread Dex R2K test series

Test specimen ID connectio  resistanc resin Connection
n eat0.15  effective stiffness *
mm [KN] stress [KN/mm]
[N/mm~2
]
DS dR2K LD2 16 Zn 30Nm_slipmax 1 163 203.75 855.96126
1
DS _dR2K_LD2_16_Zn_30Nm_slipmax 2 156 195 895.52593
1
DS dR2K LD2 16 Zn 30Nm_slipmax 1 161 201.25 868.03147
2
DS _dR2K_LD2_16_Zn_30Nm_slipmax 2 154 1925 905.96659
2
DS_dR2K_LD2_16_Zn_30Nm_slipmax 1 150 187.5 719.7442
3
DS _dR2K_LD2_16_Zn_30Nm_slipmax 2 131 163.75 813.02313
3
DS dR2K LD2 16 Zn 30Nm_slipmax 1** - - -
4
DS _dR2K_LD2_16_Zn_30Nm_slipmax 2 127 158.75 841.77556
4

*connection  stiffness determined in the range of 0.07 to 0.15 mm slip of CBG
** LVDT bracket was loose during testing. Results unusable.

The spread of the Dex R2K specimens of this test series and the specimens tested using the same 30 Nm
preload method from test series T3 is illustrated in Figure 77. What can be seen is that the spread of this
product is very large. This in contrast to the spread found using RenGel SW404/HY 2404 illustrated in
Figure 73. This analysis of the spread is done using the results with the 30 Nm Preload assembly so
scatter caused by friction effects is not a factor in the results displayed here.
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Figure 77 Box plot spread of Dex R2K temperature dependency and Dex R2K spread results

From Figure 77 a positive dependency on the curing temperature can be observed for this resin product
as mentioned earlier. From the specimens tested at 16 degrees for which 7 results were available the
characteristic value is determined, this is shown in Table 18.

Table 18 determination of characteristic value from DS test series

Mean value of results 186 MPa
Standard deviation 17.8 MPa
Characteristic value (95% lower limit, u — 1.64 -0 ) @ 156.805245 MPa
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10.4 Bolt length influence

10.4.1First test series

Two tests are done on specimens with an L/D ratio of 3. The results of these tests are shown graphically
in Figure 78. The relevant results from these tests are also shown in Table 19. As with all test specimens
the bolts were removed using a hydraulic press. The visual inspection of the specimens is illustrated in
Figure 79.
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-50
displacement [mm]

Figure 78 Results of first series with specimens of L/D ratio 3
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Table 19 Summary of test results on L/D ratio 3 specimens of first series

Test specimen ID Connectio = Resistanc resin Connection
n eat0.15 effective stiffness *
mm [KN] stress [KN/mm]
[N/mm~2]
BL1_RenG_LD3_amb_Gb_30Nm_slip_ 1 105 175 602
1
BL1_RenG_LD3_amb_Gb_30Nm_slip_ 2 115 191 639
1
BL1_RenG_LD3_amb_Gb_30Nm_slip_ 1 112 186 635
2
BL1_RenG_LD3_amb_Gb_30Nm_slip_ 2 111 185 619
2

*connection stiffness determined in the range of 0.07 to 0.15 mm slip of CBG

The results of the specimens with an L/D ratio of 4 in the first series are shown in the same manner as
for the L/D ratio 3 specimens. In Figure 81 The visual inspection of the resin layer in the specimens is
shown after disassembly. In Figure 80 The test results are shown graphically and finally these results
are summarized in Table 20.
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Figure 80 Results of first test series on specimens of L/D ratio 4
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Figure 81 Visual inspection of resin layer of L/D ratio 4 of first series

Table 20 Summary of test results on L/D ratio 4 specimens in first series

Test specimen 1D Connectio = Resistanc resin Connection
n eat0.15 effective stiffness *
mm [KN] stress [KN/mm]
[N/mm~2]
BL1_RenG_LD4_amb_Gb_30Nm_slip_ 1 124 155 640
1
BL1_RenG_LD4_amb_Gb_30Nm_slip_ 2 119 148 643
1
BL1_RenG_LD4_amb_Gb_30Nm_slip_ 1 121 151 615
2
BL1_RenG_LD4_amb_Gb_30Nm_slip_ 2 118 147 612
2

*connection stiffness determined in the range of 0.07 to 0.15 mm slip of CBG

From the visual inspection as illustrated in Figure 81 and Figure 83 it was observed that resin penetrated
from the bolt hole in between the steel plates. The test results shown in Figure 78 and Figure 80 show
the influence of this with jumps in the displacement. The small resin layer in between the steel plates
caused a glue bond which audibly broke during testing. This resulted in sudden slip in the connection
when the resin bond failed. The resin flowing in between the plates is attributed to the 30 Nm preload
applied to prevent friction is too low for the longer plate packages to close the gap between the plates.

It is noted though that after breaking of the resin bond all force must be transferred by bearing. Further
The bond already breaks at relatively low force so the influence of this resin layer between the plates is
thought to be minor on the 0.15 mm slip resistance.

Furthermore, some air inclusions were observed in the resin layer from the visual inspection after
disassembly. These can also be seen in Figure 81 and Figure 83..
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10.4.2Second test series

A second test series is performed to investigate the influence of the L/D ratio. These tests were done by
cleaning the plate material from the first series through sand blasting the surfaces of the plates and
cleaning the bolt holes with a drill of the same size as the bolt hole. In this second series, the preload
applied during assembly, injection and curing of the specimen was changed from 30 Nm to 60 Nm.

Again the results are represented graphically in Figure 82, an overview of the results can also be found
in Table 21. Finally, the visual inspection of the specimens in this second series is shown in Figure 83.
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Figure 82 Test results of L/D ratio 3 specimens in second series

Table 21 Overview of test results of second test series on L/D ratio 3 specimens

Test specimen ID Connection  Resistanc resin connection
eat0.15 effective stiffness*
mm [kN] stress [kN/mm]
[N/mmA2]
BL2_RenG_LD3_amb_Gb_60Nm_slip_1 1 108 179 587
BL2_RenG_LD3_amb_Gb_60Nm_slip_1 2 99 164 569
BL2_RenG_LD3_amb_Gb_60Nm_slip_2 1 98 164 576

BL2_RenG_LD3_amb_Gb_60Nm_slip_2 2 94 157 563
*connection stiffness determined in the range of 0.07 to 0.15 mm slip of CBG
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Figure 83 Visual inspection of specimens in the second series on L/D ratio 3
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Tests on specimens with an L/D ratio of 4 were also repeated in this second series using the same method
of 60 Nm preload during assembly and cleaning the surfaces by sand blasting them and drilling the bolt
hole to clean it. As before the results are shown graphically in Figure 84, after testing the specimens
were disassembled and the resin layer in the bolt holes was investigated. This is shown in Figure 85.
Finally, the relevant test data is tabulated in Table 22. Note that in this case a sudden jump in
displacement occurred in the 0.07 to 0.15 mm range which is used to determine the connection stiffness.
So for one specimen these values are not calculated.
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Figure 84 Results of L/D ratio 4 specimens in second test series
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Table 22 Overview of test results of L/D ratio 4 specimens in second series

Test specimen ID Connection Resistanc resin connection
eat0.15 effective stiffness*
mm [kN] stress [kN/mm]
[N/mm~2]
BL2_RenG_LD4_amb_Gb_60Nm_slip_1 1 105 131 R E
BL2_RenG_LD4_amb_Gb_60Nm_slip_1 2 98 123 JkE
BL2_RenG_LD4_amb_Gb_60Nm_slip_2 1 100 125 563
BL2_RenG_LD4_amb_Gb_60Nm_slip_2 2 101 126 597

*connection stiffness determined in the range of 0.07 to 0.15 mm slip of CBG
** connection stiffness of this specimen is not calculated due to sudden jump in displacement in the
0.07-0.15 mm range

e ) ] L

Figure 85 Visual inspection of resin layer after disassembly of L/D ratio 4 specimens in second series

il

10.4.3Visual inspection

Again, the resin has run between the plate surfaces of the connection. This resulted once more in jumps
in the displacement during testing when an audible breaking of the resin layer bond occurred. Increasing
the preload of specimens during assembly in this case was not sufficient to prevent this from occurring.
It is thought the plate preparation could be a reason for the leaking of resin between the plates as this
did not occur in the previous test series. Finally, in this second test series large air inclusions are visible
in all specimens during the visual inspection.

10.4.4Measurement setup discussion

The results in this section are reported at the CBG. These specimens were tested in the second test
machine setup. Therefore, as explained in section 9 the slip was measured using 4 LVDTs which
measure at the plate edge of the cover plate. To determine from this measurement data the slip in the
CBG the elastic elongation of the center plate must be considered.

This is done by calculating the strain in the center plate and using the length between the LVDT
measurement bracket and the CBG to determine the total deformation of the plate. This is then subtracted
from the measurements at the PE to determine the CBG measurement which can be compared against
the previous results which did measure directly at the CBG.
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An illustration of this procedure is shown below using the BL1 RenG_LD3 amb_Gb_30Nm_slip_2
specimen as an example. The plate geometry of this specimen is reported already in Figure 45. The
young’s modulus used for the plate is 210.000 N/mm?. Further the sensitivity in the results for this
calculation is checked by varying the length over which the plate deformation is taken into account by
+/- 20% and the impact of the calculated resistance.

Oplate = E- €plate

_F _F
plate = 4 e 10030

_F
®plate = 700.30-

F : lCBG
Alpiate = 150730 £

lCBG = 60 + 35 = 95 mm
Alpiare = F-95 =15-1077-F
plate = 100.30-210.000

In Table 23 The sensitivity analysis of the plate deformation length is shown for
BL1_RenG_LD3_amb_Gb_30Nm_slip_2. Here the resistance at 0.15 mm slip for the CBG is shown
with the length over which the plate elongation is considered varied by 20% up and down from the actual
length of 95 mm. As can be seen the large variation in plate elongation length has a minor influence on
the calculated resistance at 0.15 mm. therefore it is concluded that this method of processing the results
to the CBG of the specimen is valid.

Table 23 sensitivity analysis of plate deformation length for calculated CBG displacement of specimen LD3_2

Length of plate deformation Resistance at 0.15 mm slip for Difference in resistance

lese connection 1 and 2 [kN] compared to Icg; oOf test
specimen geometry [%]

95 111.635 -*
111.183 -*

26 109.755 -1.68
109.226 -1.76
113.833 1.97

114 113.268 1.46

*THIS CORRESPONDS TO THE SPECIMEN GEOMETRY
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10.4.5Comparison of test series results

Both test series showed the same behavior of resin leaking between the plates despite a change in
preload. Comparing the results of the two test series is done in Figure 86. What can be observed is that
the apparent spread is larger for the test results with an L/D ratio 3 than those specimens with an L/D
ratio of 4. Furthermore, in the first test series we see a trend of increasing capacity between L/D ratio 3
and 4 while this trend is not observed in the second series.

The average strength values of the specimens decreases roughly 20% between the first and second test
series. From the visual inspection of the specimens the second series showed large air inclusions. The
first series air inclusions were also seen but smaller than those of the second series. Despite these air
inclusions though the spread in results that was observed in the first and second series does not change.
This is especially well illustrated in the L/D ratio 4 specimens where both the first and second series of
tests has a small spread.

This could be explained by the fact that specimens are assembled in one batch for each series leading to
a maintained spread between the specimens of one series.

140
120 . '
[
100 @ resistance at 0.15 mm
first long bolt series
= 80
=
© resistance at 0.15 mm
B 60 second long bolt series
40 resistance at 0.15 mm
temperature
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L/D ratio of connection

Figure 86 Comparison of test results of bolt length influence series with previous test results

Comparing these results against the calculation method of EN 1993-1-8 [41] and effective bearing length
of 3 is prescribed for the calculated resistance. This means the connection capacity according to the
Eurocode is constant for L/D values of 3 and higher. In these tests, we see that this could be conservative
as indicated by the first series. In the second series, the constant resistance for L/D values larger than 3
is reproduced here.
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10.5 Curing time research

As mentioned in the test series overview of section 9.6 the research done in the Stevin laboratory on the
influence of curing time is discussed here shortly. These tests were performed by J. Li. An overview of
the performed tests is shown below in Table 24. The load procedures mentioned in this table have been

shown graphically already in Figure 59 and Figure 60 in section 9.7.

Table 24 Tests performed in curing time research

Number of specimens
Curi
Tes Bol | Hole Loa Curing | "9 1t ond | grd
¢ [Bot T g d | Resint t t | time
type siz cara | yyp | nesINype | tempera batch | batch | batch
step o nce o ure (hou
rs) Short | Short | Short
3-1 3-2 3-2
RenGel 6 1 1 1
SW404/HY
- 2404 .
Ste Non M2 Sho Ambient | 24 1 1 1
preloa 2mm temperat
p3 0 re3
ded ure
EDILON 6 1 1 1
Dex-R2K
24 1 1 1
4 4 4
Tot
al 12

From the work by J. Li above the Curing time was found to not be of great influence on the results. Both
resin products showed little creep behavior in this test series. What was found though was that Dex R2K

resin had larger absolute displacements than the RenGel product.

82
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10.6 Linking material properties to performance
From all the test results in this research the following analysis of the material properties as it relates to
the performance in injection bolts can be done.

10.6.1Viscosity of mixed resin product

The main determinant of the resin injectability found in this research is the viscosity of the resin after
mixing. From the range of products tested here an indication of the viscosity of product necessary for
injection in injection bolts can be given. A definitive lower bound of the viscosity can be given by the
Sika Injection 451. This resin viscosity was decisively too low for this application.

The injection of Sikadur 30 on the other hand was not possible. This product has no supplied viscosity
in the PDS to reference. [52] What can be mentioned is that this product was the only one which did not
behave as a liquid after mixing. It cannot be poured and is best characterized as a paste rather than a
liquid.

Both Edilon resin products showed proper filling of the bolt hole cavity in this research. The Dex G 20
specimens though did have some small leaking of resin from the injection port and air escape washer
after injection. This was solved with modelling clay.

Finally, a remark is made about the RenGel SW404/HY 2404 product currently applied in practice. In
the PDS it is remarked that this resin mixture shows thixotropic behavior. [24] Thixotropic fluids have
a time-dependent viscosity. Their apparent viscosity lowers when the fluid is stressed through stirring
for example. This implies that this resin product has a lower viscosity during the injection when it is
stressed and flowing and becomes more viscous after injection is stopped. This could be a favorable
property of the product as this facilitates good filling of the cavity while limiting any leaking of resin
after injection is stopped.

Table 25 Summary of supplied viscosities and result of application for IBC

Product Supplied viscosity Result of application in = remarks
injection bolts
Sikadur 30 Not supplied in PDS  Issues with injection Paste. Does not flow
around washer of bolt as a liquid
head
Sika Injection 451 100 mPa-s at 23 No proper filling of bolt
degrees hole cavity. Leaked
between plates
Edilon Dex R2K 35Pa-s (measured Proper filling

after 2 minutes at 26
degrees Celsius)

Edilon Dex G20 11 Pa-s (measured Proper filling but some
at 25 degrees) leaking from injection
port. Clay needed
RenGel SW404/HY2404 55 —80Pa-s of Proper filling Thixotropic:
resin. Apparent  viscosity
3.5—-55Pa-s of lowers when
hardener agitated
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10.6.2Mechanical properties of resin products

The resin products applied in this research have mechanical properties supplied in the PDS. These
mechanical properties which are supplied are derived using different test methods. A comparison
between the supplied mechanical properties and the effective bearing stresses found in the double lap
shear tests of injection bolts with the specific product is shown in Table 26. What can be concluded from
this comparison is that the relation between the supplied compressive strength of the resin products does
not show a clear correlation with the performance in the IBC application.

Table 26 comparison of supplied mechanical properties in PDS with bearing stress in injection bolts

Product Supplied Bearing  stress in  remarks
compressive strength  injection bolts

Sikadur 30 54 MPa 155-193 MPa (T1) ASTM- D695

Sika Injection 451 70 — 80 MPa - Test method

unspecified

Edilon Dex R2K 100 MPa after 24 158-204 MPa (DS) ISO 604
hours

Edilon Dex G20 > 90 MPa 180-209 MPa (T1) EN 196-1

RenGel SW404/HY 2404 110 — 125 MPa 248-269 MPa (T1) ISO 604
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11 Modelling of resin stress for long bolts

To gain a better understanding of the mechanical behavior of the resin products in injection bolts an
analytical model was developed to model the stress distribution that occurs in the resin layer when the
injection bolt connection is loaded. In this chapter the development and results of the model are
discussed.

11.1 Model overview and assumptions

The model developed in this research is based on an injection bolt in a double lap shear connection. This
aligns with the state of the art in terms of numerical modeling of injection bolts. [10] [32] Furthermore
the test procedure and guidelines explained in the standards of EN 1090 and EN 1993-1-8 are related to
double lap shear connections. [8] [41]

Of interest in the development of this model is the behavior of the resin layer stress in longer connections.
This is taken into account in the guidelines of EN 1993-1-8 through an effective bearing stress. The
analytical model attempts to model the stress peak distribution as seen in the left of Figure 87.
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Figure 87 Resin layer stress distribution in long injection bolts [5]

An analytical modelling approach was followed to investigate the resin layer stress for this research. As
stated in the ECCS recommendations the cause of the uneven bearing stress as illustrated in Figure 87
is caused by bending of the bolt for longer connections. [5]

Based on the considerations above the analytical model schematization of an injection bolt in a double
lap shear connection is derived and presented in Figure 88.
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N

Figure 88 Analytical schematization of resin-injected bolt of double lap shear connection
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The most important points of this schematization are discussed separately below.
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11.1.1.1 Deformation of bolt

To model the stress that occurs in the resin layer the bending of the bolt should be taken into account
according to the ECCS recommendations [5]. For this deformation of the bolt a beam model is used.
The L/D ratio of the connection is the most important parameter for this beam model. The cut off for the
effective bearing thickness of the resin layer as laid down in EN 1993-1-8 is at an L/D ratio of 3. For
such low span to depth ratios an analytical approach should take into account both the bending and shear
deformation of a beam. Therefore, the analytical modeling of deformations of the bolt is done using
Timoshenko Theory [60] [61].

11.1.1.2 Deformation of steel plates

Due to the lower stiffness of resin products compared to the steel plates it is assumed for this analytical
model that the plates are rigid. No deformation of the plate and bolt hole is considered in this analytical
model.

11.1.1.3 Resin layer

To comply with the tests as performed in this research project the bolt is assumed to be placed in the
bolt hole in the most unfavorable position as illustrated in Figure 89. Therefore, only resin is located at
the compressed side.

Figure 89 Assumed unfavorable positioning of bolt in the bolt hole

The resin layer in the injection bolt is connected at the outer edge to the bolt hole in the steel plate and
at the inner edge to the bolt shank. To model this resin layer, a set of distributed springs is chosen which
are placed at opposite sides of the bolt shank for the cover and center plates respectively. The distributed
springs are attached to a fixed support which represents the bolt hole and steel place which as explained
above are assumed to be rigid.

The spring characteristic used for the resin layer in this model is assumed to be linear elastic. This is
based on the test results presented in this research which shows the connections have a nearly linear load
slip behavior even far beyond the maximum slip value of 0.15 mm from EN 1090. This model does not
consider the visco-elastic properties of the resin which cause creep for longer time durations.

11.1.1.4 Bolt head, washer and nut

The model boundary is placed at the outer edges of the cover plate. The bolt head and nut are taken into
account in this analytical model through the boundary conditions. It is assumed that through the bolt and
nut being tightened and in contact with the plate surface they prevent rotation of the bolt shank occurring
in the boundary. Thus, the boundary of the model is a clamped support at the outer edges of the cover
plates. Further it is assumed that no vertical forces are transferred from the bolt head and nut to the bolt
shank. Thus no vertical forces can be transferred to the boundary.
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11.1.1.5 Loading of model

To compare the model results to experimentally derived values the loading applied to the model
corresponds to the short duration resistance of the connection according to the test procedure of Annex
G EN 1090. This means a slip between the cover and center plates of 0.15 mm must occur.

The force in a double lap shear specimen is introduced through the steel plates of the connection. The
loading of this model is done in a displacement controlled manner to guarantee the slip value of the
procedure. The plates which are assumed to be rigid in the model are taken into account by the rigid
support of the distributed springs. A prescribed displacement of this rigid support is used to load the
model and generate the resin stress in the bolt.

11.2 Derivation of analytical relations

From the schematization as shown in Figure 88 Timoshenko theory has been used to derive a set of
analytical equations which govern the deflection of the bolt shank following the examples of A. Simone
[62]. For a full explanation of the derivation of these analytical equations please refer to Appendix A

2
GAS'<d d d—¢>=—q+k-(v—w)

dx?  dx
El ¢ =GA dv

These two equations are a set of linear coupled differential equations. To solve a set of differential
equations boundary conditions are necessary. These have already been explained above so are only
shown here briefly. Again, refer to the appendix for a full description of the derivation.

Table 27 Overview of boundary conditions of the model

X = O X = tl + 2 . tz
Shear force V 0 0
Rotation of beam ¢ 0 0

11.3 Solving analytical model

To solve the set of equations presented in section 11.2 no closed form solution could be found by
hand. Therefore, MATLAB is used to derive a solution to the set of equations. To solve a set of
linearly coupled differential equations, the built-in solver application of MATLAB BVPA4C is used.
[63] [64] An example solution for a similar problem is given in research. [65] A full derivation and
application of MATLAB solver BVP4C to solve the model presented here is discussed in Appendix A
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11.3.1Model parameters

The model presented above is applied in first instance with parameters that align with the test specimen
geometry outlined by EN 1090 [8]. These geometrical values are:tabulated in Table 28.

Table 28 Model parameters used in analytical modelling

Parameter Value Unit
Hole clearance 2 mm
Bolt size M20 mm
Young’s modulus of steel 210.000 N /mm?
Connection slip 0.15 mm
Poisson ratio of steel 0.28 -
Ratio plate thicknesses t; /t, 2 -

As shown in the analytical relations that govern the deflections of the bolt the parameters relating to the
cross-section of the bolt shank must be defined. For this use is made of the mechanical relations relating
to a circular cross-section. Note that it is assumed that no threaded parts are inside the connection.

T4

4

Further the shear modulus must be determined, for this the following holds:

I=m:

E

“=ra+v

The used young’s modulus and Poisson ratio are tabulated above in Table 28. The parameter k of the
distributed spring stiffness is dependent on the chosen value of the Young’s modulus of the resin
product. This parameter is used to calibrate the model and will be discussed in the next section. For
reference the relation between k and E,..;,, is derived here per unit length:

0 = Eyesin - €

Al

€Eresin = T

F:O"A:O"l'Dbolt

Al
F = Eresin T 1 Dporr
_ Eresin ' Dbolt .
hole clearance

Al=v+w
F=kpesin- (v +w)

Eresin ' Dbolt

-
TeSM " hole clearance

88 11 Modelling of resin stress for long bolts



Assessment of epoxy resins for injected bolted shear connections 89

11.4 Model analysis and calibration

The model behavior is analyzed in this section with an initial estimate for the resin Young’s modulus
from literature of E,.g, = 500 N/mm?2. [10] This is related to the resin product RenGel
SW404/HY2404. Due to the results found in earlier test series on Dex R2K showing large spread the
tests on bolt length were only performed for RenGel so the modelling is done using this resin. The
calibration explained in this chapter on test results can also be performed for Dex R2K resin.

The model is used to derive a solution to the specified slip of 0.15 mm for connections with an L/D ratio
up to 10. To achieve this the plate package length was increased at every step while the bolt dimensions
were kept constant. The ratio between center and cover plates was also kept constant in this analysis.

11.4.1Qualitative analysis of resin stress distribution

The main varied parameter in the initial run of the model concerns the L/D ratio. As the bolt bending
deformation is assumed to largely be responsible for the uneven stress distribution it is expected that the
resin stress shows larger peak stresses as the L/D ratio increases and a near constant behavior for low
L/D ratio where the force is mostly transferred through shear. The resulting stress distribution over the
length of the connection is illustrated in the following 3 figures:

resin stress distribution injection bolts
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Figure 90 Resin stress distribution over length of connection for L/D ratio of 1
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Figure 92 Resin stress distribution for L/D ratio 5
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From this initial run, erroneous behavior was seen for L/D ratios larger than 6. The resin stress calculated
by the analytical model had tension in the center of the center plate and outer of the outer plates. To
remedy this behavior in the model the resin distributed spring stiffness was given a bi-linear
characteristic that does not allow any tension. This assumes no tensile forces can be transferred in the
resin layer due to adhesion to the bolt hole surface. The resulting resin stress distribution using this bi-
linear spring stiffness is shown for an L/D ratio of 7 in Figure 93.

resin stress distribution injection bolts
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Figure 93 Resin stress distribution with bi-linear spring stiffness to eliminate tension

From the resin stresses shown in Figure 90 through to Figure 93 the trend of the model behavior appears
to follow what is expected to happen in these connections. As already mentioned the tensile stresses
occurring in the resin layer had to be solved manually using a tensile stress cutoff in the resin spring
stiffness.

What can be remarked is that the resin stress trend appears to correlate well with what is expected the
absolute values show a peculiar behavior. The peak stress that is found in the resin layer occurring in
the interface between center and cover plates is independent of the L/D ratio. The value that is found
here is directly related to the applied displacement of 0.15 mm in the model. This is calculated below:

w = 0.15mm
w=w; +w, =0.075+ 0.075 mm

0 = Eresin * €resin

wq

= 5000 -
d hole clearance

0.075
o = 5000 = 187.5 MPa

11 Modelling of resin stress for long bolts 91



92 Assessment of epoxy resins for injected bolted shear connections

What happens is the model is that this calculated value appears as an absolute maximum and the average
stress drops through a lowering of the resin stress away from the center and cover plate interface. This

is illustrated in the following graph shortly:
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Figure 94 Relation between peak and average stress of resin layer in analytical model

A further analysis of the model behavior is the force balance of the connection. As stated in the model
overview the bolt in the connection is assumed to be in force equilibrium without vertical reaction forces
occurring in the bolt head and nut interface at the outside of the cover plates. This also to verify the
solution derived using the BVP4C package in MATLAB is correct. From Table 29 the solutions found
have a very small residual that is probably caused by the solution method in BVPAC.

Table 29 Force balance residuals of model results

L/D ratio Force outer

[KN]
36.7499
67.5796
83.9395
84.2799
77.4595
71.0809
66.7959
63.6808
61.4812
60.0516

O 0N UL WN -

[EEN
o

92

plates

Force
[KN]

center

36.7498
67.5794
83.9388
94.2783
77.4567
71.0774
66.8113
63.6986
61.498
60.0602

plate Residual [kN]

1.88-107°

1.88-107*

7.24-107*
0.0017
0.0028
0.0036
0.0154
0.0178
0.0169
0.0086
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Following this initial run, the connection resistance at the 0.15 mm slip value from EN 1090 according
to the analytical model can be plotted. This is shown in Figure 95. What can be seen from this result is
that the model shows a peak capacity at an L/D ratio of 3.5. In the current regulations the maximum
capacity of an IBC is reached at an L/D ratio of 3 and the capacity remains constant afterwards. This
result implies that the peak capacity is reached for slightl higher L/D ratios. Remarkably this model
suggest that the resistance at 0.15 mm for higher L/D ratios does not remain constant but actually

°0

80

70

s

0

connection capacity [kN]

30

20

drops.

connection capacity of double lap shear joint
T T T T T

Figure 95 Connection resistance at 0.15 mm for different L/D ratio values

11 Modelling of resin stress for long bolts 93



94 Assessment of epoxy resins for injected bolted shear connections

11.4.2Calibration of model using test results

For the initial analysis an E modulus found from literature is used. This is compared against the values
found in the Temperature dependency tests performed for this research on RenGel SW404/HY 2404
resin. The test results are then used to calibrate the model through adaptation of the Young’s modulus
of the resin. This procedure resulted in an adapted resin Young’s modulus of 7500 N/mm"2.

A comparison between the test results of temperature dependency and the analytical model calculated
resistance with this calibrated Young’s modulus is shown in Figure 96

Connection capacity double lap shear joint with 1 injection bolt
I I I

120 — -

100

connection capacity [kN]

analytical model resin stiffness 7500 Nimm 2
ECGS effective width with 200 N/mm 2beemng stress
Test results on M20 bolt RenGel Specimens

0 | | | | |
0 1 2 3 4 5 6 7 8 9 10
lid ratio [-]

Figure 96 Model results using calibrated Young's Modulus
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11.5 Verification of model
11.5.1FEM model

To verify the calibrated model behavior for this research this author cooperated with M.P. Nijgh who
developed a FEM model for injection bolts. [32] The stress distribution of the models is compared by
normalizing them. An overview of this comparison between the two models is given in Figure 97. From
this verification it is concluded that the bolt bending is accurately calculated in the analytical model for
all L/D ratios [32]. As can be seen in Figure 97 the analytical model solution diverges from the FEM
results for L/D values around 4. The agreement between the models gets worse as the L/D ratio increases
further with the analytical results dropping to zero not occurring in the FEM model.

Assessment of epoxy resins for injected bolted shear connections
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From this verification of the model it is concluded that the analytical model does not work for L/D ratios

larger than 4.
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Figure 97 Comparison between FEM results and analytical model [32]
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11.5.2Verification against test results

The model is also checked against the test results obtained on long bolt specimens tested in this research.
For this again the calibrated analytical model is used. An overview of both long bolt test series results
is shown in Figure 98. The model is calibrated using the test results on L/D ratio 2. These are shown in
aforementioned graph for reference.

What can be seen is that the test results of the first test series appear to have a good agreement with the
calculated maximum capacity of the analytical model. This is not the case for the second series of tests.
As mentioned in the discussion of these test results the air inclusions observed could influence the
differences between the results of each series. Comparison of these test results with the analytical model
is inconclusive. The differences between the model and test results are large and different for the two
series. The apparent Young’s modulus that was calibrated using the L/D ratio 2 specimens depends on
the porosity of the resin layer and could vary between these series of tests.

What can be said from the comparison with these test results is that the tests indicate the model behavior
above L/D values of 3 is incorrect. The capacity is at least maintained above L/D 3 and does not decrease.
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Figure 98 Comparison between test results on L/D ratio and analytical model
11.5.3Parameter study

To investigate the model behavior in more detail the model parameters are varied and the influence on
the results is investigated here. After the verification against the FEM results of Nijgh the range of L/D
ratio shown here is up to an L/D ratio of 4 due to the range of validity of the model.

11.5.4Bolt hole clearance

The influence of the bolt hole clearance on the calculated capacity is investigated. What can be seen is
that the peak capacity calculated from the model moves to higher L/D ratios for larger hole clearances
but the absolute capacity calculated drops as the hole clearance increases. As the percentage increase in
hole clearance drops the largest drop of capacity is seen between a hole clearance of 2 and 3 mm.
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Figure 99 Calculated connection capacity for a single M20 injection bolt with varying hole clearance

11 Modelling of resin stress for long bolts



98

98

Assessment of epoxy resins for injected bolted shear connections

11 Modelling of resin stress for long bolts



Assessment of epoxy resins for injected bolted shear connections 99

12 Discussion

12.1 Linking resin material properties to performance

From the results in this research no clear relation could be drawn between the supplied mechanical
properties of the resin and the performance of injection bolts. The compression of resin when confined,
as illustrated in the State of the Art in Figure 12, could provide a better link between the resins
mechanical properties and the performance in this application. Due to time and budget constraints testing
of the confined compressive values of resin was not performed in this research. A design for a setup to
perform such testing on specimens fabricated with the same procedure as injection bolts is supplied in
the appendix of this research.

12.2 Injection procedure and occurrence of air inclusions

The washers used in this experimental program were according to the specifications of EN 1090-2. The
positioning of the washer influenced the injection procedure for Sika Sikadur 30. From other research
the washer design is optimized for injection. This washer design is a possible cause for the feasibility of
Sikadur 30 and for the spread observed by workers for the required injection pressure during assembly.

The injection procedure and testing was explicitly chosen to follow the research base on injection bolts
performed thus far. The injection was done in this research using a hand driven injection gun so the
pressure applied during injection is not controlled accurately. From the visual inspection method
executed in this research, air inclusions were observed in the resin layer for most specimens. This is not
reported in other research using Perspex mockups as an inspection method. From a CT scan of an
injection bolt also air inclusions are identified in the resin layer.

The air inclusions were observed across all different resin products used in this research except for Sika
Injection 451 which was not applied successfully. This includes the currently applied resin RenGel
SW404/HY2404. It is unknown whether the occurrence of air inclusions in this research is caused by
the injection procedure applied or that these air inclusions have simply not been detected with the
Perspex injection samples used for visual inspection in other research.

12.3 Scatter in the experimental results

From this research a significant scatter in the results was obtained. During the research the influence of
friction was identified as a possible cause for this scatter. This influence was decreased through specific
testing and a subsequent adaptation of the assembly procedure. Despite the adaptations to decrease
friction influence on the results a large scatter in results, especially for Edilon Dex R2K resin, remained.
The reason for this scatter is not known but possible causes have been identified.

One of the main aspects identified as a cause of possible scatter is the injection procedure. The specific
aspects are the positioning of the washer at the bolt head side during injection, the occurrence of voids
in the resin layer and the applied pressure with the hand-driven injection gun.

Furthermore, the mixing of resin components is identified as a possible cause for scatter. Due to the
small volumes applied in injection bolts inhomogeneities in the mixing of the two components could
influence the found results. For Edilon Dex R2K specifically, the mixing takes place in the mixing
nozzle supplied by the manufacturer. This mixing of small resin volumes in the mixing nozzle could be
a cause of scatter in the results.

To determine the resistance values of the tested resins in this research accurately, a larger set of tests
must be performed, to gain better insight in the scatter and characteristic values that can be taken into
account.
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12.4 Analytical modelling

The analytical model developed and presented in this report is intended to investigate the stress peaks
that occur in the resin layer because of bolt bending in an IBC. As discussed this model shows good
agreement with the numerical model developed by Nijgh on IBC concerning the bolt deformation in the
connection. The stress in the resin layer that is calculated from the analytical model shows worse
agreement with numerical results. Issues were seen in this modelling approach with resin stress initially
dropping below zero which had to be corrected. Also, the stress peak being constant in the model results
show that this model is not accurately representing the real connection behavior.

The analytical model does not take local deformation of the plates into account. The deformations in the
resin layer are very small. The deformation of the plate could be a reason for the model behavior not
following the FEM and experimental results. Furthermore, the occurrence of voids means the resin
spring stiffness varies locally, this is not taken into account in the analytical model either.

12.5 Limitations of research

One of the research questions in this study is the application of alternative resin products for injection
bolts. The choice of resins which were selected for use in this research was based on limited research.
The resin products that were considered for the selection procedure were two-component epoxy resins.

The choice of Sikadur 30 resin was supported by current research [28]. RenGel SW404/HY 2404 resin
was tested as a baseline product proven in previous research and successful practical applications. The
remaining resin products were selected based on the product data sheets supplied by the manufacturers
and through direct communication with the suppliers to determine possible alternatives. The selection
of these products was not supported by other research. Furthermore, in the selection procedure of the
resins in this research, the author was not aware of the research and application of Sika AnchorFix and
Sikadur 33 resins for injection bolts as reported on by Gresnigt. [31]

The testing procedure chosen for this research has been based on the guidelines of EN 1090. This aligns
with the previous research done on this topic explained in the State of the art. The tests performed were
short duration tests with static load procedures. This means the conclusions of this research cannot be
extended to other load cases in which further research is required. The time-dependent creep of the resin
layer was briefly investigated in additional loading on test specimens in this research, but the duration
of this test was too short to draw meaningful conclusions on the long duration behavior of tested resins.
Tests on the creep behavior of connections with varying bolt hole sizes is ongoing at TU Delft using
RenGel and Dex R2K resins.

The washer design was not varied in this research. The product Sika Sikadur 30 showed good results in
IBC from other research using optimized washer designs [28]. This research did not consider alternative
washers for resin products.

The variation in the geometry of the connection in this research has been limited to the L/D ratio of the
connection. For this ratio only the plate package thickness [ has been varied. The effect of bolt size has
not been studied in this research. Other variations in the connection geometry such as the ratio between
the center and cover plate thickness t;/t,and hole clearance have not been considered in this
experimental research. The hole clearance was analyzed as a parameter in the analytical model.
Experimental research into the effect of bolt size is ongoing at TU Delft currently. The effect of the size
of the hole clearance has been studied recently in TU Delft research performed by Nijgh [32].

Finally, as mentioned in the State of the art injection bolts may be applied in combination with a preload.
This combination of preload and injection for bolted connections was not considered in this research
although research in this combination is ongoing at TU Delft as well.
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In this research, the effect of the curing temperature on the resin bearing resistance of injection bolts is
tested. From the State of the art the glass transition temperature of the resin is identified as an important
material property for the strength and stiffness of resin products. In this research, no testing has been
performed at elevated temperatures for alternative resins to investigate this material parameter. The
currently applied resin RenGel SW404/HY2404 has been tested at high temperatures in previous
research and showed good performance [9] .
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13 Conclusions and recommendations

13.1 Conclusions

In current practice RenGel SW404/HY 2404 is the resin of choice for injection bolts. In this research
Edilon Dex G 20 and Edilon Dex R2K were injected successfully. Sika Injection 451 resin had a too
low viscosity for injection, causing it to run in between the plate surfaces of the connection. Sika Sikadur
30 had a too high viscosity leading to issues with injection around the bolt head washer. In all resin
products air inclusions were observed after disassembly of test specimens.

From the review of properties in this research the viscosity of the resin mixture, pot life, glass transition
temperature and curing shrinkage are found to be the most important properties of resins for IBC
application. The viscosity of feasible products ranged from 11.000 to 55.00-80.000 mPa -s. The
viscosity of Sika Injection 451 (100 mPa - s) was far too low. Sika Sikadur 30 is a paste and not a liquid
S0 no exact viscosity can be given. The pot life and glass transition temperature of a product should be
as high as possible. Curing shrinkage should be minimized for this application. Edilon Dex R2K negated
pot life considerations, the resin was mixed in the nozzle during injection itself. This simplifies the
procedure.

From testing double lap shear connections in this research the characteristic value of Edilon Dex R2K
bearing stress in short term loading is found to be 156 MPa when cured at 16 degrees. The spread of
this product was large.

In short duration creep tests the deformation of Edilon Dex G 20 was 3.5 times larger than the currently
applied product RenGel SW404/HY2404. Dex R2K had 18% higher creep deformation than RenGel.
Edilon Dex G 20 was discarded as an alternative, due to this creep behavior.

When overloaded, connections with injection bolts showed near linear behavior up to 0.6 mm
deformation. Four times the short duration deformation limit from EN 1090. The curing temperature had
no influence, in a practical range of 8 to 24 degrees Celsius, for the currently applied product RenGel
SW404/HY 2404. Edilon Dex R2K did show a dependency on the curing temperature in this range.

The mechanical properties of the resins tested in this research, as they are supplied by the manufacturers
in their respective Product data sheets, did not show a clear correlation with their performance as an
injection material for injected bolts.

The influence of bolt length on the resistance of an injection bolt connection is investigated in this
research. Modeling the resin stress occurring for these connections was done using an analytical 1D
approach. The model can be calibrated for different resins using the Young’s modulus. The validity of
the model ended at an L/D ratio of 4 or higher [32].

The model showed a peak resistance at an L/D ratio of 3 and decreasing for higher values. This peak
resistance coincides with the maximum effective length of L/D ratio 3 specified in EN 1993-1-8.
Experimental verification using RenGel SW404/HY2404 showed no decrease in resistance for L/D
values between 3 and 4. One series even showed an increase in resistance between L/D 3 and 4.

13 Conclusions and recommendations 103



104 Assessment of epoxy resins for injected bolted shear connections

13.2 Recommendations
Material properties of resin
o Compressibility of resin as a predictor for performance
o More well-defined range of applicable viscosities
e  Optimized washer design for injection
o Recheck of Sikadur 30
e  Optimize injection process
o Applied pressure
o Vacuum assistance injection procedure
e Modelling
o Resin flow model from RTM to adapt for injection bolts
o Extensive FEA to determine resin stress occurring in the layer
o Improve analytical model to take plate deformation into account
e Different load cases
o Long duration tests
o Elevated temperature
e Bolt size effect on L/D ratio
e Behavior in repeated loading
o Plasticity of resin layer
e Investigate the occurrence of voids in resin layer
o CT-scan method
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15 Appendix A: Solution of Analytical Timoshenko model using BVP4C
MATLAB routine

15.1.1Deriving the governing equations of analytical model

To solve the schematized analytical model from Figure 100 the Timoshenko beam theory is applied [60]
[61]. To take the foot displacement of the distributed springs into account the governing equations will
be derived. This is done according to the methods explained in chapter four of the CIE4190 course reader
on slender structures [62].

iy
S

Figure 100 overview of analytical model schematization

g

2

Kinematic equations

First, the derivation is started by deriving the kinematic equations following the starting assumptions for
the Timoshenko theory. That is plane sections remain plane but contrary to the Euler-Bernoulli theory
they do not remain perpendicular to the neutral axis [62]. The assumptions for positive directions are
shown in Figure 101.

Sx(ny) = —¢)(X) "y
Sy(x,y) = v(x)

ds,  de
o T T Y
ds, ds, dv
T e T T E
a
_________ - == s ~
- — -
3 ) z
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Figure 101 Assumed directions for derivation of kinematic equations [62]
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dv
tan(@) = T

RdO = ds
ds
5=

1 deo

R™"Tds
We assume that the rotations of the beam stay small. Therefore, the following approximation holds:

R

sin(f) = tan(@) = 6

ds = dx
And thus:
_ de
o= dx
o= dv
T dx
B d*v
o= dx?

This solves the kinematic equations for the Timoshenko theory.
Equilibrium equations

What follows is the equations that relate to the force equilibrium of the model. The positive force
directions are indicated in Figure 102. This figure shows an infinitesimal segment of the beam for which
the equilibrium conditions must hold. For this model second order terms of derivatives are neglected
[62]. The force related to the distributed springs of Figure 102 has a term with v and w. These are the
displacements of the beam itself and the foot of the spring layer respectively. The positive conventions
of this is shown in Figure 103.

g dx

M v J/ M + dM

T k*(v-w) V+dVv

Figure 102 positive force directions equilibrium equations
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-

w

Figure 103 positive displacements distributed springs
Now we can derive the equilibrium conditions of the model:
YM =0
SM=M=dM—-M—-V-dx=0
YM=dM -V -dx=0

dM =V -dx
dM—V
dx
XE, =0

YE,=V+dV-V+(q—k-(v-w))-dx=0

dV +qdx —kdx - (v—w) =0

dV+ k =0

Y gtk
e A R

Constitutive equations

Last to complete the derivations of the governing equations is the constitutive equations. These relate
the displacements and deformations to the stresses that occur in the material. For this reference is made
to [62]. Hereby E is the young’s modulus of the material, G the shear modulus, A the effective area in
shear and I the second moment of inertia of the cross-section.

dM =0, -y-dA
fdM=M=[o,-y-dA
fo-x'y'dAsz'Exx'y'dA

d
fE'Exx'Y'dA=_fE'Y'£'Y'dA
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d¢ _ dp . , _ d¢
_fE'y.E.y.dA__E'a.fy .dA__E.].E
d¢
M=—El —
dM d*¢
dx dx?
Again, making use of the assumption of small rotations we can find the following:
.y dv dv
y=tan dx  dx
T=G-y
4
T _AS
v
V=54,
dv
y=—¢+-—

dv
V= GA (-~ ¢)

Combining all the above equations we can find the governing equations for the problem:

dM V=g dqu
dx dx?
d2¢ dv

1 G = 64s (= 9)

dv
V= GA(-~ )

d*v  d¢
a=GAS' E—E =—q+k'(U—W)

So, to summarize we find two second order dependent differential equations which govern the deflection
of the bolt shank loaded by a set of distributed springs which represent the resin layer of the injection
bolt. Furthermore the g term represents an external distributed load but this is not used further in the
modelling but was left included for completeness.

d?>v d¢
GAS'<W——>=—q+k'(v—w)

dx
d?¢ dv
El-—=—5 =GAs- (-~ ¢)
The equations above govern the deflection of the analytical model. To formulate a solution to these
equations the boundary conditions must be considered. Due to the discontinuities in the loading that
occur at the interface between center and cover plate the solution must be derived in three solution fields.
To take this into account interface conditions between the different solution fields are needed. The
boundary conditions and interface conditions are summarized below in Table 30. An overview of the
solution fields is also given in Figure 104.

v



Assessment of epoxy resins for injected bolted shear connections V
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Figure 104 analytical model with solution fields in yellow
Table 30 Overview of boundary conditions analytical model

Boundary conditions analytical model

Left boundary (x = 0) Interface 1 (x =t,) Interface 2 (x = t; + t;) Right boundary
(x = tl + 2 tz)

V:0 M1:M2 M2:M3 V:0
¢=0 Vi="1; Vo =V3 =0
b1 = ¢, b2 = ¢3
V1 =7, Uy = V3

15.1.2 Solving the governing equations

To solve the governing equations derived above using the boundary conditions from Table 30 MATLAB
is used. The system of differential equations is known as a boundary-value problem. To solve this the
BVPAC solver routine built into MATLAB is used. This will give a numerical approximation to the
analytical solution. To apply this solver a specific format of the differential equations and boundary
conditions must be used. Reference is made here to previous research on analytical modelling of
Timoshenko beams using the BVP4C solver as an example. [65] [63] [66]

15.1.3 Reduction of order and solution fields

The BVPAC solver can only deal with first order differential equations. [66] The Timoshenko equations
consist of two coupled second order differential equations. Therefore, a reduction of order must be
applied on both main variables v and ¢. For this the example supplied in Appendix A of [65] is followed.
This is shown below:

fi=¢
f2= % d_d)
dx dx
¢ df,
dx? dx
V=V
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_dvy  dv
Y270 T dx
d*v _ dv,
dx? dx
Using the newly defined variables f;, f, v1, v, we can now write the governing equations as:
El-f;+GAs- (v, —f1) =0

, GAg
fo=- £l (v, — f1)

GAs-(v2 —fz) = —q + k- (v —w)

—q+k-(v1—w)+
GA,

f2

vy =

In the solution script the reduced order variables are all stored in a separate solution vector y. This is
structured as follows:

y=I[fi fo vi v2]

As mentioned earlier the solution must be derived in three solution fields. The implementation of
splitting the three fields is shown here below in X. The que for BVP4C to know the edge of a solution
field is a repeated entry in the vector with x coordinates of the solution.

function v = xinitial
SXINITIAL makes linearly spaced 3 field mesh of the bolt
vl = linspace(0,t2,n/3);
v2 = linspace(t2,tl+t2,n/3);
v3 linspace (t1+t2,tl+t2+t2,n/3);
v (vl v2 v3];
end

Figure 105 implementation of splitting solution field

15.1.4 Applying boundary conditions

To apply the BVP4C solver the boundary conditions as determined before in Table 30 must be rewritten
in the reduced order variables and the residuals must be computed. BVP4C works by minimizing the
residuals of the solution and the boundary condition as specified by the user. First, the boundary
conditions in the reduced order variables will be derived. To indicate the different fields and order of
derivative term two subscripts are used here. The first index refers to the field of the variable. The second
index denotes the order of derivative the term represents.

The left and right boundary as applied in reduced order variables gives the following:

onx =20
Vi =GA - (V1,2 - f1,1) =0
¢1 = f1,1 =0

onx =t +2-t,
Vs =GAg - (V3,2 —f3,1) =0

b3 =f3,1 =0

Vi
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The interface conditions between the different fields in the reduced order variables gives the following:

onx =t,
V.=V,
GA; - (V1,2 - f1,1) = GAs - (Uz,z - f2,1)

1= ¢

fi1 = fan

M; =M,

—El-fi,=—El" [z,

V1 =72

Vi1 = V21

In similar fashion the interface between the second and third solution field gives the following:
onx =t +t,
GAs - (Va2 = fo1) = GAs - (v32 = f31)
f21 = f3a
—El - fr,=—El f3,
V21 = V31

From the documentation of the BVP4C solver when using a multiple field approach the boundary
conditions must be stored in two separate matrices. One containing all the conditions at the left side of
each field and the second matrix with all the conditions at the right side of the fields. [66] [67] These
matrices are denoted as YL and YR in the script for this problem. Lastly the boundary conditions must
be computed as residuals, all terms are moved to one side such that the value is zero when the boundary
condition is met exactly. This is shown for one boundary condition below:

—EI 'f1,2 = —El 'f2,2

—ET - (f1,2 —fz,z) =0

This implementation of residuals and boundary condition matrices can be seen in the code snippet of
Figure 106.

Vil
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function res = bc (YL, YR)
%$BC Function that finds the residuals of the BCs of the bolt

res = [GAs*(YL(4,1)-YL(1,1)) %V1(0)=0 force balance on the bolt

YL(1,1) %phil (0)=0 clamped end
YR(3,1)-YL(3,2) Swl(t2)=w2(t2) matching conditions 1,2
~EI*(YR(2,1)-YL(2,2)) SM1(t2)= M2 (t2)
GAs* (YR(4,1)-YR(1,1))-GAs* (YL (4,2)-YL(1,2)) SV1(t2)=V2(t2)
YR(1,1)-YL(1,2) %phil(t2)=phi2(t2)
YR(3,2)-YL(3,3) Swl(t2)=w2(t2) matching conditions 2,3
-EI* (YR(2,2)-YL(2,3)) SM1(t2)= M2(t2)
GAs* (YR(4,2)-YR(1,2))-GAs* (YL (4,3)-YL(1,3)) %V2(t2)=V3(t2)
YR(1,2)-YL(1,3) %phil(t2)=phi2(t2)
GAs* (YR(4,3)-YR(1,3)) SV3(tl+2*t2)=0 force balance
YR (1, 3) Sphi3 (t1+2*t2)=0

17

end
Figure 106 implementation of boundary conditions and residuals
15.1.5 Implementing numerical solver mesh size

Now we can apply the BVPAC solver to find a solution to the governing equations. BVP4C finds a
numerical approximation to the analytical solution on a mesh of points along the length. Due to the
solution being sought in three fields it is necessary that the number of mesh points n is a multiple of
three. From the documentation of BVP4C it can be found that the mesh size n will be automatically
adjusted when the desired accuracy of the solution cannot be found. [66] This adjusted mesh size is not
necessarily a multiple of three so a manual catch is put in the script when this happens to guarantee n is
a multiple of three. This is shown in the code snippet below in Figure 107. This implementation
guarantees the accuracy of the solution is maintained and that the solution mesh is a multiple of three so
a discrete number of points fits in each field.

VIl
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sol

bvp4c (dexlode, @bc,solinit,options) ;

if size(sol.x,2) ~=n

end

disp('mesh size adjusted!');
disp('mesh size:");
disp(size(so0l.x,2));
disp('n:");
disp(n);

$triple mesh size for new attempt
n = n*3;

$run solver again using the enlarged mesh
xinit = xinitial;
yinit = [0.00 0.00 0.00 0.0071;

solinit = bvpinit(xinit,yinit);
options = bvpset ('Stats','on', 'RelTol',le-7, 'NMax'

sol = bvpdc(@exlode, @bc,solinit,options);

$report wether the new solution follows n.
disp('new n:");

disp (n);

disp('mesh size new:'");
disp(size(sol.x,2));

,n);

15.1.6

For clarity the full script used to determine the deflections with the BVP4C solver is shown here on the
next pages:

Figure 107 Mesh size check implementation BVP4C

Full MATLAB implementation BVP4C solver
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function [LD,AVGstress,ConnCap, Sols] =
bolt bending timoshenko (max 1d,nr steps,mesh size)
$function to solve euler bernoulli theory bending of bolt

$close all; clear all;

ETI = 1*16.449336*10"8;

aq = 0;

wl = -0.075; S%Smm

w2 = 0.075; S%Smm

Bolt Clearance = 3; %mm
dbolt = 20;

rbolt = dbolt/2;
As = 0.9*pi* (rbolt)"2;
G = 210000/ (2*(1+0.28));

GAs = G*As;

disp (GAs) ;

E Resin = 7500; % N/mm"2

k linear = (E Resin*dbolt)/Bolt Clearance;

k = k linear;
$GAs = 1*10714;
n = mesh size; % number of points over x coordinate for
solution.
% multiple of 3.

connection capacity = zeros(l,nr steps);

avg stress = zeros(l,nr steps);

1d matrix=zeros(l,nr steps);

sol comb = cell(l,nr steps); %cell array with solution at every
iteration

sol comb(:) = {0}; % 4 rows per step for full sol

for j = l:nr steps

1d ratio=(max ld/nr steps)*j;

tl
t2

0.5*1d ratio*dbolt; %mm
0.25*1d ratio*dbolt; %mm

xinit = xinitial;
yinit [0.00 0.00 0.00 0.007;

solinit = bvpinit(xinit,yinit);
options = bvpset('Stats','on','RelTol',le-7, 'NMax"',n);

sol = bvp4c (@exlode,@bc,solinit,options);

if size(sol.x,2) ~=n
disp('mesh size adjusted!');

disp('mesh size:");
disp(size(sol.x,2));
disp('n:");

disp(n);

$triple mesh size for new attempt
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Xl

n = n*3;

srun solver again using the enlarged

mesh
xinit = xinitial;
yinit = [0.00 0.00 0.00 0.00];
solinit = bvpinit(xinit,yinit);
options =

bvpset ('Stats','on', 'RelTol',1le-7, 'NMax"',n) ;

sol =
bvpdc (@exlode, @bc,solinit,options);

$report wether the new solution follows

n.

disp('new n:");
disp(n);
disp('mesh size new:"');
disp(size(sol.x,2));

end

x = sol.x;

y = sol.y;

sol comb (j) = {sol};

i=size (x,2);

y center plate = y(3,(1/3)+1:(2*1/3));
X center plate = x(1,(1/3)+1:(2*1/3));
Sigma center =
(E_Resin/Bolt_Clearance)*(y_center_plate(l,:)—
wl) .* (heaviside (y center plate(l,:)-wl));
sigma_avg center = mean (Sigma center);
avg stress(j) = sigma_ avg center;
1d matrix(j) = 1ld ratio;
connection capacity(j) =
sigma avg center*tl*dbolt*0.001;
for 1d ratio = 4;

o\

5% plot(x,-y(3,:));

C hold on;

5 5 plot(x,-yv(1,:));

5 % figure;

% plot (x center plate,Sigma center);
% figure;

o\°

end

Xl



XIl Assessment of epoxy resins for injected bolted shear connections

end

o\

plot (1d matrix,connection capacity);
hold on;
plot (1d matrix,avg stress);

o® o o©

o\

disp (max (connection capacity));
disp (avg stress);

o\°

LD = 1d matrix;

AVGstress = avg stress;
ConnCap = connection capacity;
Sols = sol comb;

return;

function dydx = exlode (x,y,region)
$EX1ODE ODE function for Example 1 of the BVP

tutorial.

% The components of y correspond to the
original variables

$ as y(l) = w, y(2) = phi, y(3) = kappa, y(4)
= Z

vy = [ fl £f2 vl v2] = [ phi phi' v v']

dydx = zeros(4,1);
S dydx (1) = y(2);
£ dydx (2) = y(3);
S dydx (3) = y(4);

dydx (1) = y(2);
dydx (3) = y(4);

dydx (2) - (GAs/EI) * (y(4) -y (1)) ;

switch region

case 1 % x 1 [0 t2]
g+tk* (y(3)-w2))/GAs + y(2);

dydx (4) =

n
$dydx (4) = (

((
heaviside (y(3)-w2))) /GAs) +y (

(-g+ (k*(y(3)-w2)))*(1-
2);

Xl
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case 2 $ x in [t2 tl+t2]
sdydx (4) = (—q+k*(y(3)— 1)) /GAs + vy (2);
dydx (4) = (((- (k*(y(3)—
wl)))* (heaviside (y(3)-wl)) )/G vi(2);
case 3 %$ x 1in [tl+t2 tl+t2+t2]
sdydx (4) = (—q+k*(y(3)— ) /GAs + vy (2);
dydx (4) = (((= (k*(y(3)—w2)))*(l—
heaviside (y (3)-w )))/GAS)+y(2)
otherwise

error ('MATLAB:threebvp:BadRegionIndex', 'Incorrect region
index: %d',region);
end
end

function res = bc (YL, YR)
$BC Function that finds the residuals of the BCs
of the bolt

res = [GAs*(YL(4,1)-YL(1,1)) SV1(0)=0 force
balance on the bolt
L(1,1) %phil (0)=0
clamped end
R(3,1)-YL(3,2) Swl(t2)=w2(t2) matching
conditions 1,2
-EI*(YR(2,1)-YL(2,2)) SM1(t2)= M2 (t2)
GAs* (YR(4,1)-YR(1,1))-GAs* (YL (4,2) -
YL(1,2)) SV1(t2)=V2(t2)
R(1,1)-YL(1,2) %phil (t2)=phi2 (t2)
R(3,2)-YL(3,3) Swl(t2)=w2(t2) matching
conditions 2,3
-EI* (YR(2,2)-YL(2,3)) SM1(t2)= M2 (t2)
GAs* (YR(4,2)-YR(1,2))-GAs* (YL (4,3) -
YL(1,3)) SV2(t2)=V3(t2)
R(1,2)-YL(1,3) %phil(t2)=phi2 (t2)
GAs* (YR(4,3)-YR(1,3)) V3 (tl+2*t2)=0

\

force balance
R (1, 3) Sphi3 (t1+2*t2)=0
17

end

X1l
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function v = xinitial
SXINITIAL makes linearly spaced 3 field mesh of
the bolt
vl = linspace(0,t2,n/3);
v2 = linspace (t2,tl+t2,n/3);
v3 linspace (t1+t2, tl1+t2+t2,n/3);
v [vl v2 v3];
end

end

XV
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16 Appendix B confined volume compressive test setup design
Top plate of confined volume compressive test setup design
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17 Appendix C: Product data sheets of used Resins

17.1 RenGel / Araldite SW404/HY 2404
Gelcoat Resin

Araldite® SW 404 Resin with HY 2404 Hardener
Filled epoxy system, abrasion resistant

XIX

Key Properties .

Easy to apply with brush or spatula, or by pouring
Easy to use

Covers sharp edges

Cures rapidly at room temperature

Outstanding mechanical strength
Very hard, abrasion-resistant surfaces

Very strong edges

Applications

-

Foundry pattemns

Copy-milling models
Foaming and concrete-casting moulds
Tools and tooling aids

Typical product

data
Property Araldite SW 404 Hardener HY 2404
Appearance blue, medium-viscosity yellow, transparent, low-
liquid viscosity liquid
Viscosity at 25°C  mPa s 55,000 - 80,000 3,500 - 5,500
Density at 25°C glcm? 1.85-1.95 1.0-1.05
Processing
Mix ratio Parts by weight
Araldite SW 404 100
Hardener HY 2404 10
Resin / Hardener mix at 20 - 25°C
Viscosity slightly thixotropic
Pot life (500 g batch) min 25-30
Gel time, thin layer min 40 - 45
Demouldable after h 12-16

XIX
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Properties

After cure for 7 days at 20 - 25°C

Property Standard LInit Yalue

Density - glcm” 18-189
Shore D hardness IS0 858 - 85 - 90
Compressive strength IS0 604 Nfmm® 110-125
Flexuralstrength IS0 178 MN/mm? 95-105
Flexuralmodulus 1IS0178 N/ 5,000 - 9,500
Impact strength IS0 179 Ivcja'm2 75-495
Deflection temperature IS0 75 “C T0-75

Cold water absomption,
24hf23°C IS0 62 mg BB-T0
Boiling water absorption,
30 min 150 117 mg 30-40
Abrasion resistance (5733
sandpaperstrips, 500 P load) | NEMA ma/100 rpm 8-156

Storage

Handling
precautions

Ciba Specialty Chemicals
Pednrrﬁgnmew

Polymers

The resin and hardener described in this instruction sheet have the shelf lives shown
provided they are stored in a dry place at 18°C - 25°C and in the original sealed
containers.

Resin which has solidified in storing owing to low temperatures can be re-conditioned
by heating it to 70 - 80°C for about an hour and stirring it thoroughly. The resin
must be allowed to cool to room temperature before the hardener is added.

Caution

Ciba Specialty Chemicals’ products are generally quite harmless to handle provided that certain precautions
normally taken when handling chemicals are observed. The uncured materials must nod, for instance, be alowed to
come into contact with foodstuffs or food utensils, and measures should be taken bo prevent the uncured materials
from coming in contact with the skin, since pengl: with particulary sensitive skin may be affected. The wearing of
imperdous rubber or plastic gloves will normally be necessary; likewisa the use of eye protection. The skin should
be thoroughly cleansed at the end of each working pericd by washing with soap and wamm water. The use of
solvents is to be avoided. Disposable paper - not cloth towels - should be used o dry the skin. Adequate

wentilation of the working area is recommended. These precaufions are described in greater detal in Ciba Specialty
Chemicals publication Mo. 24264/3/e Hygienic precautions for handing plastics products of Ciba Specialty
Chemicals and in the Ciba Specialty Chemicals Material Safety Data shests for the indwidual products. These
pubblications are awailable on request and should be referred io for fuller information.

All recommendations for the use of our products, whether given by us in weiting, verbally, o to be impled from the resulls
of tests camied out by us, are based on the current state of our nowledge. Motwithstanding any such recommendations the
Buyer shall remain responsible for satisfying himsef that the products as supplied by us are suitable for his intended process
or pu Since we cannet control the apphcation, wse or procassing of the products, we cannot acoapt respensibility

therefor. The Buyer shall ensure that the intended use of the products will not infringe any third party’s intelleciual property
ﬁghlsbl 'He warrant that our preducts are free from defects in accordance with and subject to cur general conditions of
supply.

XX
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17.2 Sika Sikadur 30

Product Data Sheet

Editien 9.23.2014

Sikadur® 30

Sikadur® 30
High-modulus, high-strength, structural epoxy paste
adhesive for use with Sika® CarboDur® reinforcement.

Dascrption

Sikagure 30 Is 3 2-60MPONent, 100% S0lids, MOIStE-inierant, NgN-MOAUILS, high-stengtn, structural
epoxy pasie adhesive. i conformes to the cument ASTM C-881 Type I, IV Grade 3, Class C and AASHTO
M-225 speciications.

‘Whers fo use

Adheshve for bonding extemal relnforcement to concrete, masonry, steel, wood, stone, eic.
Stuctural bending of compasite laminates (Slka® CamoDur® CFRP) to concrete.
Structural bonding of steel plates to concrata.

Suitable for use In vertical and overmead configuratons.

AE 3 DINder 707 8poXy MOTLar repals.

Advantages

Long pot Ife.
Lang open time.

Tolerari of molsture before, during and after cure.

High strength, high modulus, stuchural paste adheshve.

Excaliant SMESION to concrate, M3sanry, metals, wood and most structural matenais.
Fully compatible and excellent adhaslon o Sika® CamoDw® CFRP composite aminate.
Paste conslsiency ideal for venlical and overhead applications of Sika® CarboDur®.

High abrasion and shack reslstance.

Convenlent easy mix ratio A‘B=3:1 by volume.

Soivent-frea.

COlDf-CONS COMPONENts 1o eNSUre (FOpar miXing control.

Cowverage

Type S 512 CarboDur. approx. 50 LFigal; Type S 612 CamboDur. approw. 32 LFigal;
Type S 1012 CamoD®: approx. 22 LFgal.

FPackaging

1 gal. units.

Typical Data (Material and curing conditions (@ 73°F {23°C} and 50% R.H.)

REBULTE MaY DIFFER BASED UPCH ITATIETICAL WARIATIONS DEFENDING UPON MDONO METHODS AND EQUIFEENT,
TEMPERATURE, APFLICATION METHODE, TEST METHODS, ACTUAL 3ITE CONINTIGNS AND CURING CORDNTIONE.

Shelf Life 2 years in original, unopenad containers.
Storage Conditions Store dry at 40°-B5°F (47-35°C). Condition material to 85°-85°F (18°-
2B°C) before using.
Color Light gray
Mixing Ratio Component “A Component 'B” = 3:1 by volume.
Consistency Non-sag paste.
Pot Life Approximatety 70 minutes & 73°F (Z3°C) {1 qt.)
Tensile Properties (ASTHM D-638)
T day Tensie Strength 3,800 psi (24.9 MPa)
Elongation at Break 1%
Modulus of Blasticity 6.5 X 10° psi (4,482 MPa)

Flexural Properties (ASTM D-750)
14 day Flexural Strength {Modulus of Rupture) 6,300 psi (46.8 MPa)
Tangent Modulus of Elasticty in Bending 1.7 X 10° psi (11,721 MPa)
Shear Strength (ASTMD-T32) 1d4day Shear Strengih 3,000 psi (24.8 MPa)
Bond Strength {ASTM C-282): Hardened Concrete to Hardened Concrete

2 day (moist cure) Bond Strength 2,700 psi (18.6 MPa)
2 day (dry cure) Bond Strength 3.200 psi (22.0 MPa)
14 day (moist cure)  Bond Strength 3,100 psi (21.3 MPa)
Hardened Concrete to Steel 2,800 psi (17.8 MPa)

2 day (moist cure) Bond Strength 3,000 psi (20.8 MPa)
2 day (dry cure) Bond Strength 2,300 psi (17.8 MFPa)
14 day (moist cure)  Bond Strength

Heat Deflection Temperature (ASTM D-648)
T day [fiber stress loadng=254 psi (1.8 MPaj] 118°F (47°C)

Water Absorption (ASTM D-570) 7 day (24 howr immersion) 0.03%

PRIGR T0 EACH U%E OF BRY SIRE PROGOCT, THE 0% =

INSTRUCTIONS ON THE PRODUCT'S MOST CURRENT PRODUCT DATA SHEET, PRODUCT LABEL AND SAFETY DATA
SHEET WHICH ARE AVAILABLE OHLINE AT HTTPUUSA SIKA COM OR BY CALLING SIKA'S TECHNICAL SERVICE DE:
PARTMENT AT £00.933. 7452 NOTHING CONTAINED IN ANY SIKA MATERIAL £ RELIEVES THE USER OF THE OBLIGATION
T READ AND FOLLOW THE WARNINGS AND INSTRUCTIONS FOR EACH SIKA PRODUCT A% SET FORTH IN THE CUR-
RENT PRODUCT DATA FHEET, PRODULCT LABEL AND SAFETY DATA SHEET PRIDR TO PRODUCT USE

c140
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Compressive Properties [ASTM D-6335) - Compressive Strength, psi (MPa)

A0PF* {4°C) T 23T B0°F* [32°C)
4 hour = 5,500 (37.9)
8 hour - 3,500 (2.1) 6,700 (48.2)

16 hour - B.700 (48.2) 7,400 (51.0}
1 day 750 (5.1) 7,300 (53.7) 7,300 (53.7)
3 day £.300 (43.8) B.300 (57.2) B.300 (572)
7 day 8,000 (55.1) 8,600 (59.2) 8,800 (50.3)

14 day 8,500 (53.6) 5,600 (59.3) 8,300 (51.3)

28 day B,500 (53.6) B.600 (59.3) 8,000 (52.0)

Compressive Modules 7 day 3.8 x 1[F psi {2,680 MPa)
“Maberial cUred and tasted af e terparatres indcated

How to Use

Surface Preparation The congrate swface should be prepared to a minimum conerete swface proflie (CSP) 3 defined by the

ICRI surface-profiie chips. Locallzed out-of-plana variations, Including form linas, shoukd not excead 1732
In. {1 mm). Surface must be ciean and sound. It may be dry o damp, bat fr2e of standing water and frost.
Remove dust, laltance, grease, curing compounds, IMpregnations, waxes, foreign panicies, dsintegrated
matartals, and other bond Inikiting materals from the suriase. Existing uneven surfaces must be fllied with
an appropriate repalkr mortar (2.g.. Slkatur® 30 wih the addlton of 1 part oven-dred sand). The adhesive
SirEngih of the concrete must be verfled after surface preparation by random pull-of tastng (3s defined
by AC1 503R, ASTM C1553) at the discretion of the enginaer. Minimum tensile strength, 200 psl (1.4 MPa)
with concrese substrate falure.

Concrate - Blast clean, shot biast or use other approved mechanical maans to provide an open roughened
texiure.

Sfaal - Should be ceaned and prepanad thoroughiy by biast slaaning to 3 whits metal finksh.
Can0ure - Wips claan with appeopriate cieansr je.g. MEK).

Pre-mix sach component. Progontion 1 part Component ‘B’ to 3 parts Companent ‘A’ by volwme Into a
clzan pall or appropriataly sized mixing container. Mix Moroughly for 3 minutes with S1ka paddie on low-
spaed (400-500 rpm) arill urtll uniform in color. Mix only that quantity which can be used within Its pot IIfe.

To prepars an epoxy Merar: soaty 300 up o 1 pan oy 10se volume of an oven-ansd aggregate 1o 1
part of Me mixed Slkadure 30 and mix wnbl uniform In consisiency.

Application

For bondsd, sxtemal relnforcamant: Aoply the neat mixed Skadur® 30 oato the conerate with 3 rowel
or spatula to 3 nominal thickness of 171157 (1.5 mm). Appiy the mi=d Slkadure 30 onio the CarboDure
laminate wit 2 “rocf-shaped” spatula to 3 nominal thickness of 1715" {1.5 mm}. Within the cpen time of
the epoxy, depending on the iemperature, place the CarboDure laminate onio the concrete surface. Using
a hard rubber rofler, press the [aminate Into the epoxy resin untll the adhesive Is forced out on both skdes.
Remove excass adhesive. Glue ine should nat exceed 178 Ineh {3 mm). The extemal relnforeemant must
not be dsturbed far 3 minimum of 24 hours. The epay will reach Its d2sign strength after 7 days.

For Interlor vertical and overhead patching: Work the matenal Into the preparcd subsiats, flling the
canity. Strike off level. Lits showd not excesd 1 Inch (25 mm).

Limitations

Minimum substrate and amblent temperature ks 40°F (4°C).

Do not tin. Addition of solvents will prevant proper cure.

Use oven-dried aggragate only.

Maximum glug ling of neat epaiy ks 106 Inch (3 mmi.

Maximum epoxy mostar thickness Is 1 Inch (25 mim) per It

Minimum age of concrete must b= 21-26 days, depending wpon curing and drying condiions.
Porous substrabes must be tesbed for moksture vapar transmisslon FII"H' o martar mFﬂGﬂﬂDﬂ&.
ol 3N 3estnelic product. COor may ater dus 10 vanalons In ighting anmior LIV exposurs.

INSTRUCTIONS ON THE PH.CIILIE‘.'I"S MOST l.".URH.ENT FRODUCT DATA SHEEI' PRODUCT LABEL AND SAFETY DATA
SHEET WHICH ARE AVAILABLE ONLINE AT HTTPOIUSA SIKA COMI OR BY CALLING SIKA'S TECHHICAL SERVICE DE:
PARTMENT AT 800.333.7452 HOTHING CONTAINED IN ANY SIKA MATERIALS RELIEVES THE USER OF THE OSLIGATION)
TO READ AND FOLLOW THE WARNINGS AND INSTRUCTIONS FOR EACH SIKA PRODUCT AS SET FORTH IN THE CUR:
RENT PRODUCT DATA SHEET, PRODUCT LABEL AND SAFETY DATA SHEET PRIOR TO PRODUCT USE

KEEP CONTAIMER TIGHTLY CLOSED. KEEFOUT OF REACH OF CHILDREN. NOT FOR INTERNAL CONSUMPTION. FOR M DUSTRAL USE LY. FOR PROFESSONAL UBE DNLY.

Turther Infoemation ik % :brm'andﬂ:pnﬂl phamical produsts, vcers chould refer fo the
mmnﬁﬂud:mm th,nmloﬂnlh and mmmmmmsﬁymm
mm“mhmﬂmnﬂlm 1-B00-824-9300, nal TH3-627-13E7.

Prior o sach uce of any 3lka producd, the ucer ruct alwaye read and follow the wamings. and ingtruotione on s produset's moct ourrent Prodiset
Data 2hest, ot Label and Safety Data Theet which are avallabie online 2t ittpotuca clica oomy or by oalling &Ea'c Technioal Servios Depari-
miim—gﬂrillﬂ_mmm 2Ea matedalks relleves the ueer of the obilgation to mad vt mmhmmm
fbrmahmmtuwtmrhInhmMPmdDﬁMmﬂﬂmﬂEﬂdeaEMpﬂum

product uca

2IFA wamants thic product for one year from date of Inctalialicn to be fres from manutacturing defeots and fo mest the tsohnloal properties on
the ourrent Product Data Eheet If ucsd ac dinsoted within cheif Ife. User detsrminsc cultabilty of produc for Intendad ues and accumess al ok,
Esuysrs cobs remsdy chall be limibsd fo the purshace prios of rsplacement of produot sl ueive of kabor or ooct of labor. NO/OTHER WARRANTIES
EXFREES OR IMPLIED EHALL APPLY IRCLUDING ANY WARRANTY OF RERCHANTABILITY OR FITHE S FOR A PARTICULAR PURPOSE. SIHA
SHALL NOT BE LIABLE UNDER ANT LEG AL THEORT FOR 3PECLAL OF COMIERUENTIAL DAMAGED. 31K EHALL NOT BE RESPOREELE FOR
THE USE OF THIE FRODUACT IN A MANMER TCHNFRIMGE C# ANY FATENT OFLANT OTHER INTELLECTUAL PROPERTY RIGHTS HELD BY OTHERZ.
241 E OF MKA PRODUCTE ARE BUBJECT BIKA'S TERME AND COMDITIONE OF BALE AVAILABLE AT HTTPULIZA BIFA COM OR BY
CALL NG MH 533 $800.

‘\I'Ht-ulrmh at uea.clka.vom 1-B00-333-2 KA HATIONWIDE
Hion and Sales . For the location of your resarest Slka sakes office, oonfsct your regional cenber.
Elka Corporation Zlka Camada Ina. 2lka Mexloana 3.4, de GV,
201 Polto Avenus 501 Deimar Avenus Carmetera Ubre Ceiaya Km. 55 I'; @
Lymdtwrss, NJ 07071 Pointe Claire Fracc. Indusirial Bakvanera \
Phone: B00-333-7452 Qusbes HOR 443 Corregidon, Qusretan Epre
Faor: 204-533-5225 Phone: 514-657-2510 CF. 76520
Faor: E44-854-7753 FPhone: 52 442 ¥385800

Sew wnd Sohdor Ilr‘ﬂ.‘d Tadar ks

Famr: 52442 2250537 I Ganarla
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Product Data Sheet
Version Mo D8/10 | Only to be applled by a Slka Approved Applcator
- @ - -
Sika" Injection-451
Low viscosity Epoxy Injection resin
Product Sika” Injection-451 is5 a special solvent free, very low viscosity, high strength
L trusctu nject n.
Description Struciural spoxy mjsction r=s
Uses Sika® Injection-451 is suitable for closing. sealing and bridging of dry and damp
cracks and cavities, where structural bond strength is required to restore structural
integrity. It is suitable for use in concrete, brick and natural stone substrates,
particulardy in civil engneernng structures, i.e. bridges. tunnels and shafts
Characteristics [ = Verylow viscosity (especially at low temperatures)
Advantages +  Very good adhesion on dry and damp surfaces in most mineral substrates
(i.e. concrete, masonry and natwral stone etc)
»  Excellent barrier against water infiltration and comosion promoting media
= Due to its low viscosity it can penetrates into cracks >0.2 mm in width
= No subsequent shrinkage in dry conditions
+  Solvent-free
Approval | Standards Tested and approved according to ZTV-ING (RISS)
Product Data
Colours Component A- Yellowish - Transparent  Component B: Brownish
Packaging Component A- 0.78 and 13.28 kg Component B: 0.22 and 3.74 kg
Storage Conditions | 12 months from date of production if stored in nopened, undamaged original and
Shelf-Life sealed packaging, in dry conditions at temperatures between #5°C and 25°C.
Technical Data
Chemical Base Solvent free, 2-component Epoxy resin
Density Component A= ~1.14 kg (at 20°C) Component B:  ~0.87 kgd (at 20°C)
Viscosity Of Mixture
At+8°C: ~ 350 mPas
At +15°C: ~ 180 mPa-s
At +23°C: ~ 100 mPa-s
At +35°C: ~ 70 mPas
Curing Time Fully cured: 7 days (at +23°C)
Mechanical /| Physical Properties
Compressive Strength 70 -80 Mimm*
Tensile Strength ~50 Nimm®
Bond Strength On Water Saturated Concrefe:
After 5§ days storage in water: 2.6 M/mm? (failure in concrete)
System Information
Application Conditions/ Limitations
Substrate Preparation Surfaces and cracks need to be clean, free of loose and friable particles, dust and
any other bond-breaking substances. Any dirt must be blown out using clean
compressed air.
Sk Injsction-451 113
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Substrate Temperature

“C min. / +30°C max.

Ambient Temperature

“C min. / +30°C max.

Application Instructions

Mixing Ratio

T8 : 12 parts by weight (refer to Application Instructions/Mixzing)

Mixing

- The material is supplied in containers pre-batched according to the required
mixing ratio of 78 : 22 parts by weight

- Empty components A and B completely into a mixing vessel and mix unt
homogeneous.

- When required, smaller quantities can be measured out and mixed in the
correct proportions. The table below illustrates some different midng ratios that
may be convenient

- M the components together thoroughly but without excessive aeration, using
a low-speed mechanical stimer (max 300 rpm) for at least 3 minutes until a fully
homogeneous mixture is cbtained. Make sure that the material on the
contamer walls and bottom is also mixed in thoroughly (use a spatula or pour
again inte ancther clean container and remix)

- After mixing, fill the material into the pump’s feed container, stir briefly and use
within the pot life

Partial Unit Mixing Guidelines

Companent & by welgnt Companent B by weignt C,T'?Tg;";”;z g_r-_a
0.7 kg [.22 kg 1.0Kkg
3.00 kg [.85 kg 335 kg
5.00 kg 1.41 kg 5.41kg
5.00 kg 2.2 kg 10.25 kg
10.00 kg 252 kg 12.62 kg

Application Method [
Tools

njection pumps for single component products, such as 5 ka” Injection Pump EL-1,
EL-2, Hand-1 or Hand-2.

Cleaning of Tools

Clean all tools and application equipment with Sika® Colma-Cleaner to remove any
residue immediately after use. Do not leave 5 ka® Colma-Cleaner in the njection
pump. Hardened/cured material can only be removed mechanically.

Potlife

{for 1kg)

+8°C +10°C + "G + HC

~ 50 min ~ &0'min ~ G5 min ~ 10/min

The potlife is also dependent on the amount of matenal that has been mixed, higher
wolumes will decrease the potiife.

Once the pot life has elapsed. the matenal reacts very quickly with strong
exothermic heat development including smoke generation.

Therefore, only mix that amount of material which can be used within the
specified pot life.

Notes on Application /
Limitations

The injection process is dvided into three phases

Injection:

The tme during which the injected material under pressure flows from the pump to
the desired moisture/water containing areas

Induetion:

The time from mixing until the reaction starts.

Reaction in dry or damp condilions:

The peried during which the mix viscosity increases and the hardening process
takes place

Si® Injeclon-451 3
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Value Base All technical data stated in this Preduct Data Sheet are based on laboratory tests.
Actual measured data may vary due to crcumstances beyond our control.
Local Resfrictions Please note that as a result of specific local regulations the performance of this

product may vary from country to country. Please consult the local Product Data
Sheet for the exact description of the application fields.

Safety Instructions

Protective Measures = Woear protective gloves and eye protection during work
= A full Material Safety Data Sheet is available from Sika on request
Important Notes * Residues of materal must be removed according to lecal regulations. Fully

cured material can be disposed of as household waste under agreement with the
responsible local authorities.

= Detailed health and safety information as well as detailed precautionary
measures e_g. physical, toxicological and ecological data can be obfained from
the safety data sheet

Legal Notes The Infoemation, and, In particular, the recommeangdations relating to the apolication and end-
use of Slka products, are glven In good falth based on Slka's cument knowledge and
experience of the products when property stored, handied and applled unger nomal conditions
In accondance with Sika's recommendatons. In practice, the diferences In matenals,
sunstrates and actual site conditions are such that no wamanty In respect of menchaniablity or
aof finess far a paricular purpose, nar any llabiity ansing out of any legal relaborship
whatsoewer, can be Infarmed elther from this Information, or from any wiittan recommendations,
ar from any other advice offered. The user of the product mies? test the product's switabiity for
the Intended appiication and purpose. Sika reserves the rght to change the properties of s
products. The propaietary nghits of thind parties must be obearved. All orders are acoapied
suiject to our ciement temms of sale and dellvery. USens mikst always refer to e most recent
Isswe of the local Product Data Sheet for the produwct concerned, coples of which will be
supplied on reguest

Eka (NZ) Lid Lol fﬁa\
PO Bax 15182 O

Avondsie Fhione D00 SIHA NE 0500 745 285

Auckland - D00 SN FAX 0800 745 232 b_'.‘ ‘f

Hew Zealnd Email: Infodfnz sika com WwWW_SlEA 0.z el
Sk Injecion~351 i3
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17.4 Edilon Dex G 20

Productinformatieblad

edilon)(sedra

edilon)(sedra Dex®-G type 20/40/80

1 OMSCHRIIVING

2 TOEPASSING

3 KENMERKEN &
VOORDELEN

4 AANDACHTSPUNTEN

edilon)|sedra by
Mijverhaldsweg 23
ML-2031 CH Haarlem

A oycnomatistian
g ©dlon)zedra Dex-G

edilon){sedra Dex-G is een hoogwaardig groutsysteem voor het duurzaam ondersabelen van
machines en constructies onder zware dynamische mechanische belastingen. De uitstekende
hechting op vochtige ondergronden en de hoge aanvangsdrukvastheid maakt dit groutsysteem
bij witstek geschikt voor toepassingen waar snelheid s geboden. Het edilon){sedra Dex-G
groutsysteem is beschikbaar in drie typen, waarbij de componenten zorguuldig op elkaar
afgesternd zijn.

edilon){sedra Dex-G type 20 (2 componenten): aanbevolen voor giethoogtes van 0 — 20 mm.
edilon){sedra Dex-G type 40 (3 componenten): aanbevolen voor giethoogtes van 20 — 40 mm.
edilon){sedra Dex-G type B0 (3 componenten): aanbevolen voor giethoogtes van 40 — 80 mm.

Op verzoek:
edilon){sedra Dex-G Fast kan worden geleverd door ons katalysatorpakket edilon){sedra
Catalyst for Dex-G Component 4 tos te voegen.

edilen){sedra Dex-G is speciaal geschikt voor het ondersabelen van machinefundaties,
spoorconstructies, edilon){sedra EDF rughellingplaten, lichtmasten ete. Andere toepassingen zn
het spanningswvrij verdijmen van ankerbouten, draadstangen, lasplaten en betonijzers, boutkoppen
en ankerbussen in betonconstucties en [ of het repareren van betonconstructies. edilonj{sedra
Dex-G kan tevens gebruikt worden woor het verlijmen van staalplaten en strips aan beton en het
verijmen van edilon}{sedra Resilient ERS Sirips in het edilon){sedra Embedded Rail System.

Kenmarken Vioordslen
= LUlitstekende hechting op vochilge en natie + Gebrulksomsiandigheden Zjn nauwelllks kritisch
ondergronden + 00k In regenachily weer toepasbaar
+ Ondenwaterapplicaties zijn mogelik
* Hoogwaarsige mechanische elgenschappen + \Waarbongt ook onder oware en dynamische

= Ultstekende alekirische Isclatia belastingzn en parfecte verticale ultiljning van
machines, construclies en spoorEiaven

+ Gpega vermoelingsweersiand

+ Fesr gennge volumetnsche kimp + Gmotere laagdiktes kunnen In &én gisting worden
aangebracht
+ Waarborgt een perfects ultiljning

+ edpakl In nauwkeurg atgemeten en op elkaar |+ Eenvoudige verwerking zondsr weging

dynamizche belastingan

afgestemde eenheden + AHljd de |ulste mengwermouding
= Lage viscositelt (Dex-G type 20) + Vereenvoudigl het gebrulk in nauwe nimies
+ Bespaat kostzn
» Ultermale testand tegen olle en de meeste + Garandeert een duurzame ondersieuning en
chemicallén fxate
» (Gpese bestendigheld tegen trilingen en + Bl] uitstek geschikt voor ondersabelen van

edlion)isedra DFS rughellingplatan &n van
mataren

aandachts punt

Taselichting

= “Wopor een oplimake hechting dienen de

oppendakkan voorbehandaid t2 worden

Eetonnen oppendakken met lossingsmiddelen en
curing compounds kunnen een gereduceerde
hechting tot gevolg hebden

+ De standaand ulthandingstjd van Dex-G s 24 uur

Dex-5 Fast heel een korere ushardngstd en
wordt angeraden om te gebnilken ol
IZEI'HPEIEIJ.II'EI'I tussan de +10&en + 25 "C

P.C. Box 1000
HL-2002 RZ Haarlem

Referantia:
Paginz

T+317 (023 /53189519
F+317 [@23/531 07 5

mallifpedionsedra.com
wanw edlonsedra.com

DATA Dax-G (ML) 070504 rev 03
ivan7?
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3 SAMENSTELLING

epoxyharsen en hoogwaardige minerale vulstoffen.

XXVII

edilon)(sedra

Raadpleeg voor meer informatie het edilon){sedra Dex-G Veiligheidsinformatieblad.

& VERPAKKING

Afhankelijk van het producttype wordt edilon){sedra Dex-G geleverd n twee dan wel in drie

edilon){sedra Dex-G is een oplesmiddehrij zelfnivellerend groutsysteem op basis van speciale

afzonderijk verpakte componenten: component 1 (hars), component 2 (harder) en eventueel
component 3 {afgestemde hoeveelheid minerale vulstoffen).

Catalyst for Dex-G Component 4 is leverbaar in afzonderjke flessen.

De standaard unitgroctte van edilon){sedra Dex-G type 20 is 2.5 en 10 kg product.
De standaard unitgrootte van edilon){sedra Dex-G type 40 is 15 kg product.
De standaard unitgroctte van edilon){sedra Dex-G type 80 is 20 kg product.

T OPSLAG &
HOUDBAARHEID

opslagtemperaturen dienen te liggen tussen de + 5 °C en + 30 °C.

In de originele goed afgesloten verpakking en onder de boven omschreven omstandigheden

edilon){sedra Dex-G dient in het magazijn en op de plaats van witvoenng droog, goed
afgeshoten en op een tegen de zon beschutte plaats te worden opgeslagen. De

heeft edilon){sedra Dex-G een houdbaarheid van maximaal 24 maanden.

8 CHEMISCHE & FYSISCHE EIGENSCHAFPPEN

Dex-G type 20 40 &0

Elganschap Horm ‘Waards ‘Waarde ‘Waarde Eanheld
Dichtheld ukgeharnd product 1=0 11E3-1-A 1.61=0.05 1.75= 005 130 0,05 | gicm®
Kleur gemengd proguct Grijs Grjs Grijs
Kleur companent 1 Belge Balgs Balgs
Kleur companent 2 Zwart Zwart Zwart
Kleur companent 3 - Balge Balgs
Viscositell component 3 b + 25 "C 150 3219 = = = Pa-s
Viscositell gemengd product {1+2) b| + 25 °C 150 3219 1 1" 1" Pa-s
Mengverhiouding In gewichi . . .
component 1 © component 2 100 : 20,05 100 : 2005 100 2005
Mengvertiouding In gewicht

- 100 : 50 100 100
gemend product {1+2) : component 3
vierwerkingstjd b + 25 “C [viscosielt 200 Pa-s) | IS0 10364 0 30 35 minuten
Warmtegeleidbaarhedd A10 - A40 i .
busssn £ 10 "C 20 2 A0 "0 EM 12667 0.430 - - Wim.K)
DIN VDE 0100-610 | = 1000 (Droog)
Violumeweersiand DIM WDE 030330 MOm
IEC E0093) = 1000 {Mat) (0.1 M Nacl)

«  Prosfetukken zijn gemaakt door belde compaonenten grondig e mengen.
» Testresultaten zin bepaald met uitgehand product na 7 dagen bl een temperatuur van + 23 *C, benzl| anders aangegeven.
= Detoegepaste proefstukken en testmethoden kunnen worden gewljzigd zonder voorafgaande kennisgeving.

A oaucintomatieba
-— edllon){zedra Dex-G

Referentie:
Pagina:

DATA Dex-G (ML) 070504 rew 03

2van7
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edilon)(sedra

9 MECHANISCHE EIGENSCHAPPEN

Dex-G type 20 40 an

E|ﬂﬂﬂ“|'|ﬂp Horm ‘Waarde ‘Waarde ‘Waarda Eanheld
Bulgtreksterits I
Proefshukafmetingen: 40 x 40 x 160 mm EN15E-1 = S Sy MFa
Druksterte Op baslks van
Proefstukatmetingsn;: 100 x 100 x 40 mm EM 186-1 5oL = ks = UL MFa
Elasticitersmonuliss 150 178 = 4500 MPa
Afschulisterkts ASTM D1002 = 15 MPa
Bulgsterkts 150 178 = 39 MPa
Rubberhandheld na 24 wur 150 TE18-1 525 Shore D
Rubberhandheld na 7 dagen 150 TE18-1 B0+5 Shore D
Oppendakizsiiftageweerstand [TWA] 150 9352 < 440 IE.!{:-.;-DEI]
Hechistarkts op staal (5235 JR Sa2.5) 150 4624 = 35 MPa

Hechisterkte op batan (dnoog)
Hechisterkte op betan (vochilgheld 6%) EM 1542 » 1.5 (betenbreuk) MPa
Hechisterkte op beton (onder water)

«  Proefstukken zijn gemazkt goor belde componenten grondlg te mangen.
«  Testresultaten zijn bepaald met utgenand product na 7 dagen bl 2&n temparaur van + 23 *C, tenzl] anders aangegeven.
» De toegepaste proefsiuiiien 2n testmatnodan kunnen worden gewlzigd Zonder vooratgaande kennisgeving.

S ——— Referantie: DATA Dex-G (ML) 070504 rev 03
wmp SUlon)(zedra Dex-G Pagina: 3vanT
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XXIX

10 OPPERVLAKTE-
VOORBEHANDELING

11 GEBRUIKERS-
INSTRUCTIES

A cooaucinmatiebEg
- edllon)aedra Dex-G

edilon)(sedra

De duurzaamheid van het systeem waarin edilon){sedra Dex-G toegepast is, is direct afhankelijk
van de kwaliteit van de opperviakievwosorbehandeling viak voor toepassing. Veor een optimalke
hechting dienen de opperviakken in ieder geval schoon te zgn.

edilen){sedra Dex-G dient direct na het voorbehandelen van de opperakken aangebracht te
worden.

Betonnen opperviakken:

Ten aanzien van betonnen oppendakken zijn de volgende eisen van toepassing:
» Minimaal C20/25 kwaliteit volgens EN 208

= Ten minste 7 dagen oud

» Aanhechtsterkte betonnen opperviak = 1.5 MPa wolgens EN 1542

Voor het verkrijgen van een optimale hechting aan betonnen opperviakken dient te allen tijde
het betonnen oppendak voorbehandeld te worden. Het betonnen opperviak dient te worden
ontdaan van de cementhuid, curing compound, lessingmiddelen en vervuilingen zoals olie, wuil
en vet. Geschikte methodes hiervoor zijn straakeiniging (droog of nat) en slijpen.

Ma voorbehandeling dient het opperak ontdaan te worden van losse deeltes en stof.

ATTENTIE: Het gebruik van curing compound en lossingsmiddelen bij betonnen
opperviakken kan een zeer sterk reducerend effect hebben op de hechtingseigenschappen
van edilon}{sedra Dex-G.

Reparatiemortel:

Voor het verkrijgen van een optimale hechting aan reparatiemortel gelden dezelfde eisen en
voorbehandeling als woor betonnen oppendakken.

Stalen opperviakken:

Voor het verkrijgen van een optimale hechting aan stalen oppervlakken dient het opperviak te
allen tijde voorbehandeld te worden. Losse deeltjes, stof, wui, walshuid, roest en andere
verontreinigen mosten worden verwijderd. In het geval van thermisch verzinkte oppendakken
dient het opperviak tevens vry te zipy van zinkzowten.

ATTENTIE: Zo snel mogelijk na het voorbehandelen dienen stalen opperviakken te worden
voorzien van edilon}{sedra Dex-G. Stalen opperlakken dienen volledig droog te zijn
voordat de applicatie wordt uitgevoerd. Om in de tijd tussen de wvoorbehandeling en het
aanbrengen van de edilon){sedra Dex-G roestvorming van het oppervlak te voorkomen,
dient het opperviak droog opgeslagen te worden.

+ Onbehandeld staal:
Straalreinigen tot minimale reinheidsgraad 5a 2.5 volgens EN 150 B501-1.
Het opperviak dient een ruwheid Rz te hebben van 50-70 pm.

+ Thermisch verzinkt staal:
Aanstralen met een niet-metallisch straalmiddel volgens NEN 5254,

Raadplesg voor wigebreide gebruiksinstructies het edilon){sedra Dex-G
Gebruikersinstructieblad en de edilon)(sedra Installatie Instructies die van toepassing zijn.

Referantie: DATA Dex-G (ML) 070504 rev 03
Paglna: 4van 7
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VERWERKINGSCOMDITIES
Conditlas Wi aarda Opmerkingsn
_ Fas net product allesn toe op woorbehandelde opperdiakkan
Cppendak Droog —nak, BSR0OR | . - orniz 11), Visuesl b2 bepalen,
omgeving" Droog — nat
Relatieve luchivochtigheld Gaen beparking

Cppendakistemparatiur

Geldt voor leder oppendak waarop product wondt inegepast. BY| licht
+5°C tot+ 45°C bewolkt en zonnlg weer s de opperdakisiemperaiuur altljd hoger dan
ge luchitemperatuur door strailngswanmie van de zon

Productemparatr

+ 15 °C fot + 30 °C

= Aanbevolen mestapparatuur: TQC DewCheck of Elcometer 3196
" uitzondering: het hechten van ds Resllent Sip In de ERS-goot disnt cnder droge omstandighedsn te gabsuren.

VEILIGHEIDS-
MAATREGELEN

00

MENGEN

BY het werwerken van edilon){sedra Dex-G dienen de volgende veiligheidsmaatregelen in acht te
worden gencmen: het dragen van beschermende kleding, rubberhandschoenen en een
veiligheidsbril.

Zorg by de verwerking van edilon){sedra Dex-G voor voldoende ventilatie.

Raadplesg voor meer gedetailleerde veiligheidsinformatie betreffende de verwerking van
edilon){sedra Dex-G het verpakkingsetkst en het edilon){sedra Dex-G
Veiligheidsinformatieblad.

edilon){sedra Dex-G dient opgeslagen te worden in de oniginele goed afgesloten verpakking.

Schud vaor het mengen Component 2 gedurende 1 minuut intensief en giet de volledige inhoud
langzaam bij Component 1. Indien edilon){sedra Catalyst for Dex-G Component 4 gebruikt wordt,
giet dan eerst de inhoud van een flesje n de Component 1 alvorens te mengen met Component 2

Vioor het mengen van edilon){sedra Dex-G type 20040 kan het edilon){sedra ediMix 14 mobiele
mengstation worden ingezet Meng het product twes keer.

By edilon){sedra Dex-G type 20/40/80 kunnen beide componenten grondig met behulp van een
elekirische handmenger gedurende 2 minuten worden gemengd. Hierbij beweegt men de menger in
de verpakking heen en weer om zo een homogene grjskleurige massa te verkrijgen.

Voor toepassing van edilon){sedra Dex-G type 40/80 dienen Component 1 en 2 eerst gemengd te
worden zoals hierboven is beschreven. Vioeg daama de afgepaste hoeveelheid Component 3
langzaam toe. Alle componenten dienen tenskotte nog gedurende 1 minuut te worden gemengd met
de ediMix 14 (voor Dex-G type 40) of met de elekirische handmenger (voor Dex-G type BO) tot een
homogense massa wverkregen is.

Ter bescherming van de edion){sedra ediMix14 mobiele mengstations tegen owerbelasting, en ter
verbetering van de gieteigenschappen, wordt geadviseerd om beide componenten by een
producttemperatuur tussen + 13 °C en + 30 °C te mengen.

Raadplesg het edilon){sedra ediMix 14 Gebruikersinstructieblad woor gedetailleerds informatie
ower het gebruik.

Spacificatias Handmenger

Type Hanmoormachine of vargalibaar

Mengpropalier edliionsadra WK 30

Vermagan 4DDW

snelheld 4D0-500 tpem

Gaachlkt voor:

Dex-G fype 20, &0, 80
e —— Referantie: DATA Dex- (ML) 070504 rev 03
— LT Pagina: Svan7
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edilon)(sedra

15 VERWERKINGSTLID De verwerkingstjd van edilon){sedra Dex-G is athankelijk van de productternperatuur en het
gemengde volume.

Onderstaande tabel toont de venmerkingstjd met en zonder toevoeging van edilon){sedra
Catalyst for Dex-G Component 4 (Dex-G 20 Fast).

Producttemperatuur Verwerkingat]d Dex-G 20 venwerkingstijd Dex-G 20 Fast
[C) {minuten] [minuten)
15 41 F.
20 35 18
25 30 -
30 20 -
16 WTHARDEN DO mmimale uithardingduwr van edilon){sedra Dex-G wordt gerelateerd aan de
oppendakietemperatuur.

Onderstaande tabel toont de wihardingstijden met en zonder toevoeging van edilon){sedra
Catalyst for Dex-G Component 4 (Dex-G Fast).

Opperdlaktetamparatuur | Ulthardings tjd Dax-G 20 Ulthardingstijd Dex-G 20 Fast

*C {uren) {uran)
10 24 10
15 15 7
20 12 3
25 ] 2
3M-45 5 2

1T REINIGING Gereedschappen dienen direct na gebruik schoon gemaakt te worden met edilon){sedra

Toolcleaner. Raadpleeg wior gebruik eerst het edilon){sedra Tooleleaner
Veiligheidsinformatieblad.

18 VERWILIDERINGS- D volgende afvalproducten kunnen ontstaan by verwerken van edilon){sedra Dex-G:
AANBEVELINGEN
Omschri]wing Soort afval Atvalcods
Liigehard proguct Geen gevaarili ahval
Verpakking met ukgehand product Geen gevaarili ahval
erpakking met companent 1 of component 2 Gavaarlk atval 1501 10
erpakking met companent 3 Geen gevaarlli ahval
“erpakking met companent 4 Gavaarlk atval 1501 10
Werpakking met niet wigehard proguct Gavaarlk atval 1501 10

De afvalproducten dienen met inachtneming van de voorschriften wan de plaatseljke instanties in
een daarvoor geschikte installatie te worden verbrand of dienen te worden afgevoerd volgens de
voorschriften wan de Eurcpese Afvalstoffendijst (EURAL)L

19 KLEURBESTENDIGHEID De kleur van edilon}{sedra Dex-G kan veranderen doordat ompgevingsinvloeden (chemicalién,
hoge temperaturen, uv-straling) op het materiaal inwerken. Deze kleurveranderingen aan het
oppeniak hebben een geringe inviced op de mechanische eigenschappen van het
productoppendak.

R ————— Referante: DATA Dex-G (ML) 070504 rev @9
g GUlion)izedra Dex-G Pagina: 6 van 7

XXXI



XXXII Assessment of epoxy resins for injected bolted shear connections

edilon)(sedra

D& Infoematie en adviezen met betrekking iot de fechnische toepassing van de door edion)|sadra geleverde producien In woord of geschitt
wonden naar beste welen verstrekt door edlion)sedra. Deze gelden slechis als vil|blljvende aarmwmjzingen, waarbl] de gebrulier er zang woor
draagt dat er geen Inbreuk plaatsyingt op beschemende rechien van derden. 7] ontslaan de gebrulker niet van de vemplichiing de door
edllon){sedra geleverte producten op hun geschiktheld voor de door hen beoogde procedes en dosleinden te confroleren en e benodigde
vorZorgsmaatregelen te treffen. Toepassing, gebrulk en verwerking van de edllonj(sedra producien vindt plaats bulten de controle
mogealkheden van ediion)jsedra. ZI| valien derhalve onder o veranbwoordelljkhield van de gebrulker. Vanzelfsprekend staat edlion)jsedna in
woor de deugdellkheld alsmede de kwalielt van haar producten. Hierl) wordt ook werwezen naar de Algemens Voorwaarden van
edllon){sedra.

Alie rechien voorehouden. Miets van deze publicatie mag worden gereproducesnt eniof gepubliceend door middel van kopieenechnieken of
elke andere voim van dupliceren zonder schifteljke ivestemming van edionjsedra.

edlion){sedra Dex™ |5 een geregistreend hangelsmark.,

070304 rev 082004-0404REC1 510314 Datum vitgifte: 12-03-2014
Vertaling gebaseerd op het originele edilon){sedra document (EN) 070704 rev 03

edilon)(sedra by

@ Nijvarhaldswag 23 P.0. Box 1000 T =31/ [0)23 /531 3519 mall@ediicnssdra.com
© HL-2031 CM Haarlem ML-2003 RZ Haarlem F +31 [ [0)23 { 531 07 51 www.edlicngedra.com
- ————— Referante: DATA Dax-G (ML) 070504 rev 09
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17.5 Edilon Dex R 2K

Productinformatieblad edilon)(sedra
EDILON Dex®-R 2K

1 OMSCHRLIVING

| C€
0620
edilon)({sedra bv 08
0620-CPD-43262/02
ETA-DB/0272

ETAG 0001-5 - optis 7
M12 — M30

2 TOEPASSING

EDILON Dex-R 2K is een CE gecertificeerd, hoogwaardige professionele ankedijm voor het
spanningswrij verlijmen van constructiewe ankers in beton, waarvoor de product
goedkeuningsrichtlijn ETAG Mo 001, part 5 - "Bonded anchors”, oplie 7 van kracht is.

De EDILON Dex-R 2K is toegelaten op basis van diamant geboorde gaten en is geschikt voor
het verdijmen wan standaard metrische draadeinden in droge, natte en met watergevulde
boorgaten.

EDILON Dex-R 2K is een twee componenten oplosmiddel- en styreenvnje ankerdijm, verpakt in
een dubbele kokerverpakking van 500 ml en kan worden verwerkt met hand, pneumatische of
accu kokerpistolen woor 2K kokers.

‘ioor iedere applicatie een passende verwerkingsoplossing.

EDILON Dex-R 2K kent als unverseel ankerijm systeem veel toepassingen in de bouw,
spoortouw en industrie ten behoeve van het structureel en constructief verfijmen van
draadeinden. wapeningsstaven, speciale ankerbouten, boutkoppen en ankerbussen in beton.

EDILON Dex-R 2K is geschikt voor het structuresl verdijmen van veel verschillende soorten
materialen zoals; staal, beton, natuurstesn, prefab bouwelementen, enz_, waarbij op
ondergrenden van beton en staal een hoge aanhechtsterkte wordt gersaliseerd.

EDILON Dex-R 2K is speciaal geschikt voor toepassingen onder extreme omstandigheden die
in de boww voorkomen en waarbij het verwerkingsgemnak wordt gekoppeld aan een hoge
plaatsingsbetrouwbaarheid en een goede duurzaambeid.

3 KEMMERKEN &
VOORDELEN

edilon)|sedra by
Nijverheidsweyg 23
ML-2031 CN Haarem

A oacintomatisbiEg
- EDILON Dex-R 2K

Kenmarken Voardalan
s ETA goedkewring + Speciaal voor diamant geboonde gaten een
»  Product conformiteitsverklaring AoC-level 1 goedgekeurd ETAG ankemroduct
vokjens KIWA EC confomitettscestficaat + Pmoduciprestaties en productiowaliteit zjn
D520-CPO—43262102 geborgd
+  Hoge paatsingsbetrouwbaameid + Lage panige velligheidstactor 1z~ 1,0
= Spanningsvr| verankeren van + Pmduciprestaties ongesvenaarnd
betonconstructies + Hoge rekenwaandes
= Ultstekende hechiing In droge, natie en In waler | + Geschikt voor zeer zaare belastbaarhald
gevulde boorgaten
» Tospashaar op vochiige ondergronden + Getulksomstandgheden zijn niet kritlsch
= Geschikt voor geordk In met waler gevuide + 0ok In regenachiig weear ipepasbaar
EN + Ondereater applicaties zijn mogellk
= Toegelaten in diamant getoorde gaten + Bespaart tljd
= Geen speclae ankers nodyg + Breed Inzetbaar
*  Siandaard memsche draageinden met 3.1 + Bladt 2en hoge mate van Texillibei
cerntficaat Zn toepasbaar + Ruimea beschikbaarheld van verschillende
= Geschikt voor honzontale en verticale kwaliteiten draadeinden
BN + Unieerses| ipepasoaar
= Ruime boorgat maatisieranties mogelljk + Bespaart kosten
= Geschikt voor doorsteek en voorsteek moniage
= Dok wapsningsstaven en ataikende
ankertypen kunnen eenvoudl] worten verljmd
= Hoogwaardige mechanische eigenschappen + Garandeer een goede duwrzaamheld
= Ulstakende slekinsche salatie + Beperkt fsleo’s spanningscomosie
»  Ultermate reslstent 1egen olle en de messie + Goede vermoelingswearstand elgenschappen
chemicallén + Verankerng In grote gatdameters en diepe
»  Zesr gednge volumatische kimp boorgaten ook mogelljk
= V| van oplosmisdeien + Bevat geen schagell|ke styreenachiige stoffen
= Reukloos + Gosde veraerkbaamed
= Bevat hoogwaardlge vulsiofen + Lange houdbaarheid
P.O. Box 1000 T+317 (0)23 § 531 95 13 malli@edionsedra.com
NL-2003 REZ Haarem F+31 7§ (023 4 531 07 51 waw_edlonsedra.com
Referamtia: DATA Dex-R 2K (ML) 070205 rav 09
Pagina: fvan’v
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4 AANDACHTSPUNTEN

3 SAMENSTELLING

& PRODUCTTOELATING

C€

0620

edilon){sedra bv 06
0620-CPD-43262/02

edilon)(sedra

Kenmarksn Voordalsn
» Twes componenten kokerverpakking + Direct versarkbaar
= Hoogaaardige siallsche mengtul + Altld een perfecte menging
= Gebulksvriendellke, schone, velige en snelie | + Werhoogt o2 productivitelt
verwertingsmethode + Aangebroken kokers ook na langere tjd

»  Vrjwel geen materiaalvedies heroquikbaar met een nieuwe statischa mangbult
+ Zear economisch, lage kosten per boorgat

Aandachtspunt Toellchting

s Verankerngstoepassingen dle buiten de ETAG | » \oor constructieve verankeringen In beton
richiljn wallen, dlenen per toepassing te worden mogen wislutend ETA goedkeurte producten

beoomdesid door een deskundlg constructeur gebrulkt te worden

+  In hoge betonsterkte kiassen by, CSIE0 + In het geval van hoge betonsterkte Massen wordt
dienen diamant geboorde booegat wanden te de boorgat wand aks het ware glad gepaoll|s! bl
woiden opgenuwd voor oplimale presiaties het diamant baren

ETA-06/0272
ETAG 0001-5— optie 7
M12 — M30

T VERPAKKING

EDILON Dex-R 2K s een oplosmiddelvnj twee componenten lijmsysteemn op basis van
speciaal samengestelde epoxy harsen en hoogwaardige minerale wulstoffen.

Raadplesg voor meer informatie het EDILON Dex-R 2K Veiligheidsinformatieblad.

EDILOMN Dex-R 2K European Technical Approval — ETA-D6/0272

Europese producigoedkeuring met EC conformiteitscertificaat 0620-CPD-43262/01 op basis
van de ETAG nchilipp Mo D01, part 5 — "Bonded anchors™ volgens optie 7.

Goedkeuringstesten zijn uitgevoerd op met diamant geboorde gaten i niet gescheuwrd beton
met minimale sterkteklasse C20/25 en maxmale sterkteklasse CH0/G0.

Geteste ankerdiameters M12, M16, M20. M24 en M30 met inlijmdieptes tussen B.d en 12.d.
Gebruikscategorie 2 — droog en nat beton en in met water gevulde boorgaten.

EDILON Dex-R 2K wordt geleverd in een twee componenten §00 ml dubbele kokerverpakking,
waarbij de mengwerhoudingsn op elkaar zijn afgestemd.

EDILOM Dex-R 2K wordt in de 800 ml kokerverpakking standaard geleverd in een
omverpakking van 14 units inclusief 14 statische mengers en injectie slangetjes {185 mm).

B OPSLAG & EDILON Dex-R 2K dient in het magazijn en op de plaats van vitvoering droog. goed afgesloten
HOUDBAARHEID en op een tegen de zon beschufte plaats te worden opgeslagen. De opslagtemperaturen dient
te liggen tussen de + 10 °C en + 30 *C.
In de originele goed afgesloten werpakking en onder de bovenstaand omschreven
omstandigheden heeft EDILON Dex-R 2Keen houdbaarheid van maximaal 18 maanden.
R — Risferantie: DATA Dex-R 2K (ML) 070203 rev 09

- EDILON Dex-R 2K

Paglna: Z2vanv
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CHEMISCHE & FYSISCHE EIGENSCHAPPEN

edilon)(sedra

Elganschap Horm Waards Esnhald Opmerkingsn
Dichtheid ukgehard product 10 1183-1-A 1.47 = 0L05 g'cm®
Kleur gemengd product Donker grijs
Kleur component 1 Licht balge
Kleur companent 2 Zwart
WiscoslteR component 1 b +23°C 150 3219 0 Pas
Wiscosltel component 2 b +23°C 150 3219 41 Pas
Viscositel gemengd product bl +26°C 130 3219 35 Pas Ga2meten na 2 minuten
Mengvermhouging In gawichi .
companent 1 : component 2 ponii s
Mengvemhouding In voume
g g 100 - 100
Component 1 : component 2
Reactiviteit bl) +23°C IZ0 10364 2 minuten
= 1x10° Droog
Specifeke gakinsche opoerdakizweerstand UIC 864-5 sl
= 1x10° Mat
= 100,000 Droog
Specifieke elektische doorslagwearstand UIC 364-5 MO.m
= 100 Mat

= TesTesultaten zijn bepaakd met utgehard product na 7 dagen o +23 “C, t=nZ] anders aangegeven.
= D toegepaste prosfsiuiien 2n testmathoden kunnen gew|Zgd worden zonder vendere medadelingen.

MECHANIS CHE EIGENSCHAPPEN

Elgenschap Norm Waards Esnhald Opmerkingsn
Treksterkte 150 527 » 35 MPa
Elasiicital modulus 150 178 4 300 MPa
Bulgsterkte 150 178 = &0 MPa
ATschull stefkte ASTM D1i002 = 10 MPa
Druksterkte na 24 uwr 150 604 = 100 MPa
Druksterkte na 7 dagen 150 604 = 120 MPa
Treksterkte staal MEM 150 6522 = 25 MPa
Enksivoudige Lapnaad sterkte ASTM Di002 = 10 MPa
Enkshvoudige Laonaad sterkts — dik prosfsiuk | SMCF - o IE:'-;:PE:ELI;ZJ:;?J:.;E mam,
Staal 5235)R - Sa2 5 CTIGEV 6024 SMCF gis = 10 MP3
Hardheld ra 24 uwr 150 7E15-1 B5x5 Shore D
Hardheld ra 7 dagen 150 TE15-1 B5x5 Shore D
Lineaire krimp edlian MI12 Hist waarnesmbaar
Hechielgenschappen staal (St.37-2, 5a 2.5) IS0 4624 = 35 MPa
Hechieigenschappen beton (C3545) 150 4824 = 5 MiPa Coheslebreuk b=ton

= Tesresultaten zijn bepaakd met utgehand product na 7 dagen b van +23 °C, teno| anders aangegeven.
= De toegepaste proefstulken en testmethoden kunnen gewljzigd worden zonder verdere mededelingen.

A oo ycnomatstan
wmp EDILON DexR 2K

Referantie:
Paglra:

DATA Dex-R 2K (ML) 070205 raw 09
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11 ETA PLAATSINGS-

edilon)(sedra

De ongdersiaande plaatsingsgegevens van de EDILON Dex-R 2K Zjn ontleend aan ETA

GEGEVENS goedkelrngsdociment ETA-DE272 an gelden voar:
=  Diamant geboorde gaten
=« Ongescheund beton met minimaie baton kwallte? C20025 en CS0A60 maxdmum
»  Gebmuikscategore I (droog, nat en met water gevulde boorgaten)
»  Standaard meinsche draadeingen van koolstof staal met siaalkwalitelt 4.6 tm 12.9 en roestvast siaal
so0iten
= (32en beperking door rand- ervof of hart-op-har afstanden
«  Partitle velligheldstactor voor plaatsingsgavoaiighekd ya = 1.0
ETA-0G/02T2 standaard Minirmwm maximum
de Pt N e Hga ha Wl HNss Nar Nhae Hza
{mmj} {mam [kH) EH} {mm] (KN} {kN] {mimj (&N} [kN)
W12 16 120 4D 26,7 as 30 20,0 150 50 3.3
M1E 20 150 [ H] 40,0 125 = H 333 130 T3 30,0
W20 24 150 75 a0.0 180 &0 40.0 230 55 3.3
W24 2B 23D 115 TET 180 s £33 280 140 833
N30 3 270 170 1133 240 140 533 330 200 133.3
» = Doorgatdlameter
= Iy = effectieve plaatsingsdiepte (standaard, minimum, maximum)
» Wy = karakiernstieke sterkte C20025 beton
= N =rekenwaande trekkracht met ype = 1,3

M oo cinmatisbias
Wy EDILON DexR 2K

XXXVI

Verhogingsfactor voor niet-gescheurd beton

Betonstarkis klasse CIW3T CANSD CHeD
We 1.14 1.26 1.33

Voor het berekenen van de eigenschappen van ankergroepen en ankers onder invioed van
rand- enfof of hart-op-hart afstanden wordt werwezen naar de CUR 25 aanbeveling tweede
herziens versie. In de CUR 25 aanbeveling is de anker berekeningsmethodiek overgenomen,
die door de Eurcpean Organisation of Technical Approvals is vastgelegd in de Eurcpean
Technical Appproval Guideline Mo. 001 voor “Ankers in beton”.

Conform de richtlijnen in de ETAG No. 001 wordt door edilon){sedra voor de anker
plaatsingsdiepte een bersik van B —12 x anker diameter gehanteerd. In het geval van
plaatsingsgegevens die afwijken van de ETA dient men deskundig advies in te winnen.

Raferantie: DATA Dex-R 2K (ML) 070205 rav 09
Paglna: 4van7
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12 TOEPASSINGS-
GEGEVEMS en

13

GEBRUIKSADVIES

ETA INSTALLATIE

edilon)(sedra

Bij foepassing van EDILON Dex-R 2K dienen betonnen ondergronden woldoende sterkie
bereikt te hebben ten behoeve van de constructieve toepassing.

Ten aanzien van betonnen endergronden, zipn de volgende specificaties van (nieuw) gestorte
betonviakken in constructieve toepassingen vereist:

= Minimaal C20/25 kwaliteit wolgens EMN 208

= Tenminste T dagen oud

= Aanhechtsterkte betonopperdlak > 1.5 MPa volgens EN1542

Boorgaten dienen conform (bestek-) tekening te worden geboord_

Reiniging van alle boorgaten door: 3x borstelen en 3x wiblazen.

Borstelen met een kunststof borstel en uitblazen met oievrije pershucht dmv een pershacht pistool
met een uitblaasopening van minimaal 3 mm diameter.

De verwerkingstyd en de minimale vithardingduur van EDILON Dex-R 2K zijn afhankelyk van
de productternperatuur en het gemengde volume. De tabel geeft een indicatie van de
verwerkingstyd van het product bij verschillende producttemperaturen. De minimals
vithardingduur van EDILON Dex-R 2K wordt gerelateerd aan de oppendakietemperatuur.

Producttampsaratuur Varwerkingstiid Utthardingstiid
["€1 [miln] [uur]
=10 30 4B

10-20 20 24
20-35 5 24

Raadplesg voor een uitgebreide verwerkingsinstructies het EDILON Dex-R 2K
Gebruikersinstructieblad.

De onderstaande mstallategegevens van de EDILON Dex-R 2K zijn onteend aan ETA

GEGEVENS goedkeuringsdocument ETA-DS0272.

ETA-OEMIZT2 Standaard Minimurm Maximum

ds [i '™ Tt f: P Crmin Pl rrin Bmin Crmin Hirnin Bmin Ermia | T

) | () (R (mm) {mumij {mrm] [mim] {mam} [mrm] (mimj {rmim) {mmi
M2 16 14 40 &0 &0 150 50 S0 125 75 75 180
M18| 20 18 100 75 T3 180 65 &5 155 S0 ad 210
M20 24 b 1EQ &a &a 21 an Ed 200 115 115 270
M24| 23 25 300 115 115 280 95 a5 24a 140 140 33
M0 M 33 500 135 135 330 120 120 300 165 165 390
+  d. = boargat mameter ®  Sn. =miimale anker har-op-har afstand
*  dy = gatdiamater In bevestigingspiaat *  Gmn = minimale a'lrer randafstand )
+  Tiwe = Aandraalmoment voor draadeinden kiasse 8.3-129  * Mo = Minimaie beton bouwdeekikie

A oo cntomatistian

- EDILON Dex-R 2K

Referentie: DATA Dex-R 2K (ML) 070203 rev 09
Paglna: Svan7
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14 VERBRUIKS- Met eén 800 ml 2 componenten kokerverpakking EDILON Dex-R 2K ankerijm kunnen
GEGEVENS maximaal de onderstaande aantallen ankers worden verdgnd volgens de algemens
plaatsingscondities
Matrisch draadeind Standaard Minlmum Maximum
dp [|™] Naa [;:‘] M i hig [ | P
[} {rmrn} {mr]
M1z 16 120 45 a5 58 150 ar
M1E 20 150 28 125 2 180 23
M20 24 160 18 160 20 230 14
M24 28 230 1 150 14 260 9
M30 34 27 T 240 B 33a &

»  dp = boorgat diameatar

v hg = effectieve plaatsingsdlepte (siandaard, minlmum, maximum)

* 0 =aantal ankers per 500 ml kokerverpakking (boorgat wordt niet voliedg gevuid)

H.B.: Barekening verbrulkagegevens zondar werllszen en Zondsr anker | boorgat toleranties

da
e e 200d Nzaes Mg 25md Mzgaa
Wapeningestaal FeE 500 - [mmj o —
el 11.5 14 200 35 250 3
el2 135 16 240 2B 360 22
B4 14 18 2E0 Pl 350 17
Bls 18 20 320 16 400 13
s20 23 25 400 10 500 a
25 8.5 30 S0a 5 825 4
B2& 3z 35 560 3 70D 2
B3z 36 40 540 2 ao0 1.5
« dg = tl:l:"?ldlamE'.E'
v dp = Uiwendige rio diameter (i dlameiers kunnen vanéren iy natlonadle normen en producanten;
v  hg= effeclieve plaatsingsdiepte — voorbeeld plaatsingsdiepte = 20 x staafl dlameter / 25 x staal dlameter
*  Manes= 33ntal ankers per 600 mil kokerserpakking (boorgat hosf nilet volladlg gevuld te worden)
N.B.: Eamuﬂﬂlﬂg ?mrulkﬂwgﬂwﬂs zonder varllezen sn zondsr anksr ! boo rga]: tolarantles

M ot tmatistian Referentie: DATA Dex-R 2K (ML) 070203 rev 03
Wy EDILOM DexR 2K Pagina: Evan 7
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13 VEILIGHEIDS-
MAATREGELEN

16 REMNIGING

17T VERWIJDERINGS-
AANBEVELINGEN

18 PRODUCTADVIES
I

edilon)(sedra

By het verwerken van EDILON Dex-R 2K dienen de volgende beschermende maatregelen in
acht te worden genomen: het dragen van beschemmende kleding, handschoenen en het dragen
van een veiligheidsbril. Zong bij de vermerking van EDILON Dex-R 2K woor voldoende ventilatie.

Raadplesg voor meer gedetailleerde veiligheidsinformatie betreffende de verwerking van
EDILON Dex-R 2Khet verpakkingsetket en het EDILON Dex-R 2K Veiligheids
informatieblad.

EDILON Dex-R 2K dient opgeslagen te worden in de originele verpakking.

Gereedschappen dienen dinect na gebruik schoon gemaakt te worden met EDILON Tool Cleaner.
Raadpleeg voor gebruik het EDILOMN Tool Cleaner Veiligheidsinformatieblad.

D wolgende afvalproducten kunnen ontstaan by verwerken van EDILON Dex-R 2K:

omsch]ving Soort afval Afvalcoda
Uiigehard proguct Ezen gevazrii atal
Vemakkling met uligehand product Gaen gevaarllk atval
Vemakking met component 1 of companent 2 Gavaarlfk atval 1501 10
Vemakking met rilet uigshard product Gavaanl|k atval 1501 10

De afwalproducten dienen met inachtneming van de voorschriften van de plaatseljke instanties
in een daarvoor geschikte installatie te worden verbrand of dienen afgeveerd te worden volgens
de voorschriften wan de Europese Afvalstoffendijst (EURAL)L

Voorafgaand aan de keuze voor EDILON Dex-R 2K wordt geadviseerd om contact op te nemen
met eddon){sedra om verder advies te krijgen bij uw toepassing. Tevens kunt u gebruik maken
van onze jarenlange ervaring in het ontwerpen en toepassen van eddon j{sedra producten.

| De Infmatle en adviezen met betrekking tot de technische toepassing van de door ediion){sedra geleverde producien in woord of
geschift worden naar beste welen verstrekt door edlion)sedra. Deze gelden slechts aks vijbl|vende aarmwijzingen, waarhl de gebriker ar
zong woor draagt dat er gesn Inbreuk plaatsvindt op beschermende rechben van derden. ZI| ontslaan de gebrulker niet wvan de verplichiing
de door edion)jsedra geleverde producien op hun geschikiheld voor de door hen beoogde procedes en dosleinden ie controleren en de
benodigde vomzorgsmaatreqeien te reffen. Toepassing, gebrulk en verwerking van de edlionj{sedra producien vindt plaats butten oe
canirole mogellkheden van edilon)jsedra. ZI) vallen derhalve onder de verantwoordellkheld van de gebriker. Vanzeltspreliend siaat
edlon)(sedra In voor de dewgdelljkheld alsmede de kwallbelt van haar producien. Hiertl) wortt ook versezen naar de Algemens
Voonwaarden van edionjsedra.

Ala rechien voorehowden. Miets van deze publicatie mag worden geregroducesrd endof gepublceend door middel van kopleenechnileken
of elke andese vorm van duplicaren zonder schrftelljke toestemming van ediion jsedra

EDILOM Dex™Is een geragistreard handetsmesk.

| = WHIZIGINGEMN TEM OPZICHTE VAN DE VORIGE UIITGAVE, CONTROLEER TE ALLEN TIJDE OF U IN HET BEZIT BENT VAN DE

LAATETE REVISIE.

070209 rew 082001 -0B04RECER/0512 Datum witgifte: 01-03-2012
ertaling gebaseerd op het originele edilon){sedra document (EN) 070810 rew 04

4 edilon)({sedra bv

f@f Hiprarhaldaweg 23 P.O. Box 1000 T=31 0 (023 /531 9515 mallFedilonsedracom
HL-2031 CH Haarlsm HL-2003 REZ Haarlsm F +311[0)23 | 531 07 51 www_sdlionsedra.com
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- EDILON Dex-R 2K
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