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ABSTRACT: Carbon-reinforced concrete has been investigated for several years. With the help of the research project
RUBIN-ISC (regionale unternehmerische Biindnisse fiir Innovation — Industriestandard Carbonbeton) the implementation
of theory into practice succeeded by constructing a so-called master element superstructure. A corner of a two-storey
building with a sandwich panel on the bottom, a sandwich panel with suspended fagade on the top and a slab out of lattice
textile girders was constructed using grids and reinforcement bars, that are non-metallic. The manufacturing process is
described in detail for the three before mentioned elements. In addition, accompanying tests are presented. Therefore,
pull-out tests on transport anchors and reinforcement bars have been conducted. The size of the transport anchors has a
positive influence on the load-bearing capacity. Furthermore, a great embedment depth of the transport anchors leads to
higher ultimate forces, when testing. This could be confirmed by the pull-out tests in reinforcement bars. In addition, the
size of the diameter only has a small influence on the test results than the embedment length.
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1 INTRODUCTION
1.1 LIGHT WEIGHT CONSTRUCTION

The combination of steel and concrete results in an
efficient, comparatively inexpensive composite material
that can be moulded into almost any shape. Nevertheless,
reinforced concrete has considerable potential for
optimisation, especially as the reinforcing steel
predominantly used today is resource-intensive to
produce, heavy and susceptible to corrosion [1]. A
minimum concrete cover must be maintained in order to
protect steel reinforcement from corrosion in steel-
reinforced concrete [2]. The development of carbon and
glass fibre-reinforced polymer reinforcement is opening
up new possibilities for lightweight concrete structures.
Due to its inherent corrosion resistance, high tensile
strength and small weight, non-metallic reinforcement has
become a promising substitute for conventional steel bars
[3]

When for example constructing a slab with non-metallic
reinforcement a smaller height due to the higher tensile
force compared to steel reinforcement is required [4].
Representative materials for non-metallic reinforcement
are carbon and glass. The tensile force vary significantly
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depending on the fibre content, the matrices and whether
the reinforcement is in shape of a bar or a grid (ultimate
tensile force for bars as example: f carbon = 2000 MPa [5],
fuglass = 1000 MPa [6], fyx = 500 MPa [7]). Concerning
verification in ultimate limit states greater dimensions of
a carbon-reinforced element are possible compared to a
steel-reinforced element. However, serviceability limit
state can be decisive, as greater deflections are expected
when building thin. In order to avoid great deflections, a
hollow core slab combines material efficiency (due to
concrete reduction in an element) with a greater moment
of inertia.

A comparison of steel and carbon-reinforced concrete is
presented below using an example of the construction of
a sandwich panel. Concrete sandwich elements as from
Syspro-group (Syspro-Gruppe Betonbauteile e.V.)
consist of two approximately 6 cm thick steel-reinforced
concrete shells, connected by steel lattice girders, which
are filled with concrete at the construction site [8]. The
monolithic, load-bearing cross section then results from
the filler concrete and the shell facing the inside of the
room (on the left of each wall in Figure 1). The outer shell
serves as facade and weathering protection. As the
concrete cover for non-metallic reinforcement is smaller
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as there is no necessity of taking corrosion into account,
the walls can be built thinner compared to steel-reinforced
sandwich elements, visible in Figure 1.
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Figure 1: Conventional steel-reinforced (left) and carbon-
reinforced sandwich element (right, with aerogel insulation)

(8]

As part of the initiative to advance carbon-reinforced
concrete, a demonstrator (master element superstructure)
was constructed, merely with carbon reinforcement.

1.2 LIGHT WEIGHT MATERIAL

The chosen reinforcement for the master element
substructure and the transport anchor was the carbon
textile grid HTC 21/21-80 provided by Hitexbau GmbH
with the following parameters.

Table 1: Material properties of HTC 21/21-80 [9]

Properties Unit Value
Nominal diameter (warp)' mm 19.4
Nominal diameter (weft)' mm 19.6
Ultimate tensile strength? N/mm? 2976

Ultimate strain’ % 1.71
Grid opening (longitudinal mm 22

and transversal)?
Nominal cross-sectional
area’
! Determined as in section 3.2 of DAfStb-guideline for
non-metallic reinforcement [10]
2 Determined as in ISO 3341 [11]
3 see data sheet Hitexbau GmbH [9]

mm?/m 71

A glass fibre reinforced polymer was used as a bar to
connect two carbon reinforced concrete shells
horizontally, therefore called transversal reinforcement in
chapter 3.2. Bars of the type ComBAR from the company

Schock Bauteile GmbH have been studied in pull-out tests.

The properties given by the company are listed in Table 2.
Table 2: Material properties of ComBAR reinforcement [6]

Properties Unit dyo  dm

Nominal diameter mm 20 32
Ultimate tensile strength! ~ N/mm? 1000
Ultimate permanent tensile ~ N/mm? 580

strength (100 a)?
Ultimate strain’ %o 7.4
Modulus of elasticity? N/mm?  60.000
Nominal cross-sectional cm? 3.14 8.04

area’

! Characteristic short-time tensile strength regarding the
nominal cross-sectional area [6]

2 according to general type approval Z-21.8-1894 [12]

3 see product sheet [6]

As non-metallic reinforcement has an inert chemical
behaviour towards corrosion, thinner elements are
enabled due to a smaller concrete cover [10]. This implies
a careful consideration when formulating the concrete
recipe. For carbon-reinfored concrete a maximum grain
size of 8 mm is coherent with elements of 2 cm width. For
strengthening structures with carbon reinforcement a
grain size of 1 mm applies. Therefore, a mixture as in
Table 3 was created during the research project by
informbeton GmbH [13].

Table 3: Mix design of the cementitious matrix for Im’
(objective: C50/60) [13]

Component Mass in kg
Cement CEM II/A-LL 52,5 R 374
Lime stone powder Compact I1I 65
Grain size 0/2 800
Grain size 2/8 900
Water 190
Superplasticizer FM ACE 40 approx. 4

1.3 STANDARDIZING CARBON-
REINFORCED CONCRETE

Progress results from standardized processes. Research of
carbon-reinforced concrete (CRC) has been conducted
since more than two decades. Nevertheless, research
results must be transmitted successfully into practice.
Executing enterprises in the industry of CRC are few in
number and in order to allow for standardized
construction they need to be integrated when establishing
guidelines for the construction of CRC. The following
content is the result of three years work in the research
project with the name RUBIN-ISC (regionale
unternehmerische  Biindnisse  fir  Innovation —
Industriestandard Carbonbeton). An overview of the
participating companies is shown in Figure 2. Different
companies, such as non-metallic reinforcement
producers, engineering offices, service providers and
universities work together on topics as for example design
of CRC according to guidelines, tolerances, built-in parts,
post-treatment and transporting products.

Figure 2: ISC proposal partners and associated partners [14]



2 MASTER ELEMENT
SUPERSTRUCTURE

A residential building made entirely of carbon-reinforced
concrete — that this is possible has been demonstrated
successfully with the so-called master element
superstructure. It combines the expertise of several
companies of the consortium RUBIN-ISC. A corner of a
two-storey building was produced as a demonstrator. A
thermal wall, also called sandwich panel is on the ground
floor and a sandwich panel with suspended facade forms
the first-storey wall. Horizontally between the two stories,
the slab consists of the textile lattice girder (German
proper name: Netzgittertriger Netz-GT) called
Netzgittertrager. It is a 3D-reinforcement system,
featuring a net-shaped fabricated textile made of multiple
diagonally offset rovings with overlapping edge strands
and alternating reinforcing rovings [15]. The components
of the master element are presented in the following sub-
chapters.

2.1 THERMAL WALL

The wall consists of two shells of textile carbon-
reinforced concrete (4 cm thick each) and an insulation (8
cm thickness), as well as cast-in-place concrete (11 cm) is
put between. In addition, the inner shell is equipped with
a heating carbon grid element. The outer shell is 21 cm
higher than the inner shell because the slab is put on the
inner shell. The height is with 1,3 m smaller than a
standardized wall because the focus was on the feasibility
during the production process and the element serves as
demonstrator.

First shell

The carbon textile grid HTC 21-21/80 and a concrete of
the strength class C50/60 was used for the layered
construction (see Table 1 and Table 3). A layer of 2 cm
concrete was poured with an automatic concrete
distribution machine. After compacting the concrete by
vibration, the grid was put on top of the fresh concrete as
in Figure 3 and pressed gently inside it. Then, the second
concrete layer was poured on top and processed the same
way than the first layer.

Figure 3: Placing the carbon grid into the first 2 cm concrete
layer (Photo: Nazaib Ur Rehman)

Afterwards the prefabricated insulation URSA S.A. [16]
with holes for transversal reinforcement (material
properties in Table 2) was installed on the 4 cm concrete
shell and the transversal reinforcement bars were inserted,
as depicted in Figure 4. These reinforcement bars are
bevelled ensuring the quality of a fair-faced concrete and
positioned so that a reinforcement does not coincides with
a carbon grid.

Figure 4: Transversal glass reinforcement put through the
insulation inside the concrete (Photo: Nazaib Ur Rehman)

After one more vibration, the first shell is introduced into
a hardening oven (T=35 °C) for 8 to 10 hours. Before
uniting the two shells, a carbon grid is installed on top of
the insulation. A space of 2 cm is allowed by placing
linear spacers over the width. Openings are provided in
the carbon grid at the location of the transverse
reinforcement.

Second shell

Before the first layer of concrete is poured, a reserve
conduit is inserted, where the cables for the heating
carbon grid can be attached to a control element (see
Figure 5). The concreting process of the second shell then
is done in the same way as for the first shell, with the
difference that the carbon grid can conduct heat [14]. This
is possible due to the electrical conducting properties of
carbon grids [17]. In addition, no hardening takes place
before the unification.

Figure 5: Cables for heating the wall via the carbon grid are
guided to the exterior of the wall for later access (Photo:
Nazaib Ur Rehman)

Uniting the shells to one element

The first shell is lifted with the help of transport anchors
(see chapter 3.1) on to a vacuum turning unit. With the
help of this machine the first shell can be put on top of the



second shell, as shown in Figure 6. The concrete of the
top layer of the second shell is only a few minutes old and
is vibrated when unified with the first shell. The hardening
takes place under moderate temperature and humidity
conditions inside the prefabrication hall.

Figure 6: Unification of the first shell (on the top) with the
second shell (below) (Photo: Nazaib Ur Rehman)

Assembly on the construction site

In Figure 7 the thermal wall is lifted with the help of two
transversal glass reinforcements via a crane loop. In the
existing floor vertical reinforcements have been inserted
and is manoeuvred between the space of the inner shell
and the insulation.

In Figure 8 reshaped carbon reinforcement bars from
Johne & GroB3 GmbH are inserted in the edge between the
two thermal walls [18]. The joint was sealed and the slab
with the textile lattice girders was put on top. Then the
space between the inner shell and the insulation is filled
with cast-in-place concrete.

Figure 7: Lifting the
thermal wall with the help
of the transversal glass
reinforcement (Photo:
Nazaib Ur Rehman)

Figure 8: First thermal wall
of the corner installed
(Photo: Nazaib Ur Rehman)

2.2 TEXTILE LATTICE GIRDER

Creating 3D-grid by direct yarn placement
The production process starts by creating a continues
textile net-shaped non-crimp fabric made of multiple

diagonally offset carbon fibre yarns (also “roving”), using
a multiaxial warp knitting process with a further
developed yarn offset system [19]. The offset technology
was established by the institute of textile machinery and
high-performance material technology (ITM) at the TUD
Dresden University of Technology and is described in
more detail in technology [20]. In Figure 9 the carbon
fibre yarns are directed in a specific pattern to achieve
optimal anchorage length and to produce the three-
dimensional lattice girder.

Figure 9: Yarn guidance of textile lattice girder [19]

As in Figure 10 these net-shaped textiles are then
processed through a special shaping and fixation method
using polymeric resins (polyacrylate) to produce the 3D
textile lattice girder as a reinforcement element [19].

Figure 10: Transformation of 2D textile reinforcement (left)
into 3D textile lattice girder (right) (Graphics: ITM, TU
Dresden)

Creating 3D-grid by post-forming a carbon grid
Starting with a carbon textile grid, the forming process is
realized by using the Tecosit CC 1000 matrice [18].
Inserting two 10 mm place-holding bars, the grid is then
carefully deformed by turning the grid 180° around the
place-holder bars as in Figure 11. Subsequently, the bars
are removed.

Figure 11: Detail of the post-formed carbon textile grid for
creating 3D-lattice girder (Photo: Tilo Senckpiel-Peters)

Producing a slab with several textile lattice girders

When incorporating textile lattice girders into a fresh
concrete slab, it is important to ensure that the rovings are
properly covered with a concrete shield [19]. Therefore,
the webs were concreted before each girder is put on the
top flange inside the fresh concrete, as in Figure 12. Then
the bottom flange is added. For transporting the first
concrete shell transport anchors were used (see chapter
3.1) and for turning a vacuum turning unit was applied as



for the thermal wall. The aimed concrete class of the
concrete is C50/60 for the enveloping concrete, as well as
for the top and bottom plate.

Figure 12: Step-by-step quide for the construction of hollow
core slab system with lattice girders (Photos: Nazaib Ur
Rehman) (A) lattice girder surrounded with concrete (B) placing
concreted lattice girders in fresh concrete (D) casting bottom
plate

Assembly on the production site

The slab was lifted with four loops, that have been placed
around timber beams (see Figure 13). Connecting
reinforcement by Johne & Grofl GmbH was embedded
between the slab and the walls. Until the hardening
process of the in-situ concrete was finished, temporary
pillars have been placed beneath the slab.

Figure 13: Assembling the thermal wall and the slab (Photo:
Nazaib UR Rehman)

2.3 SANDWICH PANEL WITH SUSPENDED
FACADE

Comparing this wall to the thermal wall, one can note that
the insulation is not between the two shells, but outside as
in Figure 14. On to the insulation, a 2 cm thick carbon-
reinforced concrete facade is attached. The thickness of
the shells, the insulation and the in-situ concrete stay the
same. The production process of this wall is the same as
described in chapter 2.1.
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Figure 14: Composition of a sandwich panel with suspended
facade

Concerning the assembling process, the two shells have
been produced and filled with in-situ concrete.
Afterwards, the consoles for the insulation, the insulation
itself and the weathering shell was installed.

2.4 COMPLETED MASTER ELEMENT AND
REMARQUES FOR FURTHER
IMPLEMENTATION

The final corner of the master element superstructure is
shown in Figure 15.

Figure 15: Master element superstructure after production
(Photo: Nazaib Ur Rehman)

The following table provides an overview of the observed
difficulties during the construction and their
improvement.

Table 4: difficulties during the construction and improvement

Difficulty Improvement
Time-consuming: Change geometry,
fixing transport so that transport
anchor twice with anchor can stand
cable tie by itself

Inexact placing: Automating the
transverse process of placing
reinforcement the reinforcement
Time-consuming: Integrating the
spacers spacer placing in

the process of
carbon grid placing




3 ACCOMPANYING TESTS
3.1 TRANSPORT ANCHORS

A series of transport anchors is analysed throughout the
research project for optimising the necessary amount of
material to allow for successful transporting. The name
transport anchor derives from the use of transporting and
handling the concrete elements. When constructing
carbon-reinforced concrete elements, an entire non-
corrodible construction is aimed, which emphasizes the
necessity of transport anchors of non-corrosive material.
The bars used for the transport anchor are produced by
Johne & Gro3 GmbH and then reshaped [18]. After the
transporting process the transport anchors remain inside
the constructed element. For the construction of the
master element superstructure transport anchors with the
height of 15 cm have been used, whereas further transport
anchors have a height of 30 cm and vary the position of
the anchoring legs. When the anchoring feet are plane
with the upper part, the transport anchor is called 2D and
when not the transport anchor is called 3D.

Small transport anchors

Two different ages after concreting of transport anchors
have been tested. The first series was tested after 7 days
and the second series was tested after 14 days. The
concrete plates had a size of 25X25%x4 cm?® and had the
concrete class C50/60. The pull-out test was carried out
using a using a crane hook, for simulating real
transporting processes. The used transport anchor is
shown in Figure 16.

Figure 16: Small 2D transport anchor and position in a carbon-
reinforced concrete plate (Photo: Nazaib Ur Rehman)

The test was executed in the Otto-Mohr-laboratory
(OML) of the Institute of Concrete Structures in Dresden
in a testing machine with a load capacity of 250 kN. The
test was displacement-controlled with a speed of 1
mm/min.

2D large transport anchors

Two different ages have been testes here as well as for the
small transport anchors, but since the use of transport
anchors is shortly after concreting, tests after 1 day and 7
days have been conducted. The used concrete also has a
concrete class of C50/60 and the plates had a size of

56x 12x4 cm?, as shown in Figure 17. The test-setup was
different as the behaviour of the slender side was studied.
The test was carried out under the same conditions as the
small transport anchors.

Figure 17: 2D transport anchor before casting

When tested, the specimens cracked near the force
introduction. After casting the specimens have been 4,3
cm thick. As the machine flanges enabled only a distance
of 4 cm thickness, the plates have been polished in the
middle of the plates, in order to fit in between the machine
flanges. This caused a cross section reduction and might
be the reason for failing in this area, which is visible in
Figure 18.

Figure 18: 2D transport anchor after testing

3D large transport anchors

Testing after 1 day and 7 days was done for the 3D
transport anchors as well. The test-setup was analogue to
the small transport anchors but the plates had greater
dimensions of 56X56%x4 cm? (see Figure 19).
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Figure 19: 3D transport anchor before casting (green arrows
show anchoring feet fixed beneath carbon grid, orange arrows
show anchoring legs)



All concrete plates failed due to concrete cracking and not
due to rupture of the transport anchor. The wished
behaviour was a rupture of the transport anchor but the
concrete strength needs to be increased in order to achieve
a rupture of the anchor. A few transport anchors showed
signs of damage, but only one yarn was detached from the
bundle of six yarns of one bar, as shown in Figure 20.

Figure 20: 3D transport anchor after testing (left: damaged
carbon bar, right: spalling cone of concrete)

Comparison of all anchors

The maximum force of the pull-out test is higher, the later
testing takes place (increase of 22 % for the big 2D anchor
from 1 day to 7 days after casting and 87 % for 3D
anchor). When the size of the anchor is augmented, the
maximum force is reached for a 39 % higher force
comparing the small anchor 2D with the bigger 2D anchor
aged 7 days. For the 3D anchor a 9 % higher maximum
force was achieved than for the 2D transport anchor with
same height at a specimen age of 7 days. However, for the
specimens that have been tested after one day the
maximum force of the 2D anchor is 41 % higher than for
the 3D anchor. All test results are listed in Table 4.

Table 5: Pull-out test: maximum force and displacement

Type. Days Ne Fmax  Displac.
between inkN inmm
casting
and test
o 1 778  17.03
g 7 2 7.55 9.08
£ 3 7.57 8.83
= o 1 7.83 8.71
& 14 2 7.69 8.6
3 8.42 12.9
1 8.84 8.1
5 1 2 8.03 6.95
S A 3 8.58 5.85
VA 1 1136 8.49
3 7 2 10.57  7.67
3 9.15 6.57
1 6.82 5.4
a 1 2 5.4 458
5 3 5.8 4.45
§ 1 11.68  6.25
< 7 2 11.04 632
3 11.04 858

The following diagram (Figure 21) contains the
comparison of the big 2D anchors with the 3D anchors
one day after casting. It can be noted that concerning the
2D anchor (dark blue) single fibers fail, which appears as
small drops in the curve before reaching the maximum
force. The 3D anchors fail by concrete spalling on the
surface but after a big drop in the diagram, another rise
almost back to the maximum force is reached under great
displacement. The transport anchor is loaded even after
concrete spalling and allows great deformation before
kinking at a displacement greater than 15 mm.

=

force in kN
O R, N W H U1 O N 0 O O

displacement in mm

Figure 21: Force-displacement diagram for big 2D anchors
comparing 3D anchors one day after casting (pull-out test)

3.2 TESTS ON TRANSVERSAL GLASS
REINFORCEMENT

The tested material are glass fibre reinforced polymers,
here named simply glass reinforcement mm (material
properties in Table 2). For smaller diameters tests have
been carried out, but the influence of the diameter size on
the load-bearing behaviour has not been studied for 20
mm and 32. In addition, small scale tests have been
carried out, before a large element is tested in the near
future. A pull-out test and a tensile test on the pure
reinforcement was executed, as described in the following
sub-chapters.

Pull-out tests

The transversal glass reinforcement is stressed shortly
after casting, when the thermal wall is lifted inside a
prefabrication hall for example. Therefore, the test has
been carried out after one day. The later application of the
transversal glass reinforcement will be between a 4 cm
thick shell of C30/37 concrete and a shell with 5 cm
thickness and C50/60. The embedment length is of 3.5 cm
in the first case and of 4.5 cm in the second. For the last
half centimetre, the glass reinforcement is bevelled.
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Figure 22: Test-setup before starting the test

The test was executed in Otto-Mohr-laboratory (OML) in
a testing machine with a load capacity of 250 kN. The test
was displacement-controlled with a speed of 1 mm/min.
According to general type approval Z-21.8-1894 [12] a
steel ring of 4-hyom (overall connector embedment depth
in the concrete) is placed around the reinforcement, in
order to fail with a typical concrete spalling cone.

Only one out of six tests for the diameter 20 mm failed
with such a cone and two of the diameter 32 mm exhibited
the same failure mode. Instead, the plates of 40x40x4
cm® failed by cracking throughout the hole plate, as
depicted in Figure 23.

Figure 23: Cracked plates after casting using C50/60 (left: 20
mm diameter, right: 32 mm diameter with typical spalling cone)

The maximum force of the 32 mm diameter was not
significantly higher than the 20 mm diameter. The
maximum force for the C30/37 concrete was 14 % higher
for the 32 mm diameter than for the 20 mm diameter.
Concerning the C50/60 concrete, the maximum force of
the 32 diameter was 2 % higher than for the 20 mm
diameter. A greater difference can be observed comparing
the embedment length. The plates with C30/37, which are
embedded inside the concrete with 4.5 cm had a 20 %
higher ultimate force than the plates of C50/60 for the 20
mm diameter and a 34 % higher ultimate force when
taking the diameter of 32 mm into account. A summary of
the test results can be found in Table 5.

Table 6: Pull-out test: maximum force and displacement

Concr. Diamet. Ne Fmax  Displac.
in mm inkN  inmm
1 14.94 1.83
2 16.97 1.78
~ 20 3 14.63 1.33
< 4 14.07 143
9 1 18.66 1.63
3 2 17.33 1.28
3 16.27 1.56
4 17.05 1.45
1 11.79 1.06
2 13.69 1.5
- 20 3 13.39 1.07
g 4 11.77 1.28
S 1 11.23 0.83
1 2 13.01 0.91
3 15.95 1.23
4 11.42 0.81

In Figure 24 the diagram of the 32 mm diameter
embedded in C30/37 or C50/60 is displaced. When the
plate forms a concrete spalling cone around the
reinforcement the drop in the force is gradually, whereas
cracking through the whole plate implies a huge force
drop. For the reinforcement embedded in C30/37 a rise in
force after the drop is noted for all specimens.
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Figure 24: Force-displacement diagram for plates with
C30/37 and C50/60 of diameter 32 mm embedded 4,5 and 3,5
cm (pull-out test)

Tensile tests on pure reinforcement perpendicular to
fibre orientation

The tests simulate the process of lifting a sandwich panel,
when the reinforcement is laded perpendicular to its fibre
orientation. The test is planned for the diameter 20 mm
and 32 mm and includes the embedment length of the test
presented in the section here before. In addition, the point
of attachment for the crane is studied in the middle and as
in Figure 25 on the side of the later steel-reinforced plate.
This eccentricity results from the insulation that takes
space on the right size.
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Figure 25: Test-setup for tensile tests perpendicular to the
fibre orientation (dimensions in cm)

Tensile tests on reinforcement embedded in concrete
Big scale tests are planned to finally analyse the behaviour
the glass reinforcement embedded in the concrete and
loaded perpendicular to its fibre orientation. The influence
of the diameter size as well as the positioning of the
reinforcement to the edge will be studied. The element
will first be put vertically by attaching crane loops on the
long side and then lifted by attaching them on the short
side (see Figure 26). With this, the reinforcements are
loaded under different angles.

Figure 26: Big scale tests o reinforcement embedded in
concrete (lifted with the two reinforcements, that are aligned
vertically and turned with the reinforcement on top)

4 CONCLUSIONS

The importance of a combined planning and
manufacturing process, as well as a close collaboration
between the two was highlighted for the elaboration of the
demonstrator so-called master element superstructure.
The time-consuming fixation of the spacers can be
improved, when considering the manufacturing process in
the planning of geometry. Tests on transport anchors
showed, that an increase in the transport anchor size
translates to a higher load-bearing capacity. The shape of
the transport anchor (2D or 3D) has a smaller influence on
the maximum force, than the embedment length. A greater
load-bearing capacity could be stated for an increase in
embedment length for pull-out test on carbon fibre
transport anchors and reinforcement bars out of glass.

Future investigation will provide an insight regarding the
load-bearing behaviour of reinforcement loaded
perpendicular to their fibre orientation.
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