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ABSTRACT: Timber-concrete-composite (TCC) ceiling systems have enjoyed increased popularity in recent years. The 
fundamental concept involves utilizing materials based on their inherent properties: concrete to withstand the compression 
forces occurring at the top of the composite slab and timber to resist the tension forces occurring at the bottom. Of the 
many existing systems, the majority consists of a continuous concrete and timber layer with solid cross sections. In this 
paper, a newly developed TCC system focusing on the most efficient use of materials by creating a neutral, material-
saving zone between the concrete and timber layers, is presented. To transfer the occurring shear forces between timber 
and concrete, special vault shaped moulds are used as lost form work for point connections further designated as shear 
cams. The first part of the paper deals with a brief introduction of the new system as well as the preliminary design 
process. Subsequently, results of small-scale slip block tests are discussed to define the shear performance respectively 
the modulus of rigidity, which allows the experimental results to be validated for the design process. Finally, large-scale 
experiments in form of bending tests under uniformly distributed loads are shown to determine the global load-bearing 
behaviour. The results serve as a basis for further studies and for determining an appropriate design basis for this novel 
system.
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1 – INTRODUCTION

Timber-concrete-composite (TCC) ceiling systems can be 
classified into two different types, beam-shaped systems, 
and plate-shaped systems. The systems differ essentially 
in the timber cross section, while the concrete counterpart 
remains unchanged. In this paper, the focus lies on plate-
shaped systems which are characterised by rigidly 
connected solid timber and concrete slabs. For the solid 
timber component mostly cross-laminated timber, glued-
laminated timber or stacked boards are used.

Single-span girder systems as for example often used for 
prefabricated ceilings in high rise construction are 
typically exposed to bending. The resulting stresses are 
concentrated in the outer cross section and the neutral 
zone in the middle hardly contributes to the load-bearing 
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capacity and can therefore be economized if the shear 
stiffness of the interconnecting joint is maintained and the 
occurring shear forces transferred. The shear stiffness of 
the interconnecting joint has high influence at the system's 
overall load bearing and deformation performance and 
can be characterized by the modulus of rigidity, the 
correlating shear force to relative displacement. The shear 
stiffness is a significant factor in understanding the load-
bearing behaviour of a material and can be investigated 
and quantified through the use of shear tests.

In order to determine the new systems modulus of rigidity, 
several analytical and experimental tests were carried out.
The different steps within the research process are 
illustrated in Figure 1. In a first step, the ceiling system 
was predimensioned using the Gamma Method to 
determine the panel thicknesses of both cross sections and 
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the intermediate layer of air. Small-scale tests in form of 
slip-block tests were subsequently carried out to verify the 
modulus of rigidity of the shear connection. In a next step, 
full-scale test specimens were manufactured to examine 
deflections of the global behaviour as well as the shear 
transfer behaviour of the shear cams. Using these results,
a new framework model was created, and the input values
(modulus of rigidity Kser) were iteratively adjusted to 
meet the same results as the experimental full-scale tests 
delivered. [1], [2], [3]

Figure 1: Design and testing process

2 – BACKGROUND / SCOPE

Timber-concrete composite ceilings can basically be 
divided into two categories: beam-shaped systems and 
plate-shaped systems, whereby differences can only be 
seen in the timber cross-section. In the following the 
focus will be on plate-shaped respectively the new TCC 
system and the key factors that influence the structural 
performance of form-locked connections.

2.1 NOTCHED CONNECTIONS

TCC systems with notched connections are a widely used 
method for enhancing the load-bearing behaviour of 
hybrid ceiling structures. The notched connection 
technique facilitates efficient composite action by 
ensuring an effective transfer of shear forces between the 
timber and concrete layers. This approach uses a 
mechanical interlock, which prevents slipping between 
the materials to enhance a compound effect. 

Form-locked connections, such as notches, are mainly 
used for prefabricated elements for new buildings. The 
notches are usually milled with a computer numerical 
control (CNC) joinery machine perpendicular to the 
direction of the ceiling span. In these systems, notches 
are milled into the timber layer, perpendicular to the span, 
creating space that is filled with concrete during casting. 
Once the concrete hardens, it provides a strong 

connection between the timber and concrete. This 
mechanical interlock is essential for transferring shear 
forces between the two layers, ensuring that the materials 
work together to resist applied loads.

Several key factors influence the effectiveness of notched 
connections, and careful consideration is required during 
both design and construction:

Notch Geometry: The size, shape, and spacing of the 
notches are critical to the performance of the TCC 
system. Larger notches increase the shear capacity but 
reduce the effective timber cross-section, potentially 
weakening the structure. Unintended geometric 
imperfections, such as deviations in timber milling can 
significantly compromise the connection. The design 
must balance shear transfer efficiency with the 
preservation of timber and concrete strength.[4]

Timber and Concrete Quality: The quality of the 
timber and concrete used in TCC systems directly affects 
the performance of the notched connections. High-
quality, defect-free timber ensures that notches can be 
accurately cut and will withstand the applied forces 
without premature failure. Similarly, the concrete must 
possess sufficient compressive strength and durability to 
ensure the long-term effectiveness of the connection. [5]

2.2 NEW TIMBER-CONCRETE-COMPOSITE 
SYSTEM 

Standard ceiling systems are loaded by self-weight and 
live loads both representing equal distributed loads. The 
structure is therefore mainly subjected to bending with 
the stress concentrations occurring in the outer parts of 
the cross section. The centre part of the composite cross 
section around the neutral zone hardly contributes to the 
load bearing and deformation behaviour. Consequently, 
material in this part of the systems can be saved if the 
shear stiffness of the slab can be ensured. The 
construction method is characterised by its efficiency in 
utilising resources, leading to a reduction in material 
costs due to a decrease in material consumption. 
Additionally, the method results in a decrease in transport 
costs per square metre of slab due to the reduction in self-
weight. The focus of the newly introduced system, first 
presented in Patent: A50829/2018, 28.09.2018 [6], 
addresses this topic while presenting a slab design that 
meets structural and serviceability requirements. While 
regulatory standards and European Technical 
Assessments (ETA) exist for force-locked connections, 
standards for discontinuous systems are missing.
Recommendations are found in research, with e.g. 

A
•Gamma-Method (predimensioning)

B
•Small-Scale Slip-Block tests (modulus of rigidity)

C
•Full-Scale bending tests (deflection&displacement)

D
•Framework Model (result verification)
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Michelfelder [7] numerically investigating composite 
timber systems and presenting various notch designs. 
Substantial research creating a basis for future standards 
for notch fasteners is summarised in “Technical 
Specifications” [8]. This document contains 
recommendations as a basis for an implementation in the 
next version of Eurocode 1995-1-1.

Figure (1) illustrates the difference between a 
conventional TCC ceiling system (left) featuring 

continuous notches milled out perpendicular to the span, 
and the newly developed TCC system with equidistantly 
milled square pockets (right). The form-fitting 
connection is created by inserting moulded parts that act 
as permanent formwork in the square recesses in the 
wooden panel, creating a concrete cam once the concrete 
is cast and cured. This concept allows for a reduction in 
both timber as well as concrete mass without any loss in 
load-bearing behaviour. [1], [2]

Figure 2: Schematic representation of bending stress - conventional system with notches perpendicular to span (left) and new TCC system with shear 

cams arranged in a square grid (right) [2]

3 – PRELIMINARY DESIGN PROCESS

To evaluate the structural performance of the presented 
TCC ceiling system, preliminary calculations were 
performed using the Gamma-Method [3], specified in 
Eurocode 1995-1-1. [9], [10] Given the arrangement of 
the shear cams in the TCC ceiling system in a square grid, 
the Gamma-Method, which assumes a continuous bond 
between the two layers, was considered sufficient for an 
initial rough preliminary assessment. Subsequently, the 
results were verified by using a framework model [11],
better suited for discontinuous systems in which the 
cross-sections and the interconnecting joint are defined 
as bars with certain material and stiffness properties to
calculate internal forces.

The influence of the thickness of the concrete layer, the 
air space as well as the timber layer on the load-bearing 
behaviour was investigated within a parameter study. 
Different spans as well various payloads were 
considered. Throughout the parameter study the 
thicknesses of the timber and concrete layers, defined as 
minimum dimensions due to constructive as well as 
production-specific reasons, remained constant with 
120 mm and 70 mm, respectively. A comparison of the 
new ceiling system with conventional TCC systems (with 
nochtes) currently available on the market shows 
potential material savings of 25 – 55 % for timber and 
20 – 75 % for concrete elements, respectively, for spans 
of 5 m to 9 m. [2], [10]

4 – EXPERIMENTAL INVESTIGATION

A key topic of TCC systems is the stiffness and ultimate 
load bearing behaviour of the interconnecting joint, 
which has a considerable influence on the load bearing
and deformation behaviour of the entire ceiling. An 
important parameter for describing the shear stiffness 
between the two cross sections is the modulus of rigidity 
Kser, which describes the relationship between applied 
shear force and the relative displacement in the 
connection joint. Two different limit states can be found 
in literature, a completely rigid connection between both 
cross sections and a composite system without any 
connection. [1], [3]

The experimental investigations were divided in two 
categories: small-scale and large-scale tests. The small-
scale tests consisted of individual specimens of the shear 
connectors to assess the shear stiffness and maximum 
load through slip-block tests. Within the second, ceiling 
elements with six different designs yet all with a span 
length of 3.85 m were produced and tested in bending 
under uniformly distributed load via five equally 
arranged hydraulic presses. The collected data include 
support forces, vertical deformations, and horizontal 
displacements of the shear connections between timber 
and concrete. [12]

4.1 SMALL-SCALE TESTS

To gain a better understanding of the mechanical load 
transfer of the shear cams, individual notches were 
investigated during shear tests. These tests assumed that 
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only shear loads were applied, with minimal influence 
from bending moments. The effects of bending were 
deemed insignificant when considering the overall 
system, as only minimal bending occurs at individual 
notches within the ceiling element. However, excessive 
bending would be detrimental, as it would significantly 
reduce the load-bearing capacity by altering the failure 
mechanism. Given the lack of standardized regulations 
for such connections, a custom test setup was developed 
and employed.

In this setup, as illustrated in Figure 3, a total amount of 
four specimen (SB2, SB3, SB4 and SB5) were positioned 
between two steel angles designed to prevent any 
rotational movement. Additionally, on the concrete side, 
a double layer of teflon coated with lubricant was applied 
to simulate a slide bearing. The testing method 
corresponds a slip-block configuration, allowing only 
vertical displacements.

For the specimen, a single flat head screw (SPAX-Flat 
Head Screw 10x160) was used to secure the notch, 
corresponding to configuration A1 of the full-scale tests. 
The specimens were cured for a minimum of 28 days to 
achieve the characteristic concrete strengths according to 
ÖNORM B 4710-1 [13]. Concrete compressive strength 
(cube/cylinder) was determined in accordance with 
ÖNORM EN 12390-3:2019. [12], [14] In table 1 the used 
materials including their specification are listed.

Table 1: Used materials – specifications [12]

material specification

timber screw flat-head-screw (SPAX) 
10x160mm

concrete / steel 
reinforcement

C25/30, 70mm thick, AQ60 M550 
N/mm² (reinforcement mesh)

timber CLT, 3-layer á 40mm, 120mm 
thick, C24

framework cement-bonded flakeboard, rigid 
polyurethane foam (PU)

The test programme, based on ÖNORM EN 26891 [15],
which contains general principles for determining the 
strength and deformation behaviour of connections with 
mechanical fasteners, was simplified by eliminating the 
first load cycle. A loading rate of 0.002 mm/min was 
selected for the tests. The vertical displacement at the top 

edge of the specimen and on the center (V1) on the shear 
notch, was measured. Additionally, the horizontal 
relative displacements (H1, H2) between the timber and 
concrete were monitored on the upper and the lower part 
of the specimen, to detect any unintended rotation of the 
specimen.

Figure 3: Test specimen/setup slip-block test [12]

4.2 FULL-SCALE-TESTS

Based on the preliminary parameter study a number of 
prototypes of the newly developed TCC ceiling in 
different configuration was produced and tested on a 
large scale for a better understanding of the load-bearing 
behaviour. A total of five different ceiling elements with 
a length of 3.85 m and a width of 0.77 m with different 
cross-sectional designs were compared. The aim was to 
investigate the stiffness of the shear cams, the thickness 
of the air space and the number of screws within the cam. 
In Figure 4 all cross-sections and setups are shown. Type 
(A1), (A3) represent the new developed ceiling system 
with an air space of 50 mm and 80 mm plus a second 
ceiling element (C) with 50 mm distance with four 
instead of one flat head screw in the cam. Type (A2) 
represents a system with shear cams without air space 
between the timber and concrete layer and type (B) a 
system where continuous notches are used instead of 
cams with an air space of 50 mm.
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Figure 4: Test specimen (A1, A2, A3, B and C) – full-scale testing  [12]

The ceiling elements with a span of 3.85 m were evenly 
loaded with five hydraulic cylinders at a distance of 0.6 m
between each other (Figure 5). A one circuit hydraulic 
system was used to ensure that all jacks apply the same 
load. The load was transferred to the ceiling elements via 
I-beams with welded steel cylinders as bearings. Due to
the existing infrastructure, the TCC ceiling systems were
rotated 180° for the load to be applied from below.
Tension load cells were used to measure the applied
loads. The distribution of the forces over five load
application points ensured that the moment curve
corresponded approximately to an equally distributed
load. The tests were carried out using a manually
controlled electric hydraulic pump. The load was
increased in steps of 10 kN during the test sequence and
held for a period of 120 seconds to document cracks and
deformations. The deflections of the ceiling elements
were measured at the load application points (uz1 - uz5) by
use of linear variable displacement transducers (LVDTs).
Additional LVDTs were used to monitor the horizontal
displacements (ux1 - ux10) of the shear cams between
timber and concrete.

Figure 5: Experimental setup full-scale tests, dimensions in [m]

5 – RESULTS

The following chapter describes the results of the small-
scale tests and full-scale tests.

5.1 SMALL-SCALE RESULTS

All four test specimens (SB2, SB3, SB4 and SB5) were 
tested to failure. The shear notch in each specimen 
experienced consistent vertical loading, resulting in 
minimal differences in the load-displacement curves 
across the two vertical measuring points. Therefore, 
subsequent analysis of the vertical displacements was 
based on the average of these two points. The maximum 
horizontal displacement from the start of loading until 
connection failure was recorded as 2 mm for specimens 
SB3, SB4, SB5 while SB2 showed a maximum 
horizontal displacement of 3.5 mm.

The load-displacement curves averaged for all specimens 
are shown in Figure 6. Moreover, the load-displacement 
curve of the framework model performed with the 
software RSTAB is presented for the purpose of 
comparison. The concrete element and the timber 
element were modelled as beam bars, with the 
corresponding geometric and material-specific 
parameters. Continuous, weightless truss members were 
equidistantly inserted between the beam members and 
two rigid beam members were inserted at each point of 
the cam connection. The two rigid beam bars were 
connected with a shear force joint and provided with the 
corresponding spring stiffness. Specimens SB3, SB4 and 
SB5 displayed similar load-displacement behaviour, 
whereas SB2 exhibited a more linear-elastic response, 
with very little noticeable relaxation effects prior failure. 
Due to the rotation during the loading of test specimen 
SB2, the further analysis focussed on test specimens SB3, 
SB4 and SB5.

3908https://doi.org/10.52202/080513-0477



Figure 6: Load-displacement diagram of the small-scale tests - average values of vertical displacement u of shear cams in mm [12]

Up to a vertical displacement of 0.4 mm, these specimens 
demonstrated a characteristic non-linear deformation 
curve of concrete under shear load, followed by 
relaxation effects occurring between 0.4 mm and 0.7 mm 
vertical displacement. Horizontal relaxation was also 
observed during the same load level, suggesting potential 
settling of the specimen. After this relaxation phase, 
plastic deformations became evident as the load 
increased. The load-displacement curves can be divided 
into three main phases: the first phase represents the 
concrete’s load-bearing capacity until the notch is 
cracking; the second phase involves activation of the 
screw, characterized by increasing vertical displacements 
and decreasing load; the final phase shows the residual 
load-bearing capacity of the screws, with a rising curve 
indicating plastic deformations. Overall, the connection 
exhibited a ductile failure mode.

To investigate the failure pattern of the notches in greater 
detail, the specimens were disassembled in the notch 
area. In all cases, the notch failed with a diagonal crack 
extending from the junction between the concrete slab 
and the notch to the junction between the notch and the 
timber element, indicating a combination of shear failure 
and slight bending failure. No significant damage or 
deformations were observed in the concrete or timber 
slabs.

Table 2 summarizes the results of the small-scale testing 
series. The estimated maximum load for these tests was 
set at 50 kN, according to Holzhaider. [2] The peak loads 
(Fmax) represent the highest value in the load-
displacement curve during the residual load-bearing 
phase of the screws. The table also includes average 

values, standard deviations, and coefficients of variation 
for maximum loads and calculated modulus of rigidity 
normalized to 1 m of notch width (testing notch 
width = 100mm). The modulus of rigidity was calculated 
in accordance with ÖNORM EN 26891, using the 
equations based on 10 % to 40 % of the estimated 
maximum load. [15] The modulus of rigidity for 
specimens SB2, SB3, SB4 and SB5 were used to obtain 
a representative stiffness value for the notch connection.

Table 2: Results small-scale testing [12]

v0.1
[mm]

v0,4
[mm]

Fmax
[kN]

Kser
[kN/mm]

Kser/m
[kN/mm/m]

SB2 0.02 0.09 52.06 216.20 2161.98
SB3 0.04 0.18 46.33 105.27 1052.67
SB4 0.03 0.24 60.63 69.61 696.06
SB5 0.03 0.15 50.83 120.12 1201.20

average 52.60 98.33 983.31
standard deviation 7.31 25.96 259.61

variation coefficient 14% 26% 26%

As the modulus of rigidity was normalized to a notch 
width of 1 m, for comparing the stiffness of the notch 
connections with other connection types from the 
literature, involving concrete shear notches and similar 
timber-concrete composite connections. The average 
modulus of rigidity (without test outlier SB2) from these 
experiments was consistent with results reported by 
Schnell (Kser ~ 835 kN/mm/m), who also investigated 
rectangular notches as shear connectors using the slip-
block method. It is important to note that the curing time 
of test specimen SB2 was significantly longer than of the 
other test specimens. Similarly, Schnell observed failure 
in the concrete notches, despite concrete exhibiting a 
higher compressive strength. [16]
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In comparison, the modulus of rigidity of screws depends 
on the embedment depth and the arrangement of the 
screws. According to the European Technical 
Assessment (ETA) of various manufacturers, the 
modulus of rigidity is in the range of 5000 N/mm –
30000 N/mm per pair of screws. [2]

5.2 FULL-SCALE RESULTS

The results in form of force-displacement diagrams are 
presented in Figure 7. As expected, system B with the 
continuous notches shows the stiffest behaviour when 
compared to the other systems. The experimental results 
illustrates that the maximum deflection in the centre of 
system B is 42 mm at a load level of 255 kN. In contrast, 
system A1 shows a maximum deflection of 62 mm by 
170 kN, A2 (188 kN) and A3 (161 kN) a deflection of 
55 mm and system C 50 mm by 204 kN. System A2 
shows a very stiff behaviour at the beginning yet reaches 
a load limit at around 180 kN with a subsequent force 
plateau with increasing displacement from 27 mm to 
55 mm without significant load increase. Compared to 
System A2, System C shows a lower stiffness a higher 
bearing load due to the missing yielding plateau. This can 
be attributed to the increased number of flat head screws 
in System C. Systems A1 and A3 have the lowest 
stiffness of the five systems, whereby it can be observed 
that the stiffness tends to decrease with increasing 
distance between the two plates. 

The displacement results of the outermost cams in figure 
8 confirm that system B is the stiffest variant of all five 
systems observed and shows a maximum displacement in 
a range up to 1.0 mm. In contrast, system A1 shows 
displacements in the last cams between 7.0 mm and 
8.0 mm, which is a significant increase of displacement 
and means a reduction of shear stiffness. This is closely 
followed by system A3 between 6.5 mm and 7.0 mm and 
system C between 5.5 mm and 6.0 mm. The results show 
that there has been an increase of cam displacement in the 
outer cams by increasing the distance between the two 
plates because of the higher occurring bending moment
in the shear cam. It is also observed that system C with 
four flat head screws shows a slightly lower cam 
displacement compared to system A1 proving that a 
higher number of screws increases the stiffness of the 
cams.

Figure 8 shows the shift between the concrete and the 
timber layer at the outer edge of the slab. It can also be 
seen here, thus confirming the results of the load-
displacement diagram, that the displacements u of the 
outermost cams correlate with the load-displacement 

diagram (displacement w) presented in Figure 7. This 
means that system B shows almost no displacement of 
the outer cams, while system A3 shows the largest 
displacements of the shear cams. [12]

Figure 7: Load-displacement diagram – displacement w at center 

span [12]

Figure 8: Load-displacement diagram – displacement u in the outer 

shear cam [12]

5.3 COMPARISON OF SMALL-SCALE AND 
FULL-SCALE RESULTS

To facilitate a comparison between the outcomes of 
small-scale tests and full-scale experiments, and to 
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clarify the influence of the connector configuration, a 
detailed structural model of the ceiling element was 
developed using a framework model [11]. This analysis 
conformed to the recommendations outlined in Eurocode 
5 and was implemented using the RSTAB software 
package by Dlubal. Calibration of the model was 
achieved through iterative adjustments of the shear 
stiffness of the connectors across successive load steps, 
ensuring alignment of the predicted shear-cam deflection 
and mid-span deflection with the experimental results.

The calibrated model provided insights into the 
progressive degradation of shear stiffness in the 
connectors under increasing load. Figure 9 shows that the 
modulus of rigidity decreases significantly with 
increasing load and, hence increasing deformation.
Additionally, the model enabled the extraction of detailed 
force acting on the connectors, as well as the resulting 
relative displacements between the timber and concrete 
components induced by shear stresses. Configuration A1
and C served as a representative case for this analysis.

However, a comparative evaluation of the calibrated 
stiffness values with data obtained from slip block tests 
revealed significant discrepancies. Specifically, the 
deformation behaviour observed in the slip block tests 
exhibited greater magnitudes, indicative of lower shear 
stiffness. These deviations were attributed to limitations 
in the slip block test setup, which was not fully rigid and 
allowed for rotations of up to 2 mm. Such rotational 
movements, absent in the actual structural system, 
introduced additional moment effects that influenced the 
observed behaviour.

It is important to note that the material model used in 
RSTAB does not take into account the non-linear 
behaviour of concrete, in particular its cracking 
behaviour. This raises the question of whether the 
comparison between the numerical model and 
experimental slip block tests is fully justified. In addition, 
the suitability of RSTAB to capture the complex shear 
stiffness, especially in configurations with thick air layers 
and shear cams, should be critically discussed. A possible 
approach to achieve a more accurate representation of the 
behaviour is the discrete modelling of the specimen using 
non-linear material models. For further investigation, 
modelling with ATENA 3D or Abaqus could be a viable 
option to better capture the material nonlinearity and 
local stress distributions in the interface.

Despite these differences in deformation characteristics, 
the maximum failure load demonstrated strong 
agreement across both the slip block tests and the 

calibrated framework model. These findings emphasize 
the critical importance of accounting for experimental 
setup constraints when interpreting test results and 
highlight the value of numerical modelling in capturing 
the load bearing behaviour of connector configurations 
under realistic structural conditions.

Figure 9: Modulus of rigidity Kser under different load levels A1 and C
[12]

6 – CONCLUSIONS AND 
RECOMMENDATIONS

The present study contributes to a better understanding of 
a newly developed timber-concrete-composite (TCC)
ceiling system with significant resource saving potential 
due to creating an air space between the timber and 
concrete cross section.

6.1 CONCLUSION

The Gamma-Method was employed to pre-determine the 
dimensions of both the air layer and the plate thicknesses 
of both cross-sections (timber and concrete). The 
manufacturing of the timber-concrete composite system
and subsequent testing in full-scale trials yielded insights 
into the global load-bearing behaviour, indicating that the 
system displays resilience and functions statically.
Therefore, it can be confirmed that the overall stiffness 
of the new system decreases with the introduction of an 
intermediate layer and an increase in spacing. The results 
of the small-scale tests, in form of slip-block tests, 
provided valuable insights of the local load-bearing and 
failure behaviour of the shear cams. Hereby it was 
observed that squared concrete cams with a higher 
amount of screw fasteners increase the stiffness of the 
shear cams. 

The results also revealed that the experimental setup of 
the small-scale tests is not yet fully refined to accurately 

R² = 0,9547R² = 0,993

0

50

100

150

200

250

25 50 75 100 125 150 175 200

lo
ad

 F
 [k

N]

modulus of rigidity Kser [kN/mm]
C A1

3911 https://doi.org/10.52202/080513-0477



represent the precise load-bearing behaviour. A slight 
tilting was observed during testing, which indicates that 
the setup lacks sufficient stiffness. This tilting introduces 
additional moment loading on the cams, leading to higher 
relative displacements being recorded. Nevertheless, 
similar maximum loads and initial stiffnesses were 
achieved, which supports the reliability of the findings.

The results indicate that a non-linear increase in relative 
displacements occurs over the course of the experiment 
due to the stiffness reduction of the concrete shear cams. 
The experimental tests provided information about the 
failure mechanism and can essentially be divided into 
three sub-areas. The first phase is characterised by the 
capacity of the concrete until shear cracking occurs, the 
second phase, which is subsequently influenced by 
relaxation effects in which the vertical deformations 
occur as the load decreases due to screw pulling out 
effects and the third phase through plastic deformations 
of the residual capacity of the screws. Summarized a 
ductile desirable behaviour of the new system can be 
confirmed and the small-scale test results agree with 
investigations of the literature. Furthermore,
deformations of the outermost cams correlate with the 
global load-bearing behaviour of the novel system.

Additionally, the slip-block tests aimed to determine the 
modulus of rigidity Kser. The results presented 
demonstrate that the modulus of rigidity is in accordance 
with the values provided by Schnell [14] as cited in the 
literature.

6.2 RECOMMENDATION

TCC systems with notched connections offer a robust and 
efficient method for shear transfer, combining the 
strengths of both timber and concrete. When designed 
and executed correctly, notched connections can 
significantly enhance the overall performance and 
durability of hybrid structural systems. In comparison to 
notched connections, dowel type fastener connections as
screws have a desirable bilinear material behaviour, but 
a significantly lower shear stiffness capacity. In contrast, 
bonded connections demonstrate a high degree of 
rigidity, with no indication of failure. [17] However, 
attention to detail in design, material quality, and 
construction practices is essential for achieving optimal 
results. The paper presents a first interpretation of the 
experimental results and more detailed analysis is 
needed. Apart from that to improve the understanding of 
the load-bearing behaviour, further experimental 
investigations must be carried out in the future, focusing 
on the load bearing behaviour of the cams as shear and 

bending are combined. In addition, efforts in the areas of 
creep and shrinkage behaviour are required to bring this 
new ceiling system to market. Due to the non-linear 
material behaviour, it is also recommended to carry out 
numerical studies using the non-linear finite element 
method (NLFEM). Moreover, it would be prudent to 
consider a discrete modelling approach for the 
connection of components such as screws, shear cam,
wood, and concrete.
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