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1 Introduction

1.1 Background and motivation

Adhesive connections for timber-concrete composites (TCC) are of increasing popularity.

Recent examples include, amongst others, studies by Tannert et al. (2020), Frohnmüller

et al. (2021), Kästner & Rautenstrauch (2021), Grönquist et al. (2022), Arendt et al.

(2022), Frohnmüller et al. (2023), and Śliwa-Wieczorek et al. (2023), where different

possible execution types of adhesive bonding processes have successfully been applied.

With this ongoing trend of intensive development in timber engineering research as

well as in adhesive technology, the relevance and use in practice of adhesively bonded

timber-concrete composite constructions (ATCC) is believed to substantially increase in

the near future.

Up to the year 2021, no specific design guidelines were available for TCC elements in

general. Mainly, annex B of EN 1995-1-1 (2004) provided the γ-method for the stress

calculation of beams that are joined with mechanical fasteners characterized by a certain

slip modulus K. The timber section could then be designed according to EN 1995-1-1

(2004), and the concrete section according to EN 1992-1-1 (2004). Out of necessity to

address TCC-specific design aspects, e.g. long-term effects, a technical specification,

CEN/TS 19103 (2021), was made available in 2021, based on a state of the art report

by A. Dias et al. (2018). However, the technical specification is limited to the current

practice-relevant connection methods for TCC, i.e. different metallic fastener and notch

types. It is yet unclear how the adhesively bonded connection type shall be considered,

as it is excluded from CEN/TS 19103 (2021).

Regardless of whether flat or ribbed ATTC slabs are to be designed, there are different

options regarding the adhesive with respect to (1) process (wet or dry), (2) bondline

arrangement (a continuous or multiple discontinuous bondlines), or (3) type of adhesive

(rigid or flexible). Table 1 provides an overview. These different execution types inherently

result in different bondline and composite properties that shall be taken into account in



the design procedure. However, no consensus on specific suggestions or rules, respecting

the different execution types, yet exist.

Table 1. Overview of different possible ATCC execution types and recent literature examples from years
2020-2023.

Execution type Definition Recent examples
Dry process Prefabricated concrete ele-

ment bonded to timber
Frohnmüller et al., 2021; Fu
et al., 2022; Frohnmüller et
al., 2023

Wet process (Wet) In-situ concrete
poured on (wet) adhesive
applied on timber surface

Tannert et al., 2020; Grön-
quist et al., 2022; Füchslin
et al., 2023; Arendt et al.,
2022; Bajzecerová et al.,
2022

Continuous bondline Adhesive applied to cover
the whole available in-
terfacial area between
timber and concrete

Tannert et al., 2020; Grön-
quist et al., 2022; Arendt et
al., 2022; Bajzecerová et al.,
2022; Fu et al., 2022

Discontinuous bondlines Adhesive applied locally, to
partly cover the available in-
terfacial area, e.g. as strips
longitudinal or perpendicu-
lar to the span direction

Frohnmüller et al. (2021,
2023)

Rigid adhesive / rigid in-
terlayer

High elastic modulus adhe-
sives, e.g. epoxy-based ad-
hesives with Eadh ≈ 2 – 7
GPa

Tannert et al. (2020),
Arendt et al. (2022),
Grönquist et al. (2022),
Frohnmüller et al. (2021),
Bajzecerová et al. (2022),
Fu et al. (2022), and
Frohnmüller et al. (2023)

Flexible adhesive / flexible
interlayer

Low elastic modulus adhe-
sives, e.g. polyurethane-
based adhesives with
Eadh ≈ 0.01 – 1 GPa

Hackspiel (2020), Fu

et al. (2022), and Śliwa-
Wieczorek et al. (2023)

1.2 Objectives and scope

This paper shall present some preliminary design consideration for ATCC elements.

Hereby, the focus will be laid on bondline connection properties and how they may

be influenced by the execution type (Section 2), and on possible ULS and SLS design

(Section 3). The presented insight shall be based on current available literature and

experience, as well as on exemplary parametric studies. The objective of this study is

to lead to a discussion about ATCC-specific design aspects that could be worked-out in

the future, and with which CEN/TS 19103 (2021) could potentially be extended. In this

paper, a general knowledge from the reader on the design of TCC elements according

to CEN/TS 19103 (2021) is presupposed. The study focuses on and is limited to the

possibilities of simplified design methods (i.e. using the γ-method), and excludes more

complex analysis possibilities (e.g. a Finite Element based investigation and design, such

as suggested in Töpler et al. (2023)).



2 Adhesive bondline connection properties

2.1 Determination of bondline strength

Bondline strength can typically be determined using multiple testing procedures. Ex-

amples include e.g. direct shear tests (block-shear or pushout tests), or bending tests

where the bondline is calibrated to fail. In both cases, differently sized specimens (scales)

are possible, and every testing procedure possesses specific advantages and disadvan-

tages. In general, it has to be considered that experimentally tested adhesive bondline

shear strengths will be dependent on specimen size, on the time at which the test is

conducted with respect to the hardening state of the concrete (shrinkage and creep

influences on stress state at bondline), as well as on the testing conditions (e.g. time to

failure, climatic conditions). These influences challenge the standardization of possible

testing procedures for ATCC bondlines. As an example, for a wet process execution

type and tests conducted 28 days after casting of the concrete, symmetric double-shear

pushout tests in Füchslin et al. (2023) show strongly size-dependent results. The results

were yet different when the same adhesive and bondline configuration is tested on

full-scale bending specimens (Grönquist et al. (2022)). The latter testing method is the

most intensive in terms of preparation and cost, but a-priori the only one to truly reflect

realistic execution conditions and bondline sizes (e.g. surface area and thickness) for

reliable parameter determination for ultimate limit state (ULS) design. Therefore, until

further investigations and insight on possibly less conservative methods (e.g. using

size factors) are available for each possible execution type in particular, it can be rec-

ommended that the shear strength of ATCC adhesive bondlines be determined with

full-scale bending tests. Hereby, characteristic values can be derived according to EN

14358 (2016).

2.2 Determination of bondline stiffness

2.2.1 Rigid bondlines

Typically, for the ULS and serviceability limit state (SLS) design of adhesively bonded

composite elements, basic mechanic principles, i.e. Steiner’s theorem, can be used. In

fact, most adhesive bondlines can be considered as rigid bonds. If the γ-method of annex

B of EN 1995-1-1 (2004) would be used for ATCC elements, this would correspond to a

value of γ = 1. Therefore, the need to determine and use a slip modulus or connection

stiffness Kser
1 for adhesive bondlines can be relativized. For metallic fasteners and

notches, annex C of CEN/TS 19103 (2021) provides a testing procedure in the form of

pushout tests in order to determine Kser, and therewith, depending on the connector

design and arrangement, the composite factor γ can be calculated. For ATCC, results of

such pushout tests are provided e.g. in Füchslin et al. (2023) or in Tannert et al. (2020),

1Note: For connection systems with a high stiffness and a distinct linear elastic phase, e.g. notches, glued-in
shear connectors, or adhesive bondlines, K = Kser = Ku can be used (see A. M. P. G. Dias (2005) and Müller
(2020)), and will herein be referred to as Kser.



where values for Kser have been derived using symmetric double-shear pushout tests.

These studies could in fact report, on average, high values for Kser (> 1′000 kN/mm),

such that for most practical cases γ ≈ 1. However, in general, it can be suggested that a

bondline slip modulus Kser,adh [kN/mm] is experimentally determined and used in design

as follows:

Kser,adh = K′
ser,adh · badh · Ladh, (1)

where K′
ser,adh [kN/(mm·mm’·mm”)] is an experimentally determined bondline slip mod-

ulus normalized by the width [mm’] and length [mm”] of the bondline of the tested

specimens, and badh [mm] is the width and Ladh [mm] is the length of the adhesive

bondline in the current design situation. The resulting composite factor γ, when taking

the timber section as reference (subscript t for timber, c for concrete), will then be:

γ =

1 +
π2EcAcseff
L2refKser,adh


–1

, (2)

where Ec is the elastic modulus of concrete, Ac is the cross-sectional area of concrete,

seff is an effective distance of connections (bondlines), and Lref is the span. In case of a

continuous bondline over the whole length of the ATCC element, seff = 1 [mm]. In the

case of discontinuous bondlines over the length, it is recommended to calculate seff e.g.

as suggested in the case of micro-notches inMüller (2020), or as inMichelfelder (2006).

In the case of discontinuous bondlines over the width, badh can be considered according

to Eq. 1.
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Figure 1. γ-values as a function of different values for Kser,adh and in dependence of distances seff
in order to consider discontinuous bondlines. The example situation considers the timber section as
reference, a span of L = 5m, a concrete cross-section strip of h x b = 80 mm x 320 mm, and a concrete
of class C30/37). See Fig. A.1 for a translation from γ to EIef /EIγ=1.



With the exemplary parametric study presented in Fig. 1, it can be seen that even for

rigid adhesives, i.e. where Kser,adh > 1′000 kN/mm, lower composite factors2 result with

discontinuous bondlines, in dependence of seff . Hereby, the influence of seff increases

with decreasing Kser,adh. However, it can be seen that for most cases where seff = 1

[mm], i.e. for continuous bondlines, the composite factor is effectively γ ≈ 1, except for

very low values of Kser,adh < 10 kN/mm. Accordingly, it can be said that in case of rigid

adhesives and continuous bondlines, the determination of Kser,adh appears obsolete.

However, this is not the case if the bondline is discontinuous, as here, a large influence

of Kser,adh can be observed, and generally, γ < 1.

2.2.2 Flexible bondlines

In case the bondline or interlayer is to be considered flexible, i.e. if (1) it follows the

definition from Table 1, or (2) it possesses a higher E-modulus but the adhesive bondline

or interlayer is to be considered thick, the composite factor can presumably, and as an

alternative to Eq. 2, be calculated in analogy to cross-laminated timber (transverse layers

with rolling shear moduli) as follows:

γ =

1 +
π2Echchadh
L2refGadh


–1

, (3)

where Gadh [N/mm2] is the shear modulus of the adhesive, hadh is the thickness of the

adhesive layer, and hc is the height of the concrete. For isotropic adhesives, Gadh may

be calculated as follows:

Gadh =
Eadh

2(1 + νadh)
, (4)

where Eadh and νadh are the elastic modulus and the Poisson ratio of the adhesive.

Furthermore, from Eq. 2, Eq. 3, and Eq. 4 it follows that:

Kser,adh =
Gadhbadhseff

hadh
=

Eadhbadhseff

2(1 + νadh)hadh
. (5)

In Fig. 2, an exemplary parametric study is shown where Kser,adh and γ are investigated

in dependence of the adhesive elastic modulus Eadh, and for different interlayer heights

or adhesive thicknesses hadh. It can be seen that the parameters Eadh and hadh have a

large influence on Kser,adh and γ. The latter is strongly affected in particular for adhesives

where Eadh < 10 GPa, i.e. for most polyurethanes and epoxies, and where hadh > 1 mm.

However, the bondline could be considered to be fully rigid for Eadh > 10 GPa.

2Note: In the parametric studies (i.e. Fig. 1,Fig. 2, and Fig. 4), the timber section is taken as reference for the
calculation of the composite factor γ. Fig. A.1 of the Appendix provides a translation from γ to true composite
efficiency EIef /EIγ=1 and a drawing of the example situation.
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Figure 2. Left: Bondline slip modulus Kser,adh as a function of different values for Eadh and in de-

pendence of interlayer or bondline height hadh. Right: γ-values as a function of different values
for Eadh and in dependence of interlayer or bondline height hadh. The example situation considers
νadh = 0.3, a continuous bondline (seff = 1mm), the timber section as reference, a span of L = 5m, a

concrete cross-section strip of h x b = 80 mm x 320 mm, and a concrete of class C30/37). See Fig. A.1
for a translation from γ to EIef /EIγ=1.

2.2.3 Consideration of shear deformations in timber and concrete

An important aspect regarding the transferability of experimentally determined stiffness

values Kser to composite factor values γ is the consideration of shear deformations.

Shear deformations are normally neglected in the determination of the internal forces,

except in the shear-analogy-method according to Kreuzinger (2000), or in DIN EN 1995-

1-1/NA (2013). A study on the transferability of experimentally determined values of

Kser for TCC connectors with high stiffness values (notches) on pushout tests to similar

experiments on TCC beams is given in Schänzlin &Mönch (2017). The study showed that

the deformation of the beam can be slightly underestimated if the parameters obtained

from pushout tests are used without considering the shear deformations. The latter can

be considered by using

Keff =

 1

Kser,adh
+

ht

2Gtbt
+

hc

2Gcbc

–1

(6)

where Keff [N/mm/mm] is the effective bondline slip modulus to be used for design

in a slab or beam out-of-plane bending situation and under consideration of shear

deformations in timber and concrete, per mm width. Gt [N/mm2] and Gc [N/mm2] are

the sehar moduli of the timber and of the concrete, ht [mm] and hc [mm], and bt [mm]

and bc [mm], are the height and the width of the timber and of the concrete, respectively.

A parametric study on the influence of Kser,adh and Gt on Keff , and of Keff on γ is given

in Fig. 3.
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Figure 3. Left: Keff -values as a function of Kser,adh for different timber shear moduli Gt (GL48h, GL28c,

and C18), and concrete shear modulus Gc (for C30/37 only), according to Eq. 6. Right: γ-values va.
Kser,adh and as a function of Keff . The example situation considers the timber section as reference, a

span of L = 5m, a concrete cross-section strip of h x b = 80 mm x 320 mm, and a concrete of class
C30/37). See Fig. A.1 for a translation from γ to EIef /EIγ=1.

From Fig. 3 it can be seen that shear deformations in timber and concrete do not

appear to influence γ. Even though, for Kser,adh > 1′000 N/mm/mm, the Keff values

seem to become relevant, they do not affect γ-values due to the fact that γ ≈ 1 for

Kser,adh > 1′000 kN/mm. Although further situations need be investigated, this is valid for

the considered example situation. Furthermore, recalculations by Grönquist et al. (2022)

on ATCC beam tests (experimental determination of EIef ) using the γ-method showed

that γ ≈ 1. In such cases, it seems reasonable to neglect possible shear deformation

effects.

2.3 Long-term reduction of connection stiffness for ULS and SLS design at t 6= 0

Comparing adhesive bonds with metallic fasteners or notches, it can be observed that

there is no consistent reduction of Kser (or Ku) by using the proposed reduction by the

factor (1 + ψconnk
′
def ), as:

Kser,fin =
Kser

1 + ψconnk′
def

, (7)

as suggested in CEN/TS 19103 (2021) for the time states t = 3 – 7 years and t = ∞
(consideredwith the factorψconn). Formetallic fasteners or notches, the reduction of the

resulting γ-factor could be quite pronounced, while for an adhesive connection, there

can be no reduction at all for values of Kser,adh > 100 kN/mm, as is exemplary illustrated

in Fig. 4. In this exemplary parametric study, the effect of different possible adhesive

creep factors φadh are investigated with respect to the resulting composite factor γ in



state t = ∞ (i.e. ψconn = 1). In fact, most adhesives, e.g. epoxy based adhesive possess

a notorious visco-elastic creep behavior, where creep factors of φadh > 4 are possible

(depending on adhesive formulation). However, it can be seen that for bondlines with

Kser,adh > 100 kN/mm, the adhesive creep behavior has a negligible influence, and that

γt=∞ ≈ 1 can be safely assumed. For cases, where Kser,adh < 100 kN/mm, it can be

suggested that the adhesive creep factor φadh be experimentally determined, or that

the suggested factor k′
def (red line in Fig. 4) be used. Next to simplified creep factors,

adhesive creep compliance can experimentally be determined by suitable approaches,

e.g. as done in Binder et al. (2023). This can include, in particular, fitting of linear visco-

elastic creep parameters to experimental data in conjunction with the use of a suitable

rheological model.
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Figure 4. Obtained γ-values using Kser,adh (black curve) and Kser,adh,fin (blue shade curves) according
to CEN/TS 19103 (2021) for different theoretical adhesive creep factors φadh = 0.6 – 5.0. Red curve:

Suggested curve from CEN/TS 19103 (2021) for k′
def = 2kdef = 2 · 0.6 = 1.2. The example situation

considers ψconn = 1, a continuous bondline, the timber section as reference, a span of L = 5m, a
concrete cross-section strip of h x b = 80 mm x 320 mm, and a concrete of class C30/37). See Fig. A.1
for a translation from γ to EIef /EIγ=1.

3 Ultimate and serviceability limit state design

3.1 ULS bondline verification

3.1.1 Simple stress verification criteria

For design, the resulting and acting stress states on the ATCC element closely follow and

result from the adhesive bondline properties (i.e. Kser,adh and γ) described above. For

ATCC, experience shows that failures in beams designed for typical ULS and SLS situations

may not be excluded to occur at the bondline itself, or more commonly, close to the

bondline, e.g. in the form of cohesive failure of concrete (e.g. Grönquist et al. (2022)). As



a consequence, a verification of the adhesive bondline can be advised, especially in cases

when the cross-section (height of timber and concrete) is chosen such that high shear

stresses fall into the region of the bondline. This should consider the strength parameters

of the adhesive, e.g. the shear strength of the bondline fv,a (see Subsection 2.1), and

that of the substrates. Whether the bondlines are continuous or discontinuous, a simple

stress verification condition for the ULS could be formulated as follows:

τv,Ed ≤ fv,Rd = min(fv,a,d, fv,t,d, fv,c,d), (8)

where τv,Ed is the acting design shear stress at the bondline, fv,a,d is the adhesive bondline

design shear strength, fv,t,d is the design shear strength of the timber at the bondline,

and fv,c,d is the design shear strength of the concrete at the bondline. For concrete, in

particular, failing in a brittle manner, a shear strength fv,c is in theory non-existent as

a parameter on its own, but rather a function of the concrete tensile strength. In fact,

Seim & Frohnmüller (2022) propose to assume the concrete shear strength as twice the

value of the surface tensile strength: fv,c = 2 · fct,surf.

Furthermore, and according to the current recommendation of CEN/TS 19103, 2021,

tensile stresses perpendicular to the bondline σt shall be taken into account in design

as 10% of the shear force. However, in the case of ATCC, a theoretical separation

due to potential slab edge clamping effects (see e.g. Schänzlin & Ramirez (2020)),

resulting in a loss of connection, as is e.g. the case with notches, might be practically

ruled out due to the nature of an adhesive bondline (i.e. a force-based connection, no

geometrical interlocking). However, the current state of knowledge on ATCC is still to

sparse for entirely excluding σt, or assessing its effect on load-bearing capacity. Kästner

& Rautenstrauch (2021) recommend to still consider σt, although no specific proposal is

made. Therefore, for the perpendicular tensile stresses at the bondline, the following

condition could potentially be applied:

σt,Ed ≤ ft,Rd = min(ft,a,d, ft,90,d, fct,surf ,d). (9)

Hereby, σt,Ed is the acting design stress perpendicular to the bondline, ft,a,d is the

design tensile strength of the adhesive, and ft,90,d is the design tensile strength of the

timber perpendicular to the grain direction. Even though further research and insight is

necessary, the simple conditions of Eq. 8 and Eq. 9 would represent first possible (but

not necessarily conservative, see Section 3.1.2) steps towards the formulation of design

criteria at adhesive bondlines of ATCC.

3.1.2 Complex stress states and failure criteria

While simplified designmethods as presented in the sections abovemight be sufficient for

most practical cases, it may be interesting to consider multiple arising stress components

at the bondline in a combined failure criteria in case of special situations. These stress



components, for a specified location along the span, might be a mix of the (main)

longitudinal shear stresses, the tensile stresses perpendicular to the bondline, and also

possible stresses in transverse direction (biaxial effects). Conveniently, the occurring

stress states and possible failure criteria would be investigated using more complex

modelling, e.g. using Finite Element models (e.g. Zauft (2014), Eisenhut & Seim (2016),

Tannert et al. (2017), Hampel (2021)).

3.2 Long-term ULS bondline verification and SLS design at t 6= 0

In addition to the short term stresses described above, long-term stresses in themembers

and on the bondline develop due to ”inelastic” effects such as creep and shrinkage of

concrete, creep and swelling/shrinkage of timber, and temperature differences, as well as

due to the effect of these happening differently in timber and concrete, and on different

magnitudes at different time scales. CEN/TS 19103 (2021) states that for each relevant

time state, these inelastic influences shall be considered for both the ULS and the SLS.

Furthermore, annex B of CEN/TS 19103 (2021) provides a method for the analytical

estimation of these effects in conjunction with the γ-method for metallic fasteners and

notches. From literature, it is well known that stresses as well as deformations due to a

differential strain ∆ε (i.e. the inelastic effects described above) in two members of a

bonded composite (a ”bilayer”) maximize when the bondline is rigid (see e.g. Timoshenko

(1925) or Grönquist (2020)). This aspect is to a priori already considered in CEN/TS 19103

(2021) with an equivalent ”fictitious load” psls:

psls =
π2E1A1E2A2zγ∆ε
(E1A1 + E2A2)L

2
. (10)

Hereby E1 and E2 are the elastic moduli of the layers (denoted 1 and 2, e.g. concrete

and timber), A1 = h1b1 and A2 = h2b2 are the cross-sectional areas of the layers, with

h1 and h2 being the layer heights (or thicknesses), and z = (h1 + h2)/2 is the distance of

centroids (z = (h1 + h2)/2 + hadh in the case of an adhesive bondline of thickness hadh),

and L is the span. From Eq. 10, it can be seen that psls is maximized when γ = 1. This

equivalent ”fictitious load” has to be considered for ULS and SLS design. Furthermore,

for γ ≤ 1, the effective flexural rigidity EIef is additionally to be reduced by a factor CJ,sls.

However, CJ,sls = 1 in the case of a rigid adhesive bondline. It remains to be investigated,

if the factors psls and CJ,sls are indeed well calibrated with respect to their applicability

to adhesive bondlines. In the case of a continuous and fully rigid bondline, according to

Timoshenko (1925), the curvature χinel due to the differential (or difference of inelastic)

strain ∆ε is formulated as follows:

χinel =
∆ε

z +
2(E1h

3
1/12+E2h

3
2/12)

h1+h2

(
1

E1h1
+ 1
E2h2

) . (11)



In the case of a simply supported beam, the theoretical and equivalent load necessary

in order to result in a beam curvature of χinel can be expressed as:

qeqiv,inel =
8(EIef )

L2
· χinel, (12)

where (EIef ) is the effective flexural rigidity in the case of a rigid bondline (γ = 1), e.g. in

the case where the reference axis is chosen in material 2 (EIef ) is expressed as:

(EIef ) = E2

n1I1 + I2 + γn1A1 A2z
2

γn1A1 + A2

 . (13)

Hereby, I1 = h31b1/12 and I2 = h32b2/12 are the second area moments of inertia, and

n1 = E2/E1. Preliminary calculations indicate that, e.g. when comparing Eq. 12 with

Eq. 10 for the case of the ATCC setup from Fig. A.1, the fictitious load psls results in a

23% higher value than compared to qeqiv,inel, meaning that the use of psls might be

overly conservative. Whether this can be generalized to any arbitrary ATCC situation of

fully rigid and continuous bondlines remains to be investigated. However, preliminary

calculations using more complex rheological material models in conjunction with the

Finite Element Method show that the method of annex B of CEN/TS 19103 (2021) is in

most cases conservative for ATCC elements, at least with respect to SLS deformations

(Hampel (2021)). And the analytical derivations of the factors from CEN/TS 19103

(2021) in Schänzlin (2003) do not necessarily exclude the case of adhesive bondlines.

However, they were derived under the assumption of sinusoidal-distributed inelastic

strains, instead of the simpler but more realistic case of constant inelastic strains along

the length as in Timoshenko (1925).

Regarding long-term ULS bondline verification, investigations using numerical modelling

have been made by Eisenhut & Seim (2016), where long-term stress development has

been analyzed, or by Erlinger et al. (2020). In the case of ATCC, such complex models can

generally be recommended over the simplified procedure of annex B of CEN/TS 19103

(2021). This is especially the case for discontinuous or flexible bondlines, or in general,

for situations where the γ-method might be limited (Huber & Deix (2021)).

4 Conclusions and outlook

From the parametric studies in Section 2, it could be seen that the specific ATCC execution

types (see Tab. 1) can have a large influence on bondline properties required for design.

It was shown that for most cases of rigid and continuous bondlines γ ≈ 1, and that the

determination of a bondline slip modulus Kser,adh is not necessary. However, it was also

shown that this is not always the case for flexible interlayers (e.g. soft adhesives) or for

discontinuous bondlines. Here, it can be advised to experimentally determine a value of

Kser,adh, since in some cases γ < 1 may result.



Concerning ULS and SLS design, where stresses and deformations directly result from

the aforementioned bondline properties, simple and preliminary design conditions can

be formulated for the adhesive bondline, e.g. as in Eq. 8 and Eq. 9. However, here,

further research and investigation is necessary; conveniently, using adequate Finite

Element models along experimental validation. However, since instead of bondline

properties, rather inelastic effects (creep and shrinkage/swelling of concrete and timber)

are governing the long-term behavior, it can be advised to focus on reliable modelling of

not only the adhesive bondline, but specifically on that of the timber and the concrete,

with respect to different execution types (e.g. dry or wet processes). In fact, for TCC

elements, regardless of the connection system, the deformations in SLS design are often

decisive (Müller et al. (2021)). This aspect is critical for ATTC, since here, a trade-off

between composite efficiency and maximum effect of inelastic strains is made.

Further aspects, e.g. regarding execution, behavior in the fire situation, or the important

aspect of bondline durability assessment (relevant work is given e.g. in Loulou (2013),

Frohnmüller et al. (2021), Frohnmüller;Wisner, et al. (2022), and Frohnmüller; Ho, et al.

(2022)), directly influence andmay play amajor role with respect to the design procedure.

However, these aspects remain to be investigated conclusively, and highly depend on

the used product combination, such that they may better be considered e.g. in the

frame of European technical assessments (ETA’s), respectively. Nevertheless, since ATCC

are not yet included in standardization due to their relative novelty, but that it is to be

expected that ATCC will be of imminent practical relevance, we recommend, besides

pursuing on-going research efforts, to initiate a working group for including ATCC-specific

considerations in view of harmonized standardization for structural design.
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A Appendix: γ vs. EIef /EIγ=1
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Figure A.1. Left: Composite efficiency EIef /EIγ=1 as a function of composite factor γ. Translation in
the case of the shown γ-values of the parametric studies in this paper. Right: The example situation
considers the timber section as reference, a span of L = 5m, a timber cross-section of h x b = 120 mm x
320 mm, a timber of class GL28c, a concrete cross-section of h x b = 80 mm x 320 mm, and a concrete
of class C30/37. EIef is calculated using Eq. 13.


	Introduction
	Background and motivation
	Objectives and scope

	Adhesive bondline connection properties
	Determination of bondline strength
	Determination of bondline stiffness
	Rigid bondlines
	Flexible bondlines
	Consideration of shear deformations in timber and concrete

	Long-term reduction of connection stiffness for ULS and SLS design at t=0

	Ultimate and serviceability limit state design
	ULS bondline verification
	Simple stress verification criteria
	Complex stress states and failure criteria

	Long-term ULS bondline verification and SLS design at t=0

	Conclusions and outlook
	Acknowledgements
	References
	Appendix:  vs. EIef/EI=1

