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1 INTRODUCTION
For complex structural systems such as long span
timber constructions moment resisting joints are
crucial. In Figure 1.1 an example of such a moment
resisting timber column base is shown. The clamping
of the column base allows for a reduction of the
deflections of the structural system and has a
stiffening effect against horizontal loads. In order to
take these advantages into account when calculating
the occurring deformations and internal forces the
component method has proved to be a powerful tool.
Such complex moment resisting joints may be reduced
to a spring model, which includes all components
that contribute to the deformation and the load
bearing capacity of the overall joint. Investigations
(KUHLMANN & GAUß (2019), POSTUPKA ET AL.
(2016)) have shown that the component method as
a systematic simplified approach can successfully be
applied also for timber joints. For the calculation
of the load-deformation behaviour of the joint and
the occurring inner forces the single component´s
stiffness, in particular for components of low rigidity
like dowel type fasteners, has an important influence.
Therefore, the good description and appropriate
calculation of the load-displacement behaviour of the
various components are of high significance within the
component method.
In timber construction, for example for dowel
connections under rotational loading, the resulting
forces of the single fasteners and the joint stiffness
may be calculated considering the stiffness of the
single fasteners as given in code rules (see NCI NA.13
in DIN EN 1995-1-1/NA (2013)). However, several
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Figure 1.1: Moment resisting timber column base; Source:
Schaffitzel Holzindustrie GmbH Timber

investigations (DORN ET AL. (2013), GAUß & KUHLMANN
(2018), JOCKWER & JORISSEN (2018), SANDHAAS
& VAN DE KUILEN (2017)) showed that the stiffness
calculation according to EN 1995-1-1 (2005) is not in
all cases satisfying. This is, amongst others, caused
by the neglect of important influencing parameters
like the load-to-grain angle, the slenderness of
the fastener or the type of fastener (rope effect).
Furthermore, the reinforcement with fully threaded
screws showed a significantly positive influence on the
load-displacement behaviour of steel-timber dowel
connections which has been described by BEJTKA
(2005), but could not yet be fully considered.
Within this paper the results of recently conducted
experimental

component

and

joint

tests,

the

recalculation with a component model and theoretical
investigations regarding the connection stiffness are
presented.

3

2 COMPONENT METHOD

description of the moment-rotation behaviour of the
joint at a reasonable expense.

2.1 General
The component method was originally developed

2.2 In timber construction

for the calculation of steel and composite joints.

Several

The characterisation of the response of the joints

investigations have been realised on different aspects

in terms of stiffness, resistance and ductility was

of the component method in timber construction.

defined by JASPART & WEYNAND (2016) as a key

KUHLMANN & BRÜHL (2010) and KUHLMANN &

aspect for design, see Figure 2.1. Within the classical

BRÜHL (2013) focused on the ductility of timber

component method the characteristic behaviour of a

connections. Thereby, the scattering of the material

complex joint is assembled from a number of single

properties of timber parts as well as of the connectors

components, of which mechanical and geometrical

and consequently the effects of over-strength of

properties are known. The characteristic behaviour

materials played an important role (KUHLMANN ET

of the various components can be determined either

AL. (2014)). GAUß & KUHLMANN (2018) investigated

by experimental or numerical methods. A simplified

the initial stiffness of steel-timber dowel connections

analytical approach has meanwhile been developed as

to predict the occurring deformations and the inner

code rules and in EN 1993-1-8 (2005) and EN 1994-1-1

forces of joints more accurate at the quasi-elastic

(2004) more than 20 different basic components for

state. The comparison of the analytically predicted

steel and composite joints are listed.

and the experimental behaviour of large scale joint

Using the component method for the design of a
moment resisting joint, for every basic component the
strength and stiffness either in tension, compression
or shear have to be calculated. These calculation
results determine the properties of the elastic or
plastic springs used to assemble the spring model for
the complete joint.

experimental,

numerical

and

analytical

tests demonstrated the general applicability of the
component method in timber construction (KUHLMANN
& GAUß (2019)). In Figure 2.2 (top) the compilation of
a spring model is exemplarily shown. In a first step
for the real timber joint the distribution of inner
forces and deformations under the expected load
has to be assessed. Brittle failure modes may either
be considered in the spring model or be neutralized

With the initial rotational stiffness Sj,ini of the joint,

by an adequate reinforcement (for example with

calculated considering the several single components,

fully threaded screws). The single components

the moment-rotation behaviour can be approximated

identified in the joint then have to be characterized

as shown in Figure 2.1 (right). There are several

in view of their load-displacement behaviour, which

possibilities for the approximation of the plastic

may be represented by individual springs for each

moment-rotation behaviour of joints. The simplest

component. These individual springs can then be

idealisations are the rigid – plastic and the elastic

composed to an overall spring model of the joint

– perfectly plastic ones. Besides these bi-linear

considering the respective lever arms (see Figure 2.2

approaches there are also tri-linear or completely

(top)). Finally, with the spring model of the joint an

non-linear

approach

equivalent rotational spring may be determined for

probably is the most preferred way to get a realistic

further use in the overall calculation of the structural

approaches.

The

tri-linear

Figure 2.1: Semi-rigid steel joint, model and related M-Φ-curve of a semi-rigid joint according to EN 1993-1-8 (2005).

4
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system. Within the research project (KUHLMANN &

to the grain, also the rotational behaviour of a 2x5

GAUß (2019)) a proposal for a component catalogue

fastener group was tested. For the single fastener

for

basic

tests also the position of the reinforcement was varied

components of typical timber joints (see Figure 2.2

(without, centred, close). The test programme of the

(bottom)) analogous to EN 1993-1-8 (2005) has been

component tests aimed to predict the joint behaviour

developed. The

of the tested column footing and to identify relevant

timber

construction

considering

proposed

component

the

catalogue

summarizes several approaches from literature for
the determination of the load bearing capacity and
the stiffness of the individual components, but is also
based on new tests. These conducted component and
joint tests are presented below.

parameters on the load-deformation behaviour.
The test setups for the tensile tests parallel and
perpendicular to the grain direction are shown
in Figure 3.1. For the tests parallel to the grain
a symmetrical setup was chosen so that in each
case two connections per specimen were tested at

3 EXPERIMENTAL RESEARCH

the same time. The measurement technology was
placed following the specifications of EN 383 (2007).

3.1 Component tests

The application of the load followed the procedure

3.1.1 Test programme and setup

according to EN 26891 (1991). Further information on

Within the scope of a “Zukunft Bau” research project
(KUHLMANN & GAUß (2019)) in total 66 component
tests on steel-timber dowel connections and 10 large-

the geometry and the test setup of the component
tests are given in KUHLMANN & GAUß (2019) and GAUß
& KUHLMANN (2018).

scale joint tests were conducted by the Institute of

3.1.2 Test results

Structural Design in 2018.

To illustrate the influence of the position of the

Table 3.1 shows the experimental programme of

reinforcement (without, centred, close) and the type

the component tests. Besides tensile tests on single

of fastener (dowel, bolt) the mean load-displacement

fasteners (dowels, bolts) and groups of fasteners

curves of the tensile tests parallel to the grain are

(bolts + dowels) as well parallel as perpendicular

summarized in Figure 3.2. In Figure 3.2 (left) for a

Figure 2.2: Derivation of components of a timber joint (top); extract of component catalogue proposed in KUHLMANN & GAUß
(2019) (bottom).
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Table 3.1. Experimental programme of the component tests [short name]
Fastener

Ø [mm]

n┴ x n ║

α

Single (dowel) [SD]

16

1 x 1 [11]

0°

without [1]

8

0°

centred [2]

6

0°

close [3]

6

90°

centred [2]

4

0°

without [1]

8

0°

centred [2]

6

Single (bolt) [B]

Group (bolts + dowels) [SD]

16

16

1x1

Reinforcement

No. of tests

90°

centred [2]

4

1 x 3 [13]

0°

centred [2]

6

1 x 5 [15]

0°

centred [2]

6

2 x 5 [25]

0°

centred [2]

6

2 x 5 [25]

90°

centred [2]

6

Example short name: [SD16 11 0 1] = dowel – Ø = 16 mm – 1x1 – 0° – without reinforcement

Figure 3.1: Test setup and geometry in [mm] of single fastener tensile tests parallel to the grain (left); test setup of single
fastener tensile tests perpendicular to the grain (right).

better comparability the achieved load bearing

close) showed a ductile behaviour with large plastic

capacities of the single fasteners are given divided by

deformations on a stable load level or even a further

the characteristic maximum load of a connection with

increase of the load. The bolts showed an about 50

one dowel (Ø 16 mm, fuk = 460 N/mm²) according to

% higher load bearing capacity than the dowels. This

EN 1995-1-1 (2005). In Figure 3.2 (right) the curves

may be explained by the rope effect and the tensile

of the fastener groups are given also divided by the

overstrength of the bolts. The dowels were ordered

characteristic maximum load according to EN 1995-

with a material quality of S235JR, but showed an

1-1.

experimental tensile strength fu,dowels of 458 N/mm².

At a connection displacement between 8 mm to 10
mm all the tested connections reached the beginning
of the plastic plateau, which occurred when the

The bolts were ordered as steel 4.6, but actually
showed on average a measured tensile strength fu,bolts
of 624 N/mm².

fastener itself began to plasticize. At about 12 mm to

For the connections with one single dowel or bolt

16 mm for the unreinforced connections a splitting of

the determined maximum loads were all higher than

the timber member perpendicular to the grain and,

the calculated characteristic loads according to EN

consequently, a decrease of load were observed. In

1995-1-1. In Table 3.2 the mean values of Fmax and

contrast, all the reinforced connections (centred +

F10mm, the respective standard devia¬tions (SD) and

6
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Figure 3.2: Mean load-displacement curves of single fasteners (left) and fastener groups (right) from tensile tests parallel to
the grain, different types of reinforcement, connection failure marked by “X”.

the coefficients of variation (CV) are given. For the

There is a tendency that for the connections with the

reinforced connections the ultimate experimental

centred reinforcement for the dowels (SD16 11 0 2) as

loads Fmax are significantly higher than the loads F10mm

well as for the bolts (B16 11 0 2) the stiffnesses Kser

observed at the beginning of the plastic plateau. For

and Ke are about 20 % lower than for the unreinforced

the fastener groups (see Figure 3.2 (right)) a group

(SD16 11 0 1, B16 11 0 1) and the close reinforced ones

effect has been observed. With an increasing number

(SD16 11 0 3). Because of the large scattering of the

of fasteners massive splitting and block shear failures

measured stiffness values more experimental results

of the timber part occurred, which reduced the load

are necessary to further investigate this effect. The

bearing capacity and the maximum displacement of

CV values range from 11 % to 37 %. The reloading

the fasteners.

stiffness Ke is about three times higher than the

With regard to the reached maximum loads the test

initial stiffness Kser, which indicates significant plastic
deformations in the contact zone of the dowels at an

results are in a quite good accordance with EN 1995-

early loading stage. This is in accordance with findings

1-1, if calculated with measured material strength.

in DORN (2012).

However, the measured stiffness values differ from the
predicted stiffness values Kser of EN 1995-1-1. In Table

The tensile tests perpendicular to grain (α = 90°) were

3.3 the initial stiffness Kser, the reloading stiffness Ke

all reinforced with fully threaded screws (centred)

between 0.1 and 0.4 ∙ Fult and the respective standard

and showed a bi-linear load-displacement behaviour

deviation (SD) and coefficient of variation (CV) values

which, however, differed from the load-displacement

are given for the single fastener tests and for the tests

behaviour of the tests parallel to the grain (α = 0°).

with fastener groups. For the dowels as well as for

After a first linear section (Kser,90°) at a displacement

the bolts the measured initial stiffness Kser according

of about 3 mm (~22 kN) a loss of stiffness was

to EN 26891 (1991) is on average about 40 % lower

observed. Then, until the termination of the test, a

than the value predicted according to EN 1995-1-1.

relatively constant increase of load occurred (KII,90°).

Table 3.2. Load-carrying capacities from tensile tests parallel to grain (0°), load at a displacement of 10 mm F10mm and
maximum load Fmax; SD = standard deviation, CV = coefficient of variation
Series

Mean [kN] (Ftest / FEC5)

SD [kN]

CV [%]

Fmax

F10mm

Fmax

F10mm

Fmax

F10mm

SD16 11 0 1

43.7 (103 %)

43.1 (102 %)

1.3

1.5

3.0

3.4

SD16 11 0 2

52.5 (124 %)

44.3 (105 %)

1.1

3.1

2.1

6.9

SD16 11 0 3

66.1 (156 %)

45.2 (107 %)

3.0

0.9

4.5

1.9

B16 11 0 1

62.4 (119 %)

59.0 (113 %)

4.0

3.7

6.3

6.2

B16 11 0 2

87.1 (167 %)

60.1 (115 %)

8.1

2.4

9.3

2.6

SD16 13 0 2

144.2 (106 %)

141.7 (104 %)

6.7

6.1

4.6

4.3

SD16 15 0 2

221.8 (100 %)

221.4 (100 %)

9.1

6.8

4.1

3.1

SD16 25 0 2

388.9 (88 %)*

383.2 (87 %)

20.7

25.77

5.3

6.7

*massive splitting and failure in tension of effective cross section
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The definition of the stiffnesses Kser, Ke and KII are

transferred the tensile force. Test T 4.X had a dowel

displayed in Table 3.4 (right). The reached load

connection in the tensile as well as in the compressive

bearing capacities were significantly higher than

zone. The reinforcement of the timber mem¬bers

the values according to EN 1995-1-1. However, at

with fully threaded screws was varied within the test

a displacement of about 15 mm, which is the stop

series to investigate the influence on the load bearing

criterion according to EN 26891 (1991), the calculated

capacity and the joint stiffness. The load was applied

values are in good accordance with the experimental

path-controlled at the quarter points by means of a

ones. For the connections with dowels the initial

traverse, the points of loading were reinforced with

stiffness Kser,90° perpendicular to the grain was about

fully threaded screws.

33 % lower than the stiffness Kser,0° in grain direction.

3.2.2 Test results

For the connections with bolts the stiffness Kser,90° was

All the reinforced test specimens (T 1.X, T 2.X, T 3.X,

similar to the stiffness Kser,0°. The remaining stiffness

T 4.X) showed a ductile behaviour and large plastic

KII,90° was on average only 3 % of the initial stiffness

deformations. The unreinforced reference test (T 5.X)

Kser,90° for the dowels and 6 % for the bolts.

failed already on a lower load level without any pre-

3.2 Joint tests

announcement by brittle splitting and shear failure

3.2.1 Test setup

in the tensile zone. The variation of reinforcement
had an influence on the development of the observed

To verify the applicability of the component method

cracks in the tensile as well as in the compressive

in timber construction joint tests on a moment

zone. However, no significant influence of the

resisting column base were conducted. The joint tests

different types of reinforcement on the ultimate load

were realized as 4-point-bending tests with a steel

could be observed. The initial stiffness of the joints

beam connected to the timber specimen by a moment

was higher for the joints with a reinforcement against

resisting joint, see Figure 3.3. The test series T 1.X, T

transverse tension in the compressive zone than for

2.X, T 3.X and T 5.X had a steel plate in the upper third

the ones without.

of the timber beam to transfer the compressive force
by contact (see Figure 3.3 (left)). In the lower third

The moment-rotation curves of some of the joints

a steel-timber dowel connec¬tion with 2x5 fasteners

can be found in Figure 4.1 for the comparison of the

Table 3.3. Stiffness of fasteners from tensile tests parallel (0°) to grain, initial stiffness Kser and reloading stiffness Ke; SD =
standard deviation, CV = coefficient of variation
Series

Mean [kN/mm] (Ktest / KEC5)

SD [kN]

CV [%]

Kser

Ke

Kser

Ke

Kser

Ke

SD16 11 0 1

15.1 (63 %)

48.4 (202 %)

2.9

12.2

19.4

25.2

SD16 11 0 2

11.6 (49 %)

37.0 (154 %)

2.6

2.8

22.4

7.5

SD16 11 0 3

15.8 (66 %)

45.5 (190 %)

5.9

7.4

37.1

16.3

B16 11 0 1

17.3 (72 %)

54.5 (227 %)

4.2

13.6

24.0

24.9

B16 11 0 2

14.5 (60 %)

50.2 (209 %)

2.7

7.1

18.9

14.1

SD16 13 0 2

41.4 (58 %)

137.9 (192 %)

8.2

16.7

19.8

12.1

SD16 15 0 2

60.9 (51 %)

208.7 (174 %)

6.77

11.9

11.1

5.7

SD16 25 0 2

122.9 (51 %)

373.8 (156 %)

23.2

51.6

18.9

13.8

Table 3.4. Stiffness of single fasteners from tensile tests perpendicular (90°) to grain, initial stiffness Kser, reloading
stiffness Ke and stiffness in “section II” KII
SD16 11 90 2 (Ktest / KEC5)

B16 11 90 2 (Ktest / KEC5)

Mean

SD

CV

Mean

SD

CV

[kN/mm]

[kN/mm]

[%]

[kN/mm]

[kN/mm]

[%]

Kser

10.0
(42 %)

2.58

26.0

15.1
(63 %)

2.88

19.0

Ke

32.53
(136 %)

5.62

17.3

38.29
(160 %)

5.32

13.9

KII

0.7
(3 %)

0.15

20.7

1.4
(6 %)

0.30

21.0

8
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Figure 3.3: Setup of joint test T 1.3 and joint components (left); spring model of the joint (right).

experimental and the theoretical curves. For detailed

To

calculate

the

deformations

and

the

force

test results see KUHLMANN & GAUß (2019).

distribution within the spring model, shown in Figure
3.3 (right), the commercial software RSTAB by Dlubal
was used. The component model of the joint was

4 MODELLING OF THE TIMBER JOINTS

validated and calibrated by the experimental joint

4.1 Spring models

tests. Through a parametric study the influence of the

Based on the conducted component tests non-linear
spring models of the moment resisting joints were
derived to predict the moment-rotation behaviour.
The basic components are the spring Kc in the
compressive zone, the spring Kt in the tensile zone
and the rotational spring KΦ of the fastener group (see
Figure 3.3 (right)). The properties of the springs (loadbearing capacity, stiffness, maximum displacement)
may be determined in different ways. A most realistic

single components properties on the maximum load
and the occurring deformations were determined.
The properties of the compressive zone only showed
a small influence on the joint behaviour because the
compressive zone was much stiffer than the fastener
group and no plastic deformations occurred in the
contact zone. However, the properties of the tensile
zone are decisive for the joint behaviour and should
therefore be calculated as accurately as possible.

simulation is achieved by conducting component

In

Figure

tests for every component, as it was done within the

the experimental tests are plotted in grey, the

research project. Thereby, group effects, several

curve

types of reinforcement and the influence of brittle

(9-linear approximation) in red and the curve with

failure modes on the load-displacement behaviour

characteristic component properties according to EN

of the dowel group can be taken into account. The

1995-1-1 (2005) (3-linear approximation) in blue. The

properties of the tensile spring of the 2x5-dowel

“real” material properties of the steel components

with

4.1

the

moment-rotation

experimental

component

curves

of

properties

group could either be determined by tests on 2x5
dowel groups or by assembling an equivalent spring
out of test results of single fastener tests considering
group effects. The rotational stiffness of the fastener
group was determined by component tests, but could
also have been calculated with the load-deformation
curves of the single fasteners (bolts, dowels) and the
polar moment of inertia Ip. However, it is important
to consider the significant dependency of the loaddisplacement behaviour on the grain direction (0°
and 90°). The properties of the compressive spring
were determined by the experimental results or
alternatively by an elastic-plastic equivalent volume
based on the properties (E0,g,mean, f0,g,k) given in the
standard.
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Figure 4.1: Moment-rotation curves of spring models with
experimental component properties (Mean_9L) and values
according to EN 1995-1-1 (2005) (EC5_K) compared with test
results (grey).

9

were used to calculate the load bearing capacity and
for the analytical stiffness the values were reduced to
50 % of Kser,EC5.
The scattering of the experimental initial stiffness
and moment resistance of the joints could be covered
well by implementing the range of scattering of the
experimental component properties in the RSTAB
model. However, the descending part of the test
curves within the plastic range could not be modelled
in a satisfactory manner for all tested joints. One
reason for the overestimation of the moment capacity
is probably the neglect of brittle failure modes and

Figure 4.2: Possible definition of the load-displacement
behaviour of dowel-type fasteners.

the interaction of the different components (tension

timber dowel connections (single fasteners and

+ rotation) in the plastic range. The state of the art

groups) and on the above presented timber joints

regarding the brittle failure modes is presented in

were conducted. The 3D-FEM model is able to simulate

CABRERO & YURRITA (2018) and JOCKWER & DIETSCH

the overall joint behaviour and the most important

(2018). Improved modelling should consider these

failure modes. Nevertheless the sophisticated model

results. Investigations have also shown that the

is highly dependent on a complex calibration with

stiffness (normal and shear) of the timber beam itself

the experimental results. Creating a completely

has an influence on the joint´s moment rotation

independent universal FE model in order to simulate

behaviour. A stiffer timber beam leads to a stiffer joint

arbitrary joint geometries seems to be difficult. The

and also to an earlier beginning of the descending of

overestimation of the connection stiffness (especially

the moment-rotation curve.

for dowel type fasteners) within the FEM remains one

In Figure 4.1 the curve EC5_k with characteristic input
parameters of EN 1995-1-1 is also in good accordance
with the experimental results. The 3-linear approach
for the components properties seems to be sufficient
to predict the overall moment-rotation behaviour
of the joints. However, the stiffness according to
EN 1995-1-1 had to be modified to obtain a good
accordance between the results of the experiments
and the spring models. Therefore, it needs to be
discussed which stiffness has to be used for which
design situation. One possible solution could be to
define different values of stiffness, for example the
5 %-fractile, the mean and the 95%-fractile of the
initial stiffness Kser. Furthermore, it is recommended
to define a standardized load-displacement curve of

of the main deviations, which prevents a realistic
prediction of the joint behaviour (see also DORN
(2012) and SANDHAAS (2012)). Therefore, simplified
solutions like spring models are in many cases currently
not only a faster, but also a more accurate method for
the prediction of the load-deformation behaviour of
timber joints. If for the decisive components realistic
properties are assumed, the load distribution within a
complex joint and the deformations to be considered
in serviceability limit state as well as in ultimate
limit state can be predicted in a satisfactory manner.
Consequently, the possibilities determining the loaddisplacement behaviour of connections provided in EN
1995-1-1 should be clarified and extended to achieve
improved code rules for practical applications.

dowel type fasteners as it is shown in an extended
way in Figure 4.2. More detailed information on
the load-deformation behaviour of several types of
fasteners would be welcome. Relevant properties are
the initial slip (1), the initial stiffness Kser (2), the yield

5 CONCLUSIONS AND

SUGGESTIONS

FOR THE

APPLICATION OF THE COMPONENT METHOD IN
TIMBER CONSTRUCTION

load and the related displacement (3), the remaining

5.1 Conclusions

stiffness at the plastic plateau (4) and the maximum

The tests on moment resisting timber joints and their

displacement / stop criterion (5).

several components showed the general applicability

4.2 FEM

of the component method in timber construction.

In HASCHKE (2019) numerical investigations on steel-

10

Prerequisite is a detailed knowledge of the loaddisplacement behaviour (including a stop criterion)
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of the applied components especially for components

failure of the joint, have an influence on the joint

which are decisively influencing the joint stiffness

stiffness and therefore have to be considered for

and the maximum load. The interaction of the various

large joint deformations. At the quasi-elastic state,

components and the splitting of the timber member,

the interaction may be neglected.

even if it doesn't lead to a failure of the joint, have an
influence on the joint stiffness and therefore have to
be considered for large joint deformations.
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