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ABSTRACT: Approximately 60% of all joints in solid timber structures assembled with Cross Laminated Timber (CLT) 
are realised with screws. Although, the behaviour of axially loaded self-tapping single screws is already well known, only 
minor experiences are available regarding the behaviour of screwed wall joints. Furthermore, since seismic resistance of 
CLT structures depends to a great amount on the connections’ ability to dissipate energy, it is important to extend the 
knowledge on their behaviour more thoroughly. This paper gives a brief overview of the results obtained from experimental 
monotonic and cyclic tests that were carried out not only on screwed CLT single joints, but also on wall tests with screwed 
joints. Additionally, the question on modelling the behaviour of a screwed wall joint based on the behaviour of a single 
screw will be discussed within the present contribution as well. Aforementioned tests are part of an extensive ongoing study 
investigated at the Graz University of Technology, Institute of Timber Engineering and Wood Technology (TU Graz) and at 
the competence centre holz.bau forschungs gmbh (hbf). 
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1 INTRODUCTION 123 

Investigations done in the last 15 years showed that 
screwed joints are an indispensable part of modern timber 
engineering. Of course, the same applies to solid timber 
structures in CLT, where fasteners are ordered in so called 
‘line joints’ (1D) connecting the elements along the side, 
as contrast to the ‘classical’ application of screws in the 
conventional timber engineering where ‘single joints’ (0D) 
are formed. Nevertheless, even if approximately 60 % of 
all joints within a CLT building are screwed, an adequate 
model for calculating the screwed wall joints is not 
available. Of course, information regarding axially loaded 
self-tapping single screws in CLT as well as screwed in 
plane joints are available in the literature [1]-[3]. However, 
only minor amount of adequate information regarding the 
behaviour of a fully screwed wall joint was found (e.g. [4]) 

Since four years TU Graz conducts an experimental 
program focused on this topic. The research has been 
divided into following three steps: (i) single joint tests [5]–
[7], (ii) wall tests [8]-[9], and (iii) a full scale shaking table 
test of a three storey CLT building [10]. The latter one was 
carried out in the frame of the EU-project SERIES (see 
Figure 1). 
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      (a)           (b)                    (c) 

Figure 1: (a) single joint test; (b) wall test; (c) shaking table 
test of a three storey building 

Step (i) includes tests with different configurations for 
angle brackets, hold downs and screwed joints. All 
configurations were tested both monotonically and 
cyclically, loaded in shear and / or tension. The wall 
tests (ii) were arranged in such a manner that the behaviour 
of wall systems with different connection types can be 
analysed using characteristics of certain connections from 
step (i). Altogether, 215 single joints and 17 walls were 
tested within these two steps, whereby more than 50 % of 
the tests were carried out on screwed joints. 

Beside presenting certain test results, within this paper we 
will also compare selected models used for calculation of 
joints with fully threaded self-tapping single screws in 
CLT elements. Furthermore, we will adapt existing 
calculation models for CLT joints with angle brackets and 
hold-downs (presented in [11] and [12]) so that it could be 
applied on screwed joints as well. Finally we will show 
how a new analytical model describing non-linear 



load-displacement curves of single joints could be used to 
simulate the behaviour of CLT-walls with screwed joints. 

2 METHOD 

Before proceeding to the overview and interpretation of the 
results, short description of tested configurations and 
models will be given for both single joint and wall tests. 

Protocols for cyclic single joint tests were defined as 
guided in ISO 1667:2003 [13], i.e. the deformations of 
cycle groups were determined according to the ultimate 
displacement vu acquired from monotonic tests carried out 
in agreement with EN 26891:1991 [14]. Monotonic and 
cyclic wall tests were carried out following the loading 
protocol of ISO 21581:2010 [15] with minor adaptions. 
Additionally, information presented in EN 12512:2005 
[16] was used for post processing. 

2.1 SINGLE JOINT TESTS 

Within step (i) of the research program at TU Graz, several 
different configurations, which coincide with arrangement 
of connections in CLT structures, were tested using fully 
threaded self-tapping screws (FT). Thereby, overlap 
wall|wall and floor|floor joints were tested in shear and 
edge wall|wall and wall|floor joints were tested in both 
shear and tension. For comparison, certain configurations 
were also tested with partially threaded self-tapping screws 
(PT). Furthermore, the angle between the screw axis and 
the load direction was varied as well, i.e. 90° and 45°. 

Screw diameters, penetration depths, edge distances and 
spacing between the screws were chosen according to 
commonly used values in practice. Wall and floor elements 
consisted of three and five layers, respectively. Teflon 
stripes were used in shear wall|floor tests in order to reduce 
the friction (in calculations for single joints coefficient of 
friction was assumed as 0.1). 
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Figure 2: (a) wall|floor screwed joints tested in withdrawal 
(axial; configuration T4) and (b) shear (lateral; configuration 
T6) 

Present paper focuses on two configurations that were 
developed for wall|floor joints – one for the withdrawal- 
and the other for the shear tests. Thereby, floor elements 
were fixed and wall elements were shifted as shown in 
Figure 2. A total of 30 withdrawal tests (11 monotonic + 
19 cyclic) and 27 shear tests (10 monotonic + 17 cyclic) 
were carried out on wall|floor joints. 

2.2 CALCULATION MODELS OF SINGLE JOINTS 

As mentioned, results of the monotonic tests were 
compared with calculation models given in the literature. 
Load carrying capacity of laterally loaded screws under 
screw-load angle α = 90° (R1) was calculated according to 
Johansen’s equations including the “rope effect” as defined 
in [11]. Joints with crossed screws (α = 45°) were 
calculated according to simplified model (R2) suggested by 
Blaß & Bejtka [17] which is defined as the sum of the 
withdrawal capacity of screws in tension and in 
compression. Thereby, only withdrawal in tension is 
considered in tests with partially threaded screws. Another 
model (R3) given by Bejtka & Blaß [18], which 
additionally considers the shear component (extended 
Johansen’s equations), was used as well. 

Mean values used in these models were calculated 
according to expressions derived from the test results 
which are given by Blaß, Bejtka & Uibel [19] and Blaß & 
Uibel [1]: 
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where Rax  mean withdrawal capacity of FT screws  
in solid timber; 

fh embedment strength in solid timber for 
FT screws (for side face ε = 90); 

fh,narrow embedment strength in CLT narrow face 
for FT screws; 

 lef effective length in elements 1 and 2; 
 ρmean mean density of elements 1 and 2; 
 ρlayer mean density of the layer in which screw 

is inserted (in calculations taken as  
ρmean); 

 ε screw-fiber angle; 
 d nominal screw diameter. 

Embedment strength of the element with screw shank 
(partially threaded screws) was calculated with the model 
given for dowels: 
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where fh,dowel embedment strength of CLT for dowels  
(in calculation simplified with γ = 90°); 

 ρmean mean density of elements 1 and 2; 
 γ load-fiber angle; 
 d nominal screw diameter. 

T4 T6 



Since the model for the mean value of head-pull through 
capacity could not be found in the literature, it was 
estimated with the help of the characteristic head-pull 
through capacity given in the technical approval [20] with 
following adjustments for calculation of its mean value: 
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where Rhead,mean mean head-pull through capacity;  
f2,mean head-pull through parameter;  

 ρmean mean density;  
 dhead diameter of the screw head. 

Thereby, f2,mean was calculated with following expression:  
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where f2,k is the characteristic head-pull through parameter 
as given in approval [20] and COV[f2,k] was taken as 10% 
based on the research investigating the compression 
strength of CLT perpendicular to grain [21]. Furthermore, 
mean density ρmean was taken into account by calculating 
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2.3 WALL TESTS 

Altogether five configurations with 17 specimen were 
tested, from which two configurations (six tests) had 
screwed joints – one as primary connection type between 
wall|floor elements and the other as secondary wall|wall 
step joint (primary type were wall|floor joints with angle 
brackets). Within each configuration one monotonic and 
two cyclic tests were carried out. The monotonic and the 
first cyclic test were performed with a vertical load 
amounting to 20.8 kN/m (c1) and the second cyclic test 
with 5.0 kN/m (c2). 
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         (a)                (b) 

Figure 3: Configuration of the wall tests with screwed 
wall|floor joint – (a) sketch and (b) tested object 

Figure 3 shows the setup of the wall test where wall|floor 
joint was assembled with fully-threaded screws. Detailed 

information regarding the test procedure, measurements 
and the further test configurations are published in [7]-[9]. 

2.4 CALCULATION MODEL FOR CLT WALLS 

Based on the high stiffness and load carrying capacity of 
laterally loaded CLT elements, the behaviour of a wall 
system (CLT element + connections) primary depends on 
the used connections. Certain models for calculation of the 
joints with angle brackets and hold-downs are presented in 
[11] and [12]. Nevertheless, a typical wall-floor-wall detail 
in solid timber structures with CLT uses screws to connect 
the floor with the wall element beneath (see Figure 4a). As 
a consequence, to identify the behaviour of a laterally 
loaded CLT wall, it is necessary to consider the 
characteristics of both top and bottom joint. If the screwed 
joint at the top of a wall is designed to be rigid 
(overstrength), the rotation of the single wall is locked. 
This results in a kind of ‘box behaviour’ (see Figure 4b 
top). Otherwise, if the behaviour of both joints is 
concerted, a rocking behaviour of single walls occurs (see 
Figure 4b bottom). Additionally, only the latter type of 
construction would enable the energy dissipation of an 
eventual screwed joint between the walls.  

 
       (a)        (b) 

Figure 4: (a) typical connections used in CLT structures; 
(b) box (top) and individual (bottom) behaviour of CLT walls 

In order to adapt the existing wall models given for angle 
brackets and hold-downs as presented in [11] or [12], we 
based our discussions on the model illustrated in Figure 5. 

      

Figure 5: Model used for calculating screwed wall joints 
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This model is based on the following core assumptions:  
 the CLT element behaves rigid  
 the compressive force (FC) is transferred with a 

stress block 
 the axial load of the screws (FR,tension) decreases 

starting with the maximum load carrying capacity 
of the first screw (Fmax,tension) and ending with zero 
at the point of rotation (PoR) 

 the load carrying capacity of laterally loaded 
screws (FR,shear) follows a quadratic interaction as 
described in [20] and could be calculated with 
Equation (7): 
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where: Fmax,shear maximum load carrying 
capacity of a screw loaded 
perpendicularly to its axis 
(laterally) 

Of course, the influence of the vertical load q is considered 
as well. Furthermore, it is worth mentioning that this 
model enables the alteration of the point of rotation along 
the baseline of the wall. Therefore, two possibilities are 
deemed to be expedient: the first one sets the point of 
rotation in the centre of the wall (PoR = L/2) and the 
second one on the edge opposite to the applied force FE, 
i.e. PoR = L. 

3 RESULTS AND DISCUSSION 

Basic ratios, such as maximum load (Fmax), stiffness (Kser), 
ductility (μ) and – from the cyclic tests obtained – 
‘impairment of strength’ (ΔF) and the equivalent viscose 
damping ratio (veq) were calculated for all tested 
configurations. Presented results rely on the models given 
in [13], [15] and [16] including small adjustments. 

3.1 SINGLE JOINT TESTS 

Failure modes of single joint tests can be divided into five 
groups: withdrawal of screws, steel screw failure, head-
pull through failure, yielding of screws accompanied by 
plastic deformation in timber and finally, the combinations 
of certain aforementioned failures. Examples of the 
configurations with the clear failure mode types are listed 
in [6].  

An interesting point was a step that was documented in 
some load-displacement diagrams (see Figure 6). This step 
depends on the gap that occurs if the elements are joined 
using fully threaded screws which are inserted without 
‘prestressing’ the elements. Figure 6 shows the possible 
effect of such a gap on the initial stiffness. Furthermore, it 
clearly visualises the ‘rope effect’ as well as the impact of 
friction on the behaviour of such joints. This effect was in 
further tests reduced by ‘prestressing’ the elements joined 
with fully threaded screws. 
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Figure 6: Influence of a gap and ‘prestressing’ on the 
behaviour of a screwed joint 

Figure 7 gives comparison of the processed data obtained 
with cyclic tests in shear and tension on wall|floor joints 
with fully-threaded screws under α = 90°. In comparison 
with axially loaded screws, screws loaded laterally showed 
lower stiffness and load carrying capacity, but 
considerably higher deformations, impairment of strength 
and damping ratio. However, difference between ductilities 
was not so pronounced. Here is important to mention that 
high dependence of the ductility ratio on the definition of 
stiffness is noticed (see also [7]). 
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Figure 7: Wall|floor joint with fully threaded screws α = 90° 
– comparison between the shear and withdrawal tests 

Table 1 and Table 2 show test results for configurations T6 
and T4, respectively. Values given for the joints with 
α = 45° and α = 90° refer to screw pair and single screw in 
the joint, respectively. Additional interventions regarding 
the determination of the ultimate displacement and the 
damping ratio are given in [6].  

In Table 1 the same influence of the higher stiffness and 
load-carrying capacity, but lower impairment of strength 
and damping ratio, can be seen in shear T6 tests with 
primary axially loaded crossed screws (α = 45°) in 
comparison to joints with screw-load angle α = 90°. It was 
also noted that configurations that failed due to head-pull 
through (in this case those were T4 and T6 configurations 
with partially threaded screws) showed considerably 
higher ductility. 



Table 1: Test results (mean values) of monotonic (_m) and 
cyclic (_c) single joint tests for configuration T6 

ID Fmax 
[kN] 

Kser 
[kN/mm] 

μ 
[-] 

ΔF 
[%] 

νeq 
[%] 

FT_90_m 10.3 0.5 2.3 - - 
FT_90_c 12.4 0.6 2.0 22.1 7.5 
FT_45_m 30.0 19.9 4.6 - - 
FT_45_c 32.6 21.7 2.7 4.1 6.8 
PT_90_m 9.5 0.5 7.6 - - 
PT_90_c 7.3 0.7 8.6 15.5 11.2 
PT_45_m 15.6 7.3 89.0 - - 
PT_45_c 15.5 5.7 31.0 6.4 9.0 

Table 2: Test results (mean values) of monotonic (_m) and 
cyclic (_c) single joint tests for configuration T4 

ID Fmax 
[kN] 

Kser 
[kN/mm] 

μ 
[-] 

ΔF 
[%] 

νeq 
[%] 

FT_90_m 20.8 17.6 3.5 - - 
FT_90_c 23.1 18.3 3.7 4.6 0.4 
FT_45_m 33.6 16.6 2.4 - - 
FT_45_c 34.7 22.5 3.3 3.7 4.6 
PT_90_m 17.3 9.0 72.4 - - 
PT_90_c 17.6 5.6 22.7 9.7 1.3 
PT_45_m 21.7 6.13 35.7 - - 
PT_45_c 26.9 9.2 32.9 8.2 2.0 
 
Table 3 gives comparison between the results of 
monotonic tests and the models described in section 2.2. 
As contrast to Table 1 and Table 2, those values are 
referring on the group of screws as assembled in the tests. 
Additional values given in the brackets represent the 
calculations where instead of the model for embedment 
strength of the narrow face in CLT (Equation (3)) the 
model given for embedment strength of solid timber 
(Equation (2)) was used. This approximation is taken 
because the layer in which the screw was inserted can be 
precisely predicted. This means that, in this case, screws 
were inserted in the middle layer of the wall element, i.e. 
insertion perpendicular to grain and therefore loaded in the 
grain direction (configuration T6). 

Table 3: Comparison between the test results (monotonic) 
and models given in the literature 

ID R1 R2 R3 Fmax,test 
T6_FT_90 15.3 (19.8)   41.2 
T6_FT_45  56.6 62.0 (63.8) 60.0 
T6_PT_90 16.1 (19.0)   37.9 
T6_PT_45  11.0  31.2 
T4_FT_90  18.3  20.8 
T4_FT_45  27.6  33.6 
T4_PT_90  6.8  17.3 
T4_PT_45  10.3  21.7 
 
With an exception of the configuration T6 with fully 
threaded crossed screws, all models underestimated actual 
test results. Furthermore, models for laterally loaded 
screws and for axially loaded screws where head-pull 

through was decisive show higher deviation from test 
results. Therefore, further research regarding the behavior 
of joints in case of a head-pull through is proposed. 

3.2 WALL TESTS 

Table 4 covers the specific values of the wall tests carried 
out on configuration D (screwed joint; illustrated in 
Figure 3). For comparison, the results of the monotonic 
and cyclic tests of the configurations A (four angle 
brackets) and B (two hold downs and two angle brackets) 
are presented as well. This should visualise the potential of 
such joints in comparison to the screwed ones. Further 
results and interpretations regarding the wall tests carried 
out at TU Graz are given in [7]-[9]. 

Table 4: Test results (mean values) of monotonic (_m) and 
cyclic (_c) wall tests 

ID Fmax 
[kN] 

Kser 
[kN/mm] 

μ 
[-] 

ΔF 
[%] 

νeq 
[%] 

A_m 62.77 11.349 22.5 - - 
A_c1 63.00 10.943 16.0 12.3 16.9 
B_m 77.36 6.052 5.5 - - 
B_c1 71.70 4.688 5.0 14.7 20.2 
D_m 51.07 17.778 20.7 - - 
D_c1 60.40 14.578 14.0 7.3 15.9 
D_c2 46.80 8.608 6.0 4.6 16.4 
 
As can be seen from the results, different configurations 
show comparable maximum load (Fmax). Furthermore, a 
high stiffness of the screwed joint in relation to the other 
configurations has been noticed. An interesting point is the 
high ratio of ductility (μ) of the screwed joint. The 
influence of the vertical load could also be seen at test 
results D_c1 (20.8 kN/m) and D_c2 (5.0 kN/m). 

The horizontal deformation of a CLT wall on the top (head 
displacement) is a sum of the CLT deformation (composed 
of bending and shear) as well as the contributions slip and 
rocking induced by the connections deformation (see 
Figure 8). 

 
           (a)      (b)         (c) 

Figure 8: Contributions of deflection; (a) CLT – bending 
and shear; (b) slip – translation; (c) rocking – rotation 

Table 5 shows the individual contributions in the total 
deflection given for each tested configuration. At first, the 
low percentage of the CLT deformation which roughly 
amounts to 8 % in average confirms the assumption of a 
rigid CLT behaviour, used in the calculation model. 
Furthermore, a high rocking component can be noticed in 
all configurations. 



Nevertheless, the tested screw joint showed very low 
percentage of the component of slip deformation even if 
the screws were drilled into the joint with an angle of 90°. 

Table 5: Test results (mean values) of monotonic (_m) and 
cyclic (_c) wall tests –contributions of deflection 

ID CLT slip rocking 
A_m 4 % 14 % 82 % 
A_c1 10 % 22 % 68 % 
B_m 5 % 41 % 54 % 
B_c1 11 % 41 % 48 % 
D_m 7 % 8 % 85 % 
D_c1 11 % 9 % 80 % 
D_c2 7 % 15 % 78 % 

 
Table 6 compares the test results with the calculation 
model presented in section 2.4. The results of the single 
joint tests given in Table 1 and Table 2, were used as an 
input for the calculation. Furthermore, a coefficient of 
friction of 0.2 was considered as well. 

Table 6: comparison between calculation model and test 
results 

q 
[kN/m] 

PoR  
[m] 

rocking 
[kN] 

shear 
[kN] 

test 
[kN] 

20.8 
1.25 51.65 129.02 

51.07 (m)
60.40 (c) 

2.5 112.63 128.55 
2.15 94.43 128.67 

5.0 
1.25 41.78 121.12 

46.80 2.5 92.88 120.65 
2.23 80.91 120.79 

 
The presented ratios illustrate the effect of the varied 
position of the PoR. Situating the PoR in centre (1.25 m) 
results in a low rocking resistance. In contrast, if the PoR 
is positioned at the opposite edge of the introduced load 
(2.5 m), higher rocking capacities occur. A third variation 
represents an iterative calculation for optimized position of 
the point of rotation. Iteration was carried out with the help 
of the stress block model with a maximum stress according 
to the resistance of timber against compression (in this 
case compression perpendicular to the grain). Furthermore, 
the comparison confirms the increase of lateral load 
carrying capacity in the configuration with the higher 
amount of vertical load. However, the best fit with the test 
results is achieved with the centred PoR. Increasing 
distance of the PoR from the edge with the load input leads 
to an overestimation of the walls capacity. 

Results given in Table 6 also show the high shear capacity 
in relation to the rocking resistance even though the screws 
were inserted with an angle of 90°. However, when 
considering the high load carrying capacity of axially 
loaded screws, it is important to keep in mind that the 
rocking prevents, in contrast to the slip, concurrent 
response of all screws. Therefore, the influence of rocking 
on the behaviour of screwed joints, i.e. load distribution, 

should not be neglected - otherwise an overestimation of 
the load carrying capacity of the wall could occur! 

Finally, it has to be mentioned that the presented model 
does not explain the low contribution of slip in the total 
wall deflection which was identified in the tests. In 
contrast, using the results of stiffness gained with the 
single joint tests leads to a contribution of slip up to 90 %. 

3.3 AN ANALYTICAL MODEL USED TO 
DESCRIBE WALL TESTS 

Based on [22], in [23] an analytical model which describes 
the non-linear characteristics of load-displacement curve is 
proposed. The aforementioned model defines the load-
displacement curve with the help of the boundary 
conditions which represent direct link to the specific values 
of the examined object. The model is displacement based 
and defined with Equation (8). 
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where  F = force 
w = displacement 
K1 to K6 = constants 
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Figure 9: Parameter necessary for the proposed model to 
describe non-linear load-deflection curves 

Figure 9 as well as Equations (9)-(14) define the boundary 
conditions necessary for calculation of the constants in the 
analytical model. 

( 0) ini

dF
w K

dw
   (9) ( ) 0app app
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w V K
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max( )appF w V F   (11) ( )app AF w V F  (12)

( )y yF w V F   (13) ( )u uF w V F   (14)

Table 7 gives the values which were used to determine 
aforementioned constants K1 to K6 used for simulation of 
the load-displacement curve of both axially and laterally 
loaded single screws. 



Table 7: Input parameter for the analytical model 

 Fmax 
[kN] 

Vapp 
[mm] 

Fy 
[kN] 

Vy 
[mm] 

Fu 
[kN] 

Vu 
[mm] 

Kini 
[kN/mm]

FA 
[kN]

ax. 20.8 2.0 11.1 0.6 16.7 3.4 25.0 0 
lat. 10.3 25.4 3.1 3.5 9.2 43.8 6.5 6.0 
 
As can be seen, the used values of stiffness (Kini) do not 
correspond to the ratios given in Table 1 and Table 2. This 
is due to definition of stiffness obtained from the tests, i.e. 
Kser was determined by the line connecting the points of 
10 % and 40 % of Fmax. As a contrast, the stiffness Kini 
used for the model has to be described as the initial 
stiffness at w = 0. However, even if the two selected tests 
(axial and lateral loading of screws) cover quite different 
type of load-displacement curves, the proposed analytical 
model is able to describe them accurately (see Figure 10). 
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Figure 10: Comparison of test results and analytical model 
for axial (tension) and lateral (shear) tests on single joints 

Once the load-displacement behaviour of a single screw is 
defined, simulation of the wall behaviour can be easily 
performed in a spreadsheet program by combining the 
shares of displacement contributions. Of course there are 
several steps of possible modelling whereby Figure 11 
shows two examples. The green line represents the model 
of a simple combination including only the influence of 
friction (with a coefficient of 0.2) and the vertical load. 
The red line covers the model which includes further 
effects (such as a varying point of rotation between 0.4 m 
and 2.2 m) as well. Furthermore, since the analytical model 
is displacement based the contributions of rocking and 
shear in the total deflection have to be defined by the user. 
Chosen rocking to slip ratio, which leads to the accurate 
model curves presented in Figure 11, amounts to 90 % to 
10 %. The good agreement of this ratio with the test results 
given in Table 5 is caused by two core points: 

 the high stiffness ratio Kini of laterally loaded 
single screws in relation to Kser obtained from 
tests leads to very small deformations caused at 
the low level of applied load for every single 
screw in the wall joint 

 only a few screws acts together at the same time 
due to the rocking effect 

Additionally, considering of the post peak behaviour 
(degradation of load and stiffness after reaching Fmax) of 
the screws enables simulation of the high ductility as well. 
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Figure 11: Comparison of test results and calculation 
model using the analytical curves from the single joint tests 

4 CONCLUSIONS 

Within the present contribution, we summarised our 
investigations regarding screwed joints in CLT structures, 
carried out at TU Graz. For this purpose we covered results 
of several single joint and wall tests performed 
monotonically as well as cyclically. In a further step we 
compared the test results obtained from the single joint 
tests with calculation models for screwed CLT connections 
given in the literature. Comparison showed that used 
models generally underestimate the load carrying capacity 
of single screws. 

In absence of an adequate alternative, for estimating the 
load carrying capacity of a fully screwed wall joint, we 
adapted the models commonly used for ‘classical’ CLT 
joints assembled with angle brackets and hold-downs. 
Results showed that the rocking behaviour is decisive in 
most cases and therefore should not be neglected in design. 
The reason for this behaviour was detected in the fact that 
component of rocking causes only few screws to act 
together at the same time, while the component of slip 
activates all screws uniformly. However, comparison of 
the investigations done on screwed wall joints with further 
wall tests assembled with different connection types leads 
to conclusion that both the ‘classical’ bottom joint with 
angle brackets and hold-downs as well as the screwed top 
joint have to be considered, in an adequate way in 
estimations of the behaviour of CLT wall. This point needs 
to be considered especially if dissipation of energy is 
planned through vertical wall joints. 

The last part of the present paper deals with a possible 
model that can be used to describe the load-displacement 
curve of a CLT wall based on the characteristics of its 
connections. Thereby, an analytical model which describes 
the non-linear behaviour of a single screw is used. The 
positive results of the first trials presented in this paper 
encourage further research on this topic. 
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