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ABSTRACT: The possibility of transmission of axial forces between self-tapping screws fastened in the opposite faces 
of a timber element and loaded contrariwise is analysed. The screws are intended to be placed sufficiently close one to 
another and the threaded shanks overlapped by a suitable length. Experimental tests are conducted, varying type, 
penetration depth and overlapping length of the screws, to evaluate the actual strength and the type of failure of this 
fastening technique.
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1 INTRODUCTION 123

The choice of type and arrangement of steel connections
to realize timber joints plays a key-role in the capacity of 
timber structures.
Full-threaded Self-Tapping Screws (STS) are generally 
used to strengthen a timber element or to connect two or 
more timber components of a structure, taking advantage 
of their high axial strength [1]. The increasing interest in 
such technique is due to its effectiveness since these
screws are fast to be installed and do not always require 
pre-drilling of the timber element. Examples are available 
in [2–5].
Recent works confirmed that particular attention must be 
paid to the design of spacing and edge distance to avoid 
anticipated brittle failures in the timber element, either for 
solid wood or laminated timber products (e.g., block shear 
failure, tension orthogonal to the grain) [6].
The ongoing revision of Eurocode 5 [7], based on detailed 
works recently published in the literature, aims to provide 
a design toolbox for the practitioners, which helps them in 
dealing with the design of modern fasteners with different 
anchoring materials [8]. 
To this aim, this work analyses the transmission of axial 
forces across a glued laminated timber element by means 
of pairs of STS fastened on the opposite faces, placed 
sufficiently close one to another and with a suitable 
overlapping length. The screws are installed with a 
spacing lower than the one required by current European 
Code [7]. The aim is to analyse, by means of experimental 
tests, the increased/decreased capability of transmitting 
axial forces between the screws through the timber 
member with such particular arrangement.

1 Department of Civil, Environmental and Architectural 
Engineering, University of Padova, via Marzolo 9 - Padova, 
35131, Italy. davide.trutalli@dicea.unipd.it; 
luca.marchi@unipd.it; roberto.scotta@unipd.it.

2 MATERIALS AND METHODS
Experimental tests were performed at the laboratory of 
Material testing of the University of Padova exploiting a 
universal testing machine.

2.1 TEST SETUP
Two couples of the same type of screws (four screws in 
total per single test) were simultaneously pulled 
contrarywise by means of a proper symmetric pulling 
configuration, designed, and realized to avoid possible 
eccentricities of loads (Figure 1). Two steel C-beams 
reinforced on both webs and flanges with 100-mm steel 
plates accommodated specifically designed millings that 
were able to provide a sufficiently rigid pulling force on 
the screw’s head. Specific washers were designed to fit 
with the screw’s countersunk heads avoiding local 
damages during the pulling tests. Tests were performed 
according to the load protocol of EN 26891:1991 [9].
Displacements were measured by placing one 
potentiometer place in proximity to each of the four
screws.
Insertion of the screws close to verticality was assured by 
predrilling the wooden sample with a 5-mm drill bit up to 
a depth of 60 mm. Then, STS were pre-installed on the 
glulam samples, leaving a gap between the head and the 
surface to allow the positioning of the sample between the 
supporting U-shape beams. Once in place, a torque 
wrench was used to tighten the screws and provide direct 
contact between each of the four screws heads with the 
tensioning steel frame. Pretension on the STS was 
avoided through real-time reading of the load cell 
installed on the testing machine.
In addition, withdrawal tests of single STS according to 
EN 1382:2016 [10] were taken as reference for 
comparative purposes (Figure 2).
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A total of 35 tests were performed, 30 of which for testing 
the overlapping conditions and 5 as reference for the 
withdrawal capacity. Average and characteristic values of 
all the main mechanical parameters were calculated 
according to EN 14358:2016 [11]. 
 

 

Figure 1: Test setup: load transfer 

 

Figure 2: Test setup: withdrawal capacity  

2.2 SPECIMEN CHARACTERISTICS AND 
MATERIALS 

Specimen design aimed to obtained a balanced solution 
between observing a failure governed by the screws 
withdrawal and failure due to excessive tension 

orthogonal to the grain. By varying the overlapping length 
failure should occur between the two possibilities. 
Tests involved the use of carbon steel fully-threaded STS 
fastened to glulam timber samples. Three key parameters 
were considered in the definition of the test campaign, 
namely: 

 dependency on the overlapping length of the 
STSs lo: reference values were 60, 100 and 140 
mm or 6d, 10d and 14d; 

 dependency on  the total penetration length of the 
STSs leff: reference values were 130, 150 and 170 
mm; 

 Alignment between each couple of STS: parallel 
or perpendicular to the grain direction. 

 
Although the screw’s nominal diameter d should was 
potentially an essential variable to be analysed, it was not 
included in the parametric test: a fixed nominal diameter 
equal to 10 mm was considered as a good compromise to 
investigate the load transmission phenomenon while 
keeping the dimensions of the timber specimens 
sufficiently small to be manipulated in the testing machine 
while respecting the provisions on minimum edge 
distances reported in Eurocode 5 [7]. In detail, dimensions 
equal to 32x10x20 cm and 28x20x20 cm were chosen for 
the test in the parallel and perpendicular to grain screws 
layout (Figure 3). Spacing between the two opposite 
facing screws was set  at a constant value of 2d = 20 mm. 
All glulam specimens were cut from two beams having a 
cross-section of 20 x 28 cm and a certified strength class 
equal to GL24h [12]. At the age of the tests, all specimens 
were correctly dried, and each wood sample was assessed 
with a pin-type digital hygrometer; an average moisture 
content of 13.97% was measured, thus slightly above the 
reference value of 12.00%. Wood density was also 
extrapolated by weighting and measuring each sample, 
resulting in an average value equal to 431.59 Kg/m³.  
Details on specimen nomenclature and relative 
characteristics are reported in Table 1. 
 

Table 1: Specimen characteristics 

Specimen ID 140-0 140-90 100-0 100-90 60-0 60-90 W 
Number of tested samples 5 5 5 5 5 5 5 
Wood element dimensions (cm) 9x32x20h 20x28x20h 9x32x20h 20x28x20h 9x32x20h 20x28x20h 20x20x20h 
STS alignment (°) 0 90 0 90 0 90 - 
Total length L (mm) 200 200 180 180 160 160 180 
Effective length Leff (mm) 170 170 150 150 130 130 150 
Overlapping length Lov (mm) 140 140 100 100 60 60 - 
Mean density (Kg/m³) 441.39 434.17 424.46 415.22 434.39 444.62 426.88 
Moisture content (%) 15.41 12.69 14.75 12.97 15.36 13.68 12.93 
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(a) (b) 

Figure 3: Geometry of the Glulam samples for overlapping 
parallel (a) and perpendicular to grain (b) 

2.3 ANALYTHICAL CALCULATION 
Values of the experimental resistance were compared 
with the analytical load bearing capacity. For the 
comparison, both the equation reported in the 
homologation document of the producer [13]: 

 (1) 

 
and the one included in Eurocode 5 [7] were used: 

 (2) 

In the computation, the characteristic withdrawal 
parameter fax,k and the factor kax were respectively set 
equal to 10.5 N/mm² and 1.0 according to [13]. The 
characteristic tensile load bearing capacity of the steel 
ftens,k was equal to 25kN [13]. 
Finally, the characteristic strength orthogonal to the grain 
ft90,k for the timber necessary to compute the load capacity 
Ft,90,k of the specimen was set equal to 0.5N/mm². 
3 RESULTS AND DISCUSSION 
Table 2 reports in summary the maximum pulling load 
Fmax obtained from each test as well as average and 
characteristic values Ftest,m and Ftest,k. 
Three failure modes were evidenced during the 
experimental tests: screw withdrawal, wood failure for 
tension orthogonal to the grain or rolling shear. Results 
shows that for both lov equal to 100 and 140 mm, when 

STS were arranged parallel to the grain, force 
transmission could be mostly ensured thus avoiding the 
premature splitting of wood. In both configurations, in 
eight out of ten trials failure was governed by the 
withdrawal of the STS. The only difference observed was 
was that for the higher lov, failure was due to rolling shear 
rather than tension orthogonal to the grain. 
For the lowest lov of 60 mm, failure on the timber side was 
mostly happening. This explains why tests on 
configuration 60-90, namely the ones with the smallest 
transfer capability, were interrupted before the 
completion of the series (Table 2). 
 
3.1 LOAD VS. DISPLACEMENT CURVES 
 Figure 4 reports the curves obtained from the withdrawal 
tests of the STS according to EN 1382:2016 [10]. 
Figure 5, Figure 6 and Figure 7 show the load vs. 
displacement curves obtained from the tests of specimens 
with lov equal to 60, 100 and 140 mm respectively. Load 
refers to a couple of STS, i.e., the total load measured 
from the load cell divided by two. Displacement is the 
average displacement calculated from the four 
potentiometers.  

 
Figure 4: Load vs. displacement curves of the withdrawal tests 
according to EN 1382:2016 [10] 

The seldom presence of a red cross at the end of a curve 
indicates that failure ended with premature failure of the 

Table 2: Values of Fmax and corresponding failure mode obtained from each test: W = withdrawal failure, T = tension orthogonal 
to the grain failure, R = rolling shear failure 

  lov = 60 mm lov = 100 mm lov = 140 mm 

  
Fmax 
[kN] 

Failure 
Mode 

Ftest,m 
[kN] 

Ftest,m 
[kN] 

Failure 
Mode 

Fmax 
[kN] 

Fmax 
[kN] 

Failure 
Mode 

Ftest,m 
[kN] 

  Test 1 18,57 W 17,62 kN 21,25 kN W 20,27 25,56 W 27,96 kN 
  Test 2 16,74 T     W 21,07 29,23 W   
0° Test 3 18,91 T Ftest,k Ftest,k W 20,38 29,23 W Ftest,k 
  Test 4 14,44 T 12,57 kN 17,65 kN W 23,80 29,59 W 23,52 kN 
  Test 5 19,46 T     W 20,70 26,18 W   
  Test 1 19,04 T Ftest,m Ftest,m T 23,14 26,74 R Ftest,m 
  Test 2 20,08 T 19,56 kN 21,94 kN W 18,73 24,97 W 26,10 kN 
90° Test 3  - -     T 24,34 25,49 W   
  Test 4  - -   Ftest,k W 20,73 27,22 W Ftest,k 
  Test 5  - -   16,49 kN W 22,79 27,20 R 23,52 kN 
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wood. As a reference, theoretical limits computed for the 
withdrawal capacity Fax,Rk of the STS and the resistance 
of timber orthogonal to the grain Ft,90,k are also plotted. 
Additionally, By observing the curves, it emerges the 
sudden brittle behaviour of wood failure which clearly 
anticipates the withdrawal of the STS, and that opposes to 
the typical smooth curve that characterizes failure due to 
withdrawal. 
 

 

Figure 5: Load vs. displacement curves with lov = 60mm 

 

Figure 6: Load vs. displacement curves with lov = 100mm 

 

Figure 7: Load vs. displacement curves with lov = 140mm 

3.2 FORCE COMPARISON 
Figure 8 summarizes the results in terms of characteristic 
load bearing capacity between analytical and 
experimental values extrapolated for the three different 
values of lov. 
The intermediate overlapping length (lov = 100 mm) can 
be retained the reference point from where to start 
comparing the data as the comparison includes also the 
reference values of Fax,Rk (test W) obtained from the 
withdrawal tests. In this configuration, the joint was 
almost able to completely exploit the capacity of the STS 
without incurring into premature brittle failure of the 
wooden medium. Comparable values of Ftest,k, Fax,Rk 
(ETA) and Fax,Rk (Test) demonstrates it. 
This phenomenon gains more evidence for the 
configuration analysing the maximum overlapping length 
(lov = 140 mm) were Ftest,k was consistently higher the 
Fax,Rk calculated from the homologation document 
(+22.1%). On the opposite, the lowest overlapping length 
(lov = 60 mm), did not allow a sufficient load transmission 
between the couple of STSs, as can be seen by comparing 
the Ftest,k with the Fax,Rk calculated from the homologation 
document (-14.7%). 

  

Figure 8: Comparison of the analytical and experimental load 
bearing capacity for different lov 

3.3 FORCE TRANSMISSION IN WOOD 
Specimens involving a withdrawal failure were cut along 
the vertical plane containing the couple of STSs for a 
detailed visual inspection. Figure 9 and Figure 10 shows 
the different behaviour of the wood grain in case of STS 
arrangement parallel and perpendicular to the grain 
respectively. In the first case, it can be observed how the 
couple of screws involve the wood fibres between them 
which, given the short distance, worked in predominant 
shear. Observing the wood fibres near the screws but on 
the opposite direction it is also clear the length of the 
fibres involved in the resisting model during the screws 
withdrawal. 
In the second case, it is clear how no transfer between the 
overlapping length is visible. The orthogonal alignment of 
the wood fibres does not allow any interaction between 
the screws and force transmission is given only by the 
wooden medium, leading to frequent premature of the 
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timber element when splitting resistance is lower than the 
screws withdrawal capacity. 
 

 

Figure 9: Inspection of wood grain deformation on specimen 
140-0/5 after withdrawal failure 

 

Figure 10: Inspection of wood grain deformation on specimen 
100-90/5 after withdrawal failure 

4 CONCLUSIONS 
In this work, the possibility of transmitting axial forces 
between screws through the timber element, by partially 
overlapping the threaded parts was analysed. 
Results from experimental tests, varying both the 
penetration and the overlapping length, showed that only 
a balanced configuration between effective penetration 
length (i.e., withdrawal capacity) and overlapping length 
allowed to transmit high axial forces without incurring 
into brittle failures of the wooden medium. 
Future works may extend the studied configurations to 
different screws nominal diameters, different spacing 
between the opposed screws and possibly different screws 
as well. 
 
ACKNOWLEDGEMENT 
The authors would like to thank Eng. Alessandro Rubini 
for the help in performing the experimental tests during 
the development of his master thesis. 
 
REFERENCES 
1.  Ringhofer A, Brandner R, Schickhofer G (2015) 

Withdrawal resistance of self-tapping screws in 
unidirectional and orthogonal layered timber 
products. Mater Struct 48:1435–1447. 
https://doi.org/10.1617/s11527-013-0244-9 

2.  D’Arenzo G, Rinaldin G, Fossetti M, Fragiacomo 
M (2019) An innovative shear-tension angle 
bracket for Cross-Laminated Timber structures: 
Experimental tests and numerical modelling. Eng 
Struct 197:109434. 
https://doi.org/10.1016/J.ENGSTRUCT.2019.10
9434 

3.  Polastri A, Giongo I, Angeli A, Brandner R 
(2018) Mechanical characterization of a pre-
fabricated connection system for cross laminated 
timber structures in seismic regions. Eng Struct 
167:705–715. 
https://doi.org/10.1016/j.engstruct.2017.12.022 

4.  Marchi L, Pozza L (2021) Timber-concrete 
composite connections using GFRP notches 
fastened with self-tapping screws: Conceiving, 
numerical modelling and testing. Constr Build 
Mater 294:. 
https://doi.org/10.1016/j.conbuildmat.2021.1235
79 

5.  Marchi L, Ferretti F, Pozza L, Scotta R (2023) 
Role of fastenings in modifying the hysteretic 
response of panel-to-panel joints for CLT 
structures. Constr Build Mater 364:129856. 
https://doi.org/10.1016/J.CONBUILDMAT.2022
.129856 

6.  Mahlknecht U, Brandner R (2019) Block shear 
failure mechanism of axially-loaded groups of 
screws. Eng Struct 183:220–242. 
https://doi.org/10.1016/j.engstruct.2018.12.057 

7.  CEN (2009) EN 1995-1-1 Eurocode 5: Design of 
timber structures - Part 1-1 : General - Common 
rules and rules for buildings. CEN, Brussels, 
Belgium 

1435 https://doi.org/10.52202/069179-0195



8.  Ringhofer A, Brandner R, Blaß HJ (2018) Cross 
laminated timber (CLT): Design approaches for 
dowel-type fasteners and connections. Eng Struct 
171:849–861. 
https://doi.org/10.1016/J.ENGSTRUCT.2018.05.
032 

9.  CEN (1991) EN 26891 - Joints made with 
mechanical fasteners. General principle for the 
determination of strength and deformation 
characteristics. Brussels, Belgium 

10.  CEN (2016) EN 1382 Timber Structures — Test 
methods — Withdrawal capacity of timber 
fasteners. Brussels, Belgium 

11.  CEN (2016) EN 14358 Timber structures — 
Calculation and verification of characteristic 
values. Brussels, Belgium 

12.  CEN (2014) EN 14080 Timber structures — 
Glued laminated timber and glued solid timber — 
Requirements. Brussels, Belgium 

13.  DIBt (2016) ETA-11/0284 Screws for use in 
timber constructions 

  

 
  
 

1436https://doi.org/10.52202/069179-0195




