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Dear customers,

Wood is playing an increasingly important role in the construc-
tion industry, in particular due to its lower carbon footprint com-
pared to mineral building materials. However, designing timber 
structures can be especially complex for engineers with little or 
no prior experience using timber as a building material. In par-
ticular, screw-based fastening and reinforcement systems pose 
difficulties to designers due to the wide range of connection and 
reinforcement options, the verification methods and the regula-
tory execution requirements. The aim of this manual is therefore 
to provide practitioners with a clear and concise guide to fas-
tening systems using ASSY® screws in timber members.

The mechanical properties of ASSY® screws are defined in Euro-
pean Technical Assessment ETA-11/0190. In conjunction with 
design standards DIN EN 1995-1-1:2010, DIN EN 1995-1-1/
A2:2014 and DIN EN 1995-1-1/NA:2013 (collectively referred 
to as EC 5), the manual serves as a consolidated document that 
enables users to design connections using ASSY® screws with 
nominal diameters ranging from 6 mm to 14 mm.

Since the introduction of EC 5 in 2010, there have been signifi-
cant technical advancements in the field of timber construction. 
These developments will be regulated in forthcoming standard 
FprEN1995-1-1, referred to as Draft EC 5 here. At the time of 
publication of this manual, these advancements represent state-
of-the-art developments of the currently valid EC 5 regulations. 
Therefore, the updates have been incorporated in the relevant 
sections of this manual. We have deliberately refrained from pro-
viding new design approaches for which existing models already 
exist in EC 5, as Draft EC 5 has not yet been introduced into 
building regulations.

This manual was written by the following authors:

• Henning Ernst – SWG Engineering, Rülzheim, Germany
• Georg Krüger – SWG Engineering, Rülzheim, Germany
• �Dr.-Ing. Dietrich Töws –  

SWG Engineering, Rülzheim, Germany
• �Maximilian Westermayr –  

Adolf Würth GmbH & Co. KG, Künzelsau, Germany
• �Dr.-Ing. Lukas Windeck –  

SWG Engineering, Rülzheim, Germany

The technical editing of this manual was carried out by the 
following editors:

• �Prof. Dr.-Ing. Hans Joachim Blaß –  
BE Ingenieure GmbH, Karlsruhe, Germany

• �Univ.-Prof. Dr.-Ing. Philipp Dietsch –  
Karlsruher Institut für Technologie (KIT), Karlsruhe, Germany

Authors Editors

All approvals and standards referenced in this document reflect 
the versions valid at the time of publication of this manual.

The first part of this manual addresses the general aspects of 
the ASSY® screw technology, such as the various screw types 
and their applications, execution specifications and fundamental 
design principles (Sections 1 and 2). The second part provides 
further details on the load-bearing capacity and geometric 
design of differently shaped screw connections (Sections 3 and 
4), using calculation examples to illustrate the theory. The third 
part of the manual focuses on specific topics, such as the rein-
forcement of timber members using screws (Sections 6 to 11).

Best wishes from Künzelsau,

Thomas Klenk
Managing Director, Market Department

Foreword



Services relating to  
ASSY® wood screws

Free Würth design aids for timber construction

• Product overviews and news
• Approvals and certificates
• Design aids
• Selection and planning tools

Würth Technical Software II

Fast and simple timber construction design software

The various Würth Technical Software II modules can be used  
to help optimise your timber construction connections and save valuable 
time.

• �Versatile – modules for numerous applications in modern timber 
construction

• �Intuitive operation – for fast, efficient working
• �Validated software – with approvals and comprehensive product infor-

mation
• �Verifiable structural analysis printouts – for reliable documentation
• �Continuous advancement – tailored to the needs of our customers

Free download and further information available at 
https://www.wuerth.eu/web/en/technical_software

Load tables and application guides 
available
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1 �Screws and 
materials



1.1 Approval and monitoring

ASSY® wood screws have been approved for marketing within the European Economic Area in accordance with the Construction Products Regulation 
based on European Technical Assessment ETA-11/0190, the corresponding declaration of performance and CE marking. The performance characteristics 
defined in ETA-11/0190, such as tensile load-bearing capacity and withdrawal parameters, are continuously monitored and ensured through mandatory 
in-house production control and voluntary external production control by a notified body. This ensures safe and efficient products in the highest quality.

1.2 Screw types and their applications

Selecting the right screw can be challenging, as the various screw types have been developed to best meet the requirements of specific applications. To 
make it easier to choose the right type of screw from the wide range available, screws can first be divided into two groups: partially threaded screws and 
fully threaded screws.

1.2.1 Partially threaded screws
Partially threaded screws have a timber thread that extends from the screw tip over only a portion of the total length, as shown in Figure 1. The remaining 
length of the screw consists of the unthreaded screw shank and the screw head. 

milling elements

k ls lg

d h
ea
d d s

d 1 d

Figure 1: Partially threaded screw with component designations.

Partially threaded screws are generally used when two timber members need to be pulled together and connected without a gap. The screw is first inserted 
through member A into member B, with the thread portion being fully anchored in member B once the screwing process is complete. During tightening, the 
screw head begins to pull member A and member B together as soon as it comes into contact with the surface of member A, as shown in Figure 2. 

Open gap Closed gap

Member A Member B Member A Member B

Figure 2: Partially threaded screw with members during installation (left) and after installation (right).

Milling elements on the screw tip, at the transition to the screw shank and, in the case of countersunk heads, below the screw head, reduce the tightening 
torque and ensure clean countersinking of the screw head. A distinctive feature of ASSY® screws is the integrated milling shank; see milling elements in the 
thread at the transition to the shank in Figure 1. The thread flanks on the screw head extend beyond the milling shank to minimise the risk of injury from the 
sharp milling shank, which on conventional screws is located between the thread and the shank. The coarse thread of partially threaded screws has a large 
thread pitch to speed up tightening compared to screws with single-start thread, thereby enabling more efficient installation. 
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Double-thread screws are a special type of partially threaded screw; see Figure 3. The ASSY® Isotop, ASSY® P and ASSY® PII double-thread screws feature 
the same basic design as partially threaded screws, but with a second thread below the screw head. 

k lslg2 lg
d h

ea
d d s

d 1 d

Figure 3: Double-threaded screw with components.

The differing thread pitches (ASSY® PII) and outer diameters (ASSY® P) of the two threads makes it possible to pull two components together by approx. 1 
mm, whereas this is not limited with conventional partially threaded screws. The decisive advantage of the double-thread screws is the significantly higher 
head pull-through resistance than that of comparable partially threaded screws with countersunk head. Consequently, if the decisive failure case is the 
screw head being pulled through component A, double-threaded screws can achieve a significantly higher load-bearing capacity than comparable coun-
tersunk head screws.

1.2.2 Fully threaded screws
On fully threaded screws (Figure 4), the thread covers the entire length of the shank. This maximises the anchorage length of the screw in the timber and 
thus the withdrawal capacity against being pulled out in the direction of the screw axis. 

k lg

d h
ea
d

d 1 d

Figure 4: Fully threaded screw with components.

The more threads anchored in the timber, the greater the force required to pull the screw out of or into the timber. Therefore, in applications where high 
forces acting primarily in the direction of the screw axis need to be transmitted in component connections or reinforcements, fully threaded screws are pref-
erable to partially threaded screws due to their longer thread length. The wide variety of screw lengths available makes it easy to achieve deep embed-
ment depths. The special single-start thread on fully threaded screws reduces the screw-in torque even with very long thread engagement lengths, which 
enables greater control, for example when precisely tightening screws to mount metal fixtures on timber.
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1.3 Head shapes

The screw feature with the greatest number of variants is the screw head. A wide range of screw head geometries are available to suit different applica-
tions. The head shapes can be classified into those suitable for connecting metal parts to timber and those optimised for maximum countersinking of the 
screw head in the timber or for a high head pull-through parameter. Table 1 provides an overview of the most common screw head shapes used in timber 
construction and the head diameters dhead for the nominal diameters available in the ASSY®. range. The nominal diameter is the outer thread diameter d.

Table 1: Screw head shapes with nominal diameter d and corresponding screw head diameters dhead.

CSMP CS CSMR A2 CSMR-WW CH ETX Pan-JH Pan COMBI WH WH II WH A2

d  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

dhead  
in mm

5.0 9.5 9.6a - 9.5 - - 8.0 10.0b - 12.0 - -
5.5 - - 10.0 - 6.8c - - - - - - -
6.0 12.0 12.0d - 10.4 8.2 - - 12.0b 9.0 14.0 - 14.0
6.5 - - 12.0 - - - - - - - - -
8.0 15.0b - - - 10.0e - - 14.5c 12.0 22.1 18.4 18.9
10.0 18.5 20.0 - - 13.4e - - - 15.0f 25.2 - -
12.0 22.5 - - - - - - - 17.0f 29.4 - -
14.0 - - - - - 18.0 - - - - - -
a Diameter also available in A2, 1.4529 or 1.4539
b Diameter also available in A2
c Diameter only available in A2
d Diameter only available in A2, 1.4529 or 1.4539
e For the ASSY® Isotop, with a tip thread of 8 mm and underhead thread of 10 mm, the head diameter is dhead = 11 mm.
f �For the ASSY® 4 COMBI T, screws with nominal diameters of 10 mm and 12 mm have a width across flats of 17 mm, so the head diameter can be given as dhead =17 mm.

Regulation: ETA-11/0190

Explanation
CSMP Countersunk head with milling pockets
CS Countersunk head
CSMR A2 Countersunk head with milling ribs on A2 screws
CSMR-WW Countersunk head with milling ribs, high collar and large RW drive
CH Socket head
ETX External TX head
Pan-JH Joist hanger screw head
Pan Pan head
COMBI Combination screw head with shank reinforcement
WH Washer head
WH II Washer head II
WH A2 Washer head on A2 screws (dhead reduced for d = 8 mm)

Screws with a CSMP head have milling pockets to create a clean countersink when screwed into timber, but also fit precisely into countersunk holes in 
steel fixtures. The CS head is primarily suitable for creating timber-to-steel connections where the screw heads need to be flush with the steel member and 
are countersunk accordingly. The CS head is also suitable for countersinking in timber. The CSMR and CSMR-WW head shapes have milling ribs and are 
optimised for clean countersinking in timber, but are less suitable for timber-to-steel connections. The WW variant provides an especially deep and secure 
fit of the bit in the screw head drive, which prevents the bit from slipping and spinning in the screw drive. The heavily reduced geometry of the CH head not 
only allows for very inconspicuous timber-to-timber connections, but also generates only minimal additional splitting forces when the screw head is coun-
tersunk into the timber. The external drive of the ETX head enables maximum power transmission while screwing and is therefore used on fully threaded 
screws with the largest diameter of 14 mm.

Screw heads are primarily suitable for creating timber-to-steel connections, as their underhead geometry ensures the most precise fit possible in the steel 
fixtures. Care must be taken to ensure that the screws are tightened correctly using a screwdriver with the specified torque limits. With its underhead rein-
forcement, the Pan-JH head is a development of the Pan head and forms a secure connection between steel and timber (e.g. in shear angles or tension 
ties). The COMBI head is suitable for highly stressed timber-to-steel connections. Similar to the Pan-JH head, the diameter of the underhead reinforcements 
fits precisely into the bore of the steel fixture, while the underside of the hexagon head presses the steel fixture against the timber member. In addition to the 
RW internal drive, the hexagon head ensures reliable transmission of the tightening torque.
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Finally, the WH and WH II washer head variants enable timber members to be securely pulled together and offer increased resistance to pull-through 
forces on the screw head. The WH II head can be screwed flush with the timber surface for a visually appealing finish.

Many of the screw heads depicted can also be used in combination with various washers. In addition to classic washers, such as countersunk or DIN 
washers that increase member pull-together forces or head pull-through resistance, various angled washers are available to enable precise 45° sheet 
timber-to-steel connections, for example. Relevant washers are regulated in various sources, such as the annex of ASSY® ETA-11/0190.

1.4 Screw tips

ASSY® screws are available with two types of tips: the classic needle tip and the drill tip optimised for maximum cutting capacity; see Figure 5.

ASSY® needle tip ASSY®plus drill tips

Figure 5: Most common tip geometries.

With the ASSY® needle tip (Table 2, columns 2 and 3), the screw thread extends to the conical screw tip, allowing for precise positioning and immediate 
pull-in of the screw in the timber. The milling elements in the thread at the needle tip (see Figure 5) reduce the screwing torque during screwing by effec-
tively enlarging the screw channel for the following threaded section. The ASSY®plus drill tips with the "plus" suffix (Table 2, columns 4 and 5) feature spe-
cial cutting edges that are designed to match the screw speed determined by the thread pitch while screwing in and essentially perform three functions. 
Firstly, the improved drilling performance reduces the screw-in torque compared to the classic needle tip, thereby minimising the stress on both the screw 
and the user during installation. Furthermore, the ASSY®plus drill tip significantly reduces splitting forces while screwing in. Particularly when there are small 
edge distances between the screws in the timber cross-section, cracking and splitting of the timber are effectively reduced, and smaller edge and minimum 
distances can be used in accordance with ETA-11/0190 compared to the classic needle tip. Finally, the ASSY®plus centring and Forstner bit tips (Table 2, 
column 4) are particularly suitable for coated and brittle engineered woods as they prevent surface chipping. Table 2 shows the tip/thread combinations 
that are most important for structural engineering. There are also further possible combinations in accordance with ETA-11/0190.

Table 2: Tip geometries and thread core diameters d1 in mm.

ASSY® ASSY® A2 ASSY®plus ASSY®plus

d in mm d1 in mm d1 in mm d1 in mm d1 a) in mm

5.0 3.2 3.2 3.2 3.2
6.0 3.9 3.9 3.9 3.8
8.0 5.3 5.0 5.3 5.0
10.0 6.3 - - 6.2
12.0 7.2 - - 7.1
14.0 - - - 8.5
a ASSY®plus VG 4 screws always have a drill tip without centring

Regulation: ETA-11/0190
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1.5 Corrosion

The requirements for the corrosion protection of screws are provided in EN 1995-1-1 and for Germany in DIN SPEC 1052-100. The requirements for 
corrosion protection are comprised of service classes 1-3 in accordance with EN 1995-1-1 and corrosion categories C1-C5 of DIN EN ISO 12944-2 
(see Table 3). The services classes describe the environmental climatic conditions and the corrosion categories describe the corrosiveness of the environ-
ment.

Table 3: Environmental corrosion categories.

Corrosion category Examples of typical environments 
(for information only)
Outdoors Indoors

C1 – very low - Heated building with neutral atmosphere, e.g. offices, sales 
rooms, schools, hotels

C2 – low Atmospheres with low degree of pollution: mostly rural areas Unheated buildings where condensation can occur, e.g. storage 
facilities, sports halls

C3 – medium Urban and industrial atmospheres with moderate levels of sulphur 
dioxide pollution: coastal atmosphere with low salt exposure

Production facilities with high humidity and some air contamina-
tion, e.g. food processing plants, laundries, breweries, dairies

C4 – high Industrial and coastal atmospheres with moderate salt exposure Chemical plants, swimming pools, coastal shipyards and marinas
C5 – very high Industrial areas with high humidity and aggressive atmospheres 

and coastal atmospheres with high salt exposure
Buildings and areas with near-constant condensation and heavy 
pollution

CX – extreme Offshore areas with high salt exposure and industrial areas with 
extreme humidity and aggressive atmospheres, as well as subtrop-
ical and tropical atmospheres

Industrial areas with extreme humidity and aggressive atmos-
pheres

Regulation: DIN EN ISO 12944-2

In Germany, the requirements for corrosion protection described in Table 4 are determined by the relationship between the service class and the corrosion 
category.

Table 4: Requirements for corrosion protection.

Corrosion category C1 – very low or 
C2 – low

C3 – medium C4 – high C5 – very high

Service class SC 1 SC 2 SC 3 SC 1 SC 2 SC 1, 2, 3 SC 3
Screws with d > 4 mm None None Fe/Zn 25c a) None b), c) None b), c) Average zinc layer 

thickness 55 µm
Suitable stainless  
steel d), e)

a) �If sheet steel is hot-dip galvanised, Fe/n 12C must be replaced by Z275, and Fe/Zn 25C by Z350 in accordance with EN 10346.  
If dowel-type fasteners undergo hot dipping, Fe/Zn 12C must be replaced by a zinc layer of at least 39 µm and Fe/Zn 25C by a zinc layer of at least 49 µm in accordance with EN ISO 1461.

b) For sheet timber-to-steel connections with external metal sheets, screws must have an average zinc layer thickness of at least 7 µm.
c) For single-sided anchors made of sheet steel, an average zinc layer thickness of at least 55 µm must be applied.
d) e.g. stainless steels for the corresponding corrosion resistance classes in accordance with DIBt national technical approval Z-30.3-6
e) �For fasteners completely enclosed in timber or engineered wood in the area relevant to load-bearing capacity (e.g. dowels, fully threaded screws), an average zinc layer thickness of at least 55 µm is sufficient.

Regulation: DIN SPEC 1052-100

For screws with a diameter of d > 4 mm, no corrosion protection is required for service classes 1 and 2 with very low (C1) or low (C2) exposure to corro-
sion. In service class 3, screws with a diameter of d > 4 mm must have a greater zinc layer thickness or be made of stainless steel when used in corrosion 
categories C1 and C2. For corrosion categories C3-C5, the special corrosion protection regulations listed in the table apply.

As a corrosion protection measure, ASSY® screws made of carbon steel are electro-galvanised as standard, even though this is not required by DIN SPEC 
1052-100 in some cases. In electro-galvanising, a sacrificial layer of zinc with a thickness of at least 8 μm is formed on the screw surface for screws with a 
diameter of d > 4 mm, protecting the underlying carbon steel. Only after the protective zinc layer has degraded as white rust does the carbon steel begin 
to corrode in the form of red rust. In addition to electro-galvanising, ASSY® screws are blue passivated to further enhance the corrosion protection while 
avoiding the use of harmful chromium (VI). Special attention must be paid to corrosion when using timber types containing tannins, such as oak, chestnut, 
Douglas fir or tropical timbers. The same applies to modified timbers, for example those treated with preservatives, fire protection coatings and impregna-
tions, and to thermally modified timber. Timber with a low pH value can lead to increased corrosion, usually in combination with increased timber moisture 
levels above 15 %. If the corrosion protection provided by electro-galvanised screws is insufficient for the application, for example in timbers containing 
tannin and with increased moisture content as described above or generally in service class 3, stainless steel ASSY® screws are used. Depending on the 
required corrosion resistance class (CRC), certain ASSY® screws are available in A2 stainless steel for CRCII, A4 for CRCIII or HCR (1.4539 for CRC IV 
and 1.4529 for CRC V).

When fastening metal fixtures to timber using screws, care must be taken to avoid contact corrosion. Contact corrosion occurs when two different precious 
metals come into direct contact, such as an aluminium sheet fastened with carbon screws, and a corrosive medium is present at the contact point, such as 
condensation from high humidity. Contact corrosion can be prevented by placing a non-conductive layer between the two precious metals.
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1.6 Design of a screwed connection

Proper design and execution are key to creating safe and efficient screwed connections. The saying "a screw is not just a screw" applies here, because for 
safety and redundancy reasons, load-bearing connections must always consist of two or more screws. Exceptions to this rule include the fastening of form-
work, support and counter battens, intermediate connections of builders band, rafters and purlins to trusses and wall plates as well as crossbeams to timber 
frames, provided that the trusses, wall plates and timber frames are also screwed together with at least two screws. Another exception is in connections 
where the screw thread is embedded at least 20 d into the timber and the screw is designed to be subjected exclusively to axial loads. However, the load-
bearing capacity of the screw must be reduced to 50 % for these connections. The load-bearing capacity does not need to be reduced if the screw is used 
to reinforce timber members perpendicular to the grain direction.

ASSY® wood screws have been tested and approved for static and quasi-static loads. ASSY® wood screws are not permitted for use under fatigue loads.

1.7 Mechanical properties of the screws required for the design

Table 5: Characteristic value of the yield strength fy,k in N/mm².

fy,k

ASSY®plus VG and ASSY® VG made of carbon steel 900 N/mm²
Regulation: ETA-11/0190

Table 6: Characteristic yield moment My,k in kNm.

Outer thread diameter d in mm
Screw type and material 5 6 8 10 12 14
ASSY® made of carbon steel 5.9 10 23 36 58 -
ASSY® made of stainless steel 2.8 5.5 11 20 - -
ASSY®plus VG made of carbon steel - 9 23 40 62 86
Regulation: ETA-11/0190

Table 7: Characteristic tensile resistance ftens,k in kN.

Outer thread diameter d in mm
Screw type and material 5 6 8 10 12 14
ASSY® made of carbon steel 7.9 12.5 21.5 26 41 -
ASSY®plus VG made of carbon steel - 11.5 22 33 47 62
ASSY® made of stainless steel 5.2 8.2 14 19 - -
Regulation: ETA-11/0190

Table 8: Characteristic withdrawal parameter fax,k in N/mm².

ρk  
in kg/m³

ρref,k  
in kg/m³

Outer thread diameter d in mm
Engineered wood 5 6 8 10 12 14
ST/FST, GL, CLT, SWP, LVL made of softwood ≤ 590 350 13 12 11.5 11 10
Beech LVL in accordance with ETA-14/0354 ≤ 730 730 35 -
OSB/3, OSB/4 ≥ 550 = ρk 7.0 - - - -
Chipboard ≥ 640 = ρk 7.0 - - - -
Regulation: ETA-11/0190

14 ASSY® screws – Manual for ETA-11/0190 This document is a planning aid.  
The values provided must be verified by authorised persons before application.



Table 9: Characteristic head pull-through parameter fhead,k in N/mm2.

fhead,k in N/mm² dhead in mm Application, head shape ρref,k in kg/m³

For member thicknesses t < 12 mm
8 ≤ 32 For all specified engineered woods, Fpull,k ≤ 400 N 350
For member thicknesses 12 mm ≤ t ≤ 20 mm

8 ≤ 32 For all specified engineered woods 350
For member thicknesses t > 20 mm
min{19.4 – 0.28 · dhead; 14} - 90° countersunk head, for all specified engineered woods 350
min{28.4 – 0.64 · dhead; 15} ≤ 30 180° washer head, for all specified engineered woods 350
13 ≤ 19 Other head shapes, for all specified engineered woods 350
10 > 19 Other head shapes, for all specified engineered woods 350
15 - Jamo und Jamo plus 350
23 - Underhead thread 350
18 - P II screws d = 8 mm with underhead thread 350
40 – 0.5 · dhead ≤ 25 In beech LVL with 590 kg/m³ ≤ ρk ≤ 750 kg/m³ and t ≥ 40 mm 350
16 25 d = 8 mm with angled washers in LVL with ρk ≤ 590 kg/m³ 500
32 25 d = 8 mm with angled washers in beech LVL with ρk ≥ 680 kg/m³ and t ≥ 40 mm 730
Regulation: ETA-11/0190

Table 10: Characteristic value of the breaking torque ftor,k in Nm.

Outer thread diameter d in mm

Screw type and material 5 6 8 10 12 14
ASSY® made of carbon steel 6.0 10.0 23.0 45.0 65.0 -
ASSY®plus VG made of carbon steel - 10.5 25.0 47.0 76.0 115
ASSY® Isotop made of carbon steel - - 20.0 a)

12.0 b)
- - -

ASSY® made of stainless steel 4.0 b) 7.3 b) 17.0 b)

17.5 d)
30.0 b) - -

a) Characteristic value of the breaking torque on the screw head
b) Characteristic value of the breaking torque on the thread with screw tip
c) Characteristic value of the breaking torque on ASSY® P screw screw heads
d) Characteristic value of the breaking torque for solar roof screws

1.8 Materials with fastening approval

Materials that can be fastened and dimensioned for load-bearing connections or reinforcements are listed in Table 58 and Section 3.2.

Draft EC 5 introduces two product groups: solid wood-based (SWB) and veneer based (VB) timber products. The first group includes structural lumber (SL), 
glued solid timber (GST), glued laminated timber (GL) and cross-laminated timber (CLT). The second group includes laminated veneer lumber (LVL), glued 
laminated veneer lumber (GLVL) and plywood (PW). These terms and abbreviations are used in this manual. For other commonly used terms from the Draft 
EC 5 nomenclature, see Table 57.

Steel parts and panel materials should only be positioned on the head side – i.e. panels can be mounted onto timber members using screws, but screws 
must not be anchored through timber members into panels on the screw tip side. If a value for the withdrawal parameter fax,k is specified in Table 8 or in the 
corresponding approval (e.g. for solid wood panels, chipboard or OSB panels), a connection in which screws are anchored through a timber member into 
such a panel on the tip side is permitted.

If a connection with a panel is arranged between two timber members and screwed so that the screws engage in all three members, such a connection 
with an interlayer is approved as load-bearing. (see Section 4.9).
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2 Design



2.1 Pre-drilling/pilot drilling

Pre-drilling timber members when using screws reduces
•	 	the screw-in torque,
•	 	splitting
•	 	and movement of the screw in the timber,
particularly when using slim screws. This means that pre-drilling or using ASSY®plus screws with a drill tip in softwood reduces the required minimum 
spacing. In general, ASSY® screws with an outer diameter of d < 8 mm, particularly ASSY®plus screws with a drill tip, can be inserted in softwood without 
pre-drilling. Screws with an outer diameter of d ≥ 8 mm can be screwed into spruce, fir and pine without pre-drilling. For hardwood with an increased ten-
dency to splitting and a higher screw-in torque, such as beech, oak and ash, pre-drilling is always required. The relevant pre-drilling diameters for the dif-
ferent outer diameters are specified in Table 11.

Table 11: Pre-drilling diameters for softwood, hardwood and glued laminated veneer lumber made of beech.

Outer thread diameter d in mm Nominal drill bit diameter with a tolerance of ± 0.1 mm
Timber members made of softwood Timber members made of beech, oak 

or ash
Timber members made of beech GLVL, 
ETA-14/0354

5 3.0 3.5 4.0
6 4.0 4.0 4.5
8 5.0 6.0 6.5
10 6.0 7.0 8.0
12 7.0 8.0 9.0
14 8.0 9.0 11.0
Regulation: ETA-11/0190

An exception to the regulations for hardwood is beech LVL in accordance with EN 14374 or ETA-14/0354, into which ASSY® and Jamo screws, both made 
of carbon steel, can be screwed up to certain maximum lengths without pre-drilling. These maximum lengths correspond to the values in Table 12.

Table 12: Permissible thread lengths without pre-drilling in beech laminated veneer lumber (LVL).

Outer thread diameter d in mm Maximum length of thread engagement of the screw's threaded section without 
pre-drilling in mm
ASSY®plus and Jamo plus ASSY® and Jamo screws without drill tip

5 - 50
6 30 60
7 - 70
7.5 - 75
8 48 80
10 80 100
12 96 -
Regulation: ETA-11/0190

If screws with thread lengths longer than those specified in Table 12 are to be screwed into beech LVL in accordance with EN 14374 or ETA-14/0354, the 
timber must be pre-drilled for the entire screw length with the diameter as specified in Table 11, column 4.

Stainless steel screws can be screwed into softwood members without pre-drilling. Hardwood members must be pre-drilled when using stainless steel 
screws.

When arranging crossing screws, care must be taken to ensure that the screws do not collide with each other during installation. Collisions can strip the 
threads, meaning that the required pull-out resistance of the screw can no longer be guaranteed. For this reason, it is recommended to plan sufficient 
spacing between crossing screws or to use pilot holes during installation.

In cases where pre-drilling is not required, the use of pilot holes may be recommended. Pilot holes are not pre-drilled for the entire length of the screw, 
but typically 10 to 50 % of the screw length. Particularly for ASSY®plus screws with drill tip, this results in faster engagement in the timber, lower screw-in 
torque and ensures correct positioning of the screw in the timber member. The latter is especially important for slim screws and with small minimum or edge 
distances. For ASSY®plus fully threaded screws with an outer diameter of 14 mm and a screw length of l ≥ 800 mm, a pilot hole with a diameter of 8 mm 
and a length of ≥ 10 % of the screw length is required in softwood. Appropriate drilling jigs and drill stands can be used to ensure the correct positing and 
angle of the hole, and deep hole drilling systems are recommended for very long screws. When installing on-roof insulation systems, the screw must be 
screwed from the counter batten through the insulation and into the rafter in a single process.

17ASSY® screws – Manual for ETA-11/0190



pilot hole

pre-drilling

Figure 6: Member pre-drilled and with pilot hole.

2.2 Screwing in

When screwing in, it must be ensured that the wood moisture content of the member corresponds to the equilibrium wood moisture content at the place of 
installation.
 

(2.1)

Changes to the moisture content of the timber member can lead to high internal stresses in the screws and surrounding timber, as well as to cracks in timber 
members, both of which can result in reduced load-bearing capacity. The extent of these effects depends on the length of the screw/screw thread, the 
angle of the screw in relation to the grain and the number of adjacent screws, with all three factors having a progressively more negative impact as they 
increase. For pre-assembled screwed connections, adequate weatherproofing of the members must thus be ensured before transportation and installation.

To ensure that the correct screw position, such as the screw-in angle, can be reproduced in the timber, suitable screw-in aids or positioning templates should 
be used (see Figure 7). Before screwing in, the components to be connected must be secured, for example with screw clamps, to prevent gaps from forming 
and the members from separating during the screw-in process.
 

     

Figure 7: Screw-in aid.

It must be ensured that the screws are not screwed into shrinkage cracks or similar weak points.

Screws must not be reused, i.e. they must not be screwed into one member, removed and screwed into another member.
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Long screws should be screwed in continuously without interruption until they reach their final position. This is because the heat generated by screwing in 
the screw can cause the timber components to melt, and if the screwing process is interrupted, these components cool down and the screw can stick to the 
timber. Furthermore, when continuing the screwing process after an interruption, there is an increased initial torque due to static friction between the screw 
thread and the screw shank in the timber.

If the screw head touches the timber surface and is countersunk flush, this is referred to as a "soft joint". Screws with pan, top, washer, joist hanger, com-
bination, hexagon or external TX head are not countersunk and protrude above the timber surface. Unlike soft joints, in hard joints the screw head comes 
into contact with a steel fixture. Screws in timber-to-steel connections should be inserted in a single operation until just before the screw head makes con-
tact with the surface. Just before the screw is seated, it is recommended to reduce the screw-in speed so that the screw is not subjected to excessive stress 
caused by the abrupt seating of the head on the metal fixture and the associated sudden increase in torque. The remaining thread length must be tightened 
until the head makes contact with the steel fixture in a controlled manner to a defined torque. This prevents the screw from being subjected to excessive 
stress and ensures uniform load distribution on the individual screws. The following procedure is recommended:
•	 	Screw in the screw until just before the head is seated
•	 	Immediately measure the prevailing torque MW at a constant continuing rotational speed for approximately one complete revolution
•	 	Calculate the maximum permissible tightening torque MA,max using the following equation:  

•	 	Tighten the screw head with the designed tightening torque until the head is seated.

The above procedure is intended to ensure that screws are tightened with only the necessary amount of torque, up to a maximum of 90 % of the breaking 
torque ftor,k (values for ftor,k see Table 10). In general, torque wrenches or other torque-controlled screwdrivers are suitable for tightening screws to a defined 
torque.

Any screwdrivers that tighten with an undefined torque are not suitable. In particular, impact drivers should never be used 
to tighten screws in timber-to-steel connections. After the steel member is installed, it is essential to check that the connection has been carried 
out properly. This includes visually inspecting all accessible members for damage and, in particular, checking that the screw heads are properly seated in 
the steel member.

An optimal mechanical interlock between the screw head and the steel fixture must be ensured, e.g. by creating suitable countersinks in the fixture when 
using countersunk head screws. The bore in the fixture, particularly in the contact surface with the screw head, must be precisely created to ensure that the 
screw head sits flush against the fixture. Screw heads with milling ribs (CSMR) are not suitable for fastening steel fixtures.

To prevent damage to the screw thread and misalignment of the screw head in the fixture, the screw thread must not come in contact with the bore in the 
fixture.

These regulations also apply to the fastening of washers. Washers must be flush with the timber surface or with the surface of the steel fixture.
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3 �Axially loaded 
screws



3.1 Failure mechanisms of axially loaded screws

The following failure mechanisms can occur in axially loaded screws:

Resistivity Characteristic head pull-
through resistance

Characteristic pull-out 
resistance

Characteristic tensile 
resistance

Characteristic buckling 
resistance

Formula symbols Fpull,k Fw,k Ft,k Fc,k

Schematic representation

Description Pull-in or pull-through of the 
screw head 

Pull-out of the screw thread Shear-off of the screw Buckling of the screw under axial 
compressive load

Section 3.2 3.3 3.4 3.5

Figure 8: Failure mechanisms of axially loaded screws.

3.2 Characteristic head pull-through resistance

The characteristic head pull-through resistance can be designed as follows:
 

(3.1)

Where:

fhead,k	 Characteristic head pull-through parameter in N/mm² in accordance with Table 13

dhead	 Head diameter or outer diameter of the washer in mm

ρk 	 Characteristic bulk density of the head-side member in kg/m³

ρref,k	 Reference bulk density in kg/m³

For all ASSY® self-drilling wood screws used in combination with the materials in the following list, the characteristic values of the head pull-through 
diameter fhead,k in accordance with Table 13 apply.
•	 	Solid timber (ST/FST) made of softwood, beech, oak or ash in accordance with EN 14081-1
•	 	Glued solid timber (GST) made of softwood in accordance with EN 14080 or the national regulations applicable at the installation site
•	 	Glued laminated timber (GL) made of softwood in accordance with EN 14080
•	 	Glued laminated timber made of beech, oak or ash in accordance with the European technical assessment or the national regulations applicable at the 

installation site
•	 	Cross-laminated timber (CLT) made of softwood in accordance with the European technical assessment or the national regulations applicable at the 

installation site
•	 	Solid wood panels (SWP) in accordance with EN 13353 and EN 13986
•	 	Laminated veneer lumber (LVL) made of softwood in accordance with EN 14374
•	 	Glued laminated veneer lumber (GLVL) made of beech in accordance with ETA-14/0354
•	 	Plywood (PW) in accordance with EN 636 and EN 13986
•	 	Oriented strand board (OSB) in accordance with EN 300 and EN 13986 where ρk ≥ 550 kg/m³
•	 	Chipboard in accordance with EN 312 and EN 13986
•	 	Fibreboard in accordance with EN 622-2, EN 622-3 and EN 13986
•	 	Cement-bonded chipboard in accordance with EN 634-2 and EN 13986
•	 	Gypsum plasterboard for load-bearing applications in accordance with the European technical assessment where ρk ≥ 650 kg/m³
•	 	Fermacell gypsum fibreboard in accordance with ETA-03/0050

21ASSY® screws – Manual for ETA-11/0190



Table 13: Characteristic head pull-through parameter fhead,k in N/mm2.

fhead,k in N/mm² dhead in mm Application, head shape ρref,k in kg/m³
For member thicknesses t < 12 mm

8 ≤ 32 For all specified engineered woods, Fpull,k ≤ 400 N 350
For member thicknesses 12 mm ≤ t ≤ 20 mm

8 ≤ 32 For all specified engineered woods 350
For member thicknesses t > 20 mm
min{19.4 – 0.28 · dhead; 14} - 90° countersunk head, for all specified engineered woods 350
min{28.4 – 0.64 · dhead; 15} ≤ 30 180° washer head, for all specified engineered woods 350
13 ≤ 19 Other head shapes, for all specified engineered woods 350
10 > 19 Other head shapes, for all specified engineered woods 350
15 - Jamo und Jamo plus 350
23 - Underhead thread 350
18 - P II screws d = 8 mm with underhead thread 350
40 – 0.5 · dhead ≤ 25 In beech LVL with 590 kg/m³ ≤ ρk ≤ 750 kg/m³, t ≥ 40 mm 350
16 25 d = 8 mm with angled washers in LVL with ρk ≤ 590 kg/m³ 500

32 25
d = 8 mm with angled washers in beech LVL or GLVL in accordance with ETA-14/0354 where ρk ≥ 680 
kg/m³ and t ≥ 40 mm 730

Regulation: ETA-11/0190

The following bulk densities can be applied for certain materials:
•	 	Beech, oak or ash timber ρk ≤ 590 kg/m³
•	 	Laminated veneer lumber (LVL) made of softwood ρk ≤ 590 kg/m³
•	 	Laminated veneer lumber (LVL) made of beech or GLVL (ETA-14/0354) ρk ≤ 730 kg/m³
•	 	All listed engineered wood ρk ≤ 380 kg/m³

For the head diameter: dhead ≥ 1.8 ∙ ds where ds is the diameter of the unthreaded shank or the thread core. If dhead < 1.8 ∙ ds, the characteristic value of the 
head pull-through resistance is Fpull,k = 0 kN.

For engineered wood, the minimum member thickness of 1.2 · d (where d is the outer thread diameter) and the specifications in Table 14 must be observed.

Table 14: Minimum thickness t of engineered wood.

Engineered wood Minimum thickness t in mm Material standard
Plywood 6 DIN EN 636
Fibreboard 6 DIN EN 622-2

DIN EN 622-3
OSB 8 DIN EN 300
Chipboard 8 DIN EN 312
Cement-bonded chipboard 8 DIN EN 634-2
Solid wood panels 12 DIN EN 13353
Regulation: ETA-11/0190

In Fpull,k or fhead,k for washers with dhead > 32 mm, the procedure according to EC 5, Section 8.5.2 must be applied.

For all fully threaded ASSY® screws and ASSY® screws with underhead thread, the pull-out resistance of the threaded section in the timber member on the 
screw-head side can be used instead of the head pull-through resistance (see Figure 9). This also applies to partially threaded ASSY® screws, provided that 
a sufficient portion of the thread embeds in the timber member on the screw-head side, where lw ≥ 4 ∙ d. Figure 9 shows various scenarios. On the left of 
the figure is an ASSY®plus VG with CSMP head, and in the centre and on the right is an ASSY® screw with partial thread and WH head (centre) and with a 
combination head and washer (right). In each case, the maximum value derived from the characteristic head pull-through and withdrawal resistances of the 
threaded length can be used.

22 ASSY® screws – Manual for ETA-11/0190 This document is a planning aid.  
The values provided must be verified by authorised persons before application.



countersunk head
CSMP

washer head
WH

hexagon head
+ washer

Figure 9: Head pull-through or withdrawal resistance of the threaded length in the screw-head side of the member.

In timber-to-steel connections, the head pull-through resistance of the screws is not considered.

3.3 Characteristic pull-out resistance

The characteristic pull-out resistance of a screw applies to both axial loads (tensile and compression) and is generally designed using Eq. (3.2). Angles ε 
and βare defined in Figure 10.

(3.2)

Where:

	 Factor to account for the angle ε between the screw axis and the grain direction

(3.3)

(3.4)
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Where

	

Note:
The factor kax can also be designed as follows for ε ≥ 15° and lw ≥ 20 d:

(3.5)

This consideration leads to a minor increase in the load-bearing capacity for LVL in the range of 15° ≤ ε ≤ 21° and 15° ≤ ε ≤ 24° for all other 
materials compared to Eq. (3.4).

	 Factor to account for the angle β between the screw axis and the wide face

	 for ST, GL, GST, CLT and SWP

	 for LVL

	 Characteristic withdrawal parameter in N/mm² in accordance with Table 15

	 Outer thread diameter in mm

	 Anchorage length of the threaded section of a screw (including the screw tip) in mm

	 Characteristic bulk density of the timber member in kg/m³

	 Reference bulk density in kg/m³

	 Angle between the screw axis and wide face

	 Angle between the screw axis and grain direction
	 If 0° ≤ ε ≤ 90°, the full thread length in the member can be used.

 

Figure 10: �Definition of angles between the screw and member. (1) Wide face, (2) narrow face, (3) end grain surface, angle between (α) force and grain 
direction, (β) screw axis and wide face, (δ) screw axis and shear plane, (ε) screw axis and grain direction.
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Table 15: Characteristic withdrawal parameter fax,k in N/mm².

Engineered wood ρk in 
kg/m³

ρref,k in 
kg/m³

Outer thread diameter d in mm

5 6 8 10 12 14
ST/FST, GL, CLT, SWP, LVL made of softwood ≤ 590 350 13 12 11.5 11 10
GLVL made of beech (ETA-14/0354) ≥ 730 730 35.0 -
OSB/3, OSB/4 ≥ 550 = ρk 7.0 - - - -
Chipboard ≥ 640 = ρk 7.0 - - - -
Regulation: ETA-11/0190

The characteristic values of the withdrawal parameters also apply to cross-laminated timber layers made of softwood. 

If screws in a cross-laminated timber connection are embedded in more than one layer, the characteristic withdrawal capacity can be designed as the sum 
of the individual load-bearing capacities of the panel layers, regardless of whether the screw is driven into the side face or the narrow face. The anchorage 
length lw, the angle between the screw axis and grain ε and the characteristic bulk density ρk parameters for the respective panel layer must be taken into 
account.

The following regulations apply to screws driven into narrow faces.

Size equation (independent of the angle ε and the position of the panel layers)
The characteristic pull-out resistance of screws arranged in the narrow face of cross-laminated timber can be designed using Eq. (3.6) (Fw,k in N, d and lw 
in mm), regardless of their position or the angle between the screw axis and grain direction.

(3.6)

Defined position in the inner panel layers
If screws in the narrow face of cross-laminated timber are embedded in a single inner panel layer, the characteristic pull-out resistance can be determined 
using Eq. (3.2). In cross-laminated timber with five layers, for example, the inner layers would be layers 2 and 4. The distances between the screws and 
the edges of the panel layer are the same as for solid wood in Table 30, but the distance from the glue joint can be reduced to 2 ∙ d; see Figure 11. In this 
case, screws should only be screwed in at ε = 90° (Figure 11, left: screwing into layer 3 permitted; right: screwing into layers 2 and 4 permitted).

The respective regulations from the cross-laminated timber approvals must be observed.
 

Figure 11: Defined screw positions for inner panel layers on the narrow face.
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3.4 Characteristic tensile resistance of a screw

The characteristic tensile resistance of a screw is the maximum axial tensile force at which the steel cross-section of the screw fails (shears off). Values can 
be taken from Table 16. The following applies:

(3.7)

Table 16: Characteristic tensile resistance ftens,k in kN.

Outer thread diameter d in mm

Screw type and material 5 6 8 10 12 14
ASSY® made of carbon steel 7.9 12.5 21.5 26 41 -
ASSY®plus VG made of carbon steel - 12.5 22 33 45 62
ASSY® made of stainless steel 5.8 8.2 14 19 - -
Regulation: ETA-11/0190

3.5 Characteristic buckling resistance

Screws subjected to axial compressive loading may fail due to buckling (see Figure 12). The following prerequisites apply when calculating the 
characteristic buckling resistance:
•	 	ASSY®plus VG screws and fully threaded or double-thread ASSY® screws
•	 	Screws in wood materials made of softwood or hardwood, solid timber (ST/FST), laminated veneer lumber (LVL), glued solid timber (GST), glued 

laminated timber (GL) and cross-laminated timber (CLT)
•	 	Angleε between the screw axis and the grain direction of 0° ≤ ε ≤ 90°

The characteristic buckling resistance of a screw is generally designed using Eq. (3.8). For elastically bedded screws, an additional calculation is per-
formed in accordance with Draft EC 5 using Eq. (3.12), (3.13), (3.14) and (3.15). For screws that can buckle freely within a specific area, an additional 
calculation is performed using Eq. (3.16) and (3.17).

(a)           (b)              (c)           (d)

Figure 12: �An embedded, axially compressive screw before reaching the buckling resistance (a, c), after reaching the buckling resistance (b, d), with 
unrestrained head (a, b) and with restrained head (c, d). 
Prerequisites for a restrained head (c, d): 1. Head surface is flush with the panel surface; 2. Minimum panel thickness: Outer thread diameter d

(3.8)
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Where:

(3.9)

(3.10)

(3.11)

Elastic buckling

(3.12)

(3.13)

(3.14)

(3.15)

Free buckling

(3.16)

(3.17)

Where:

	 Characteristic value of the normal force load capacity of the net cross-section in N

	 Reduction factor for screw buckling (-)

	 Thread core diameter in mm in accordance with Table 17

	 Characteristic value of the yield strength of hardened carbon steel in N/mm²

	 Factor (-)

	 Relative slenderness ratio (-)

	 Characteristic ideal elastic buckling load of a screw in N

	 Elastic bedding of a screw in N/mm²

	 Elasticity modulus of the steel in N/mm²

	 Second moment of area for the circular cross-section in mm4

	 Calculated screw length (see Section 3.5.2) in mm

	 Unbedded screw length (see Table 26) in mm
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Table 17: Thread core diameter d1 in mm for all fully threaded ASSY® screws.

Outer thread diameter d in mm

5 6 8 10 12 14
d1 for ASSY®plus VG - 3.8 5.0 6.2 7.1 8.5
d1 for fully threaded ASSY® 3.2 3.9 - - - -
Regulation: ETA-11/0190

3.5.1 Elastic buckling
For fully threaded carbon steel ASSY® screws, the characteristic buckling resistance Fc,k can be determined using Eq. (3.8) and Table 18 to Table 25 for 
different characteristic bulk densities ρk and angles ε. The higher values are only permitted if the screw head is structurally restrained (see Figure 12 c 
and d).

Table 18: Characteristic buckling resistance Fc,k in kN, where ρk = 350 kg/m³ (e.g. C24).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 5.43 7.29 9.62 12.8 15.1 19.9 20.2 26.4 29.5 38.2
30° 5.85 7.60 10.3 13.3 16.2 20.7 21.6 27.4 31.5 39.6
45° 6.02 7.72 10.6 13.5 16.7 21.0 22.2 27.8 32.3 40.1
60° 6.17 7.83 10.9 13.7 17.0 21.3 22.7 28.1 33.0 40.6
90° 6.42 8.00 11.3 14.0 17.7 21.7 23.5 28.7 34.2 41.4
Regulation: Draft EC 5� with fy,k = 900 N/mm²

Table 19: Characteristic buckling resistance Fc,k in kN, where ρk = 365 kg/m³ (e.g. GL 24c).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 5.49 7.34 9.73 12.9 15.3 20.0 20.4 26.5 29.8 38.4
30° 5.91 7.65 10.5 13.4 16.4 20.8 21.8 27.5 31.8 39.8
45° 6.08 7.77 10.7 13.6 16.8 21.1 22.4 27.9 32.6 40.3
60° 6.23 7.87 11.0 13.8 17.2 21.4 22.9 28.2 33.3 40.8
90° 6.48 8.04 11.4 14.0 17.8 21.8 23.7 28.8 34.4 41.5
Regulation: Draft EC 5� with fy,k = 900 N/mm²

Table 20: Characteristic buckling resistance Fc,k in kN, where ρk = 390 kg/m³ (e.g. GL 28c, GL 24c).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 5.59 7.41 9.90 13.0 15.5 20.2 20.7 26.8 30.2 38.7
30° 6.01 7.71 10.6 13.5 16.6 21.0 22.2 27.7 32.2 40.1
45° 6.17 7.83 10.9 13.7 17.1 21.3 22.7 28.1 33.0 40.6
60° 6.32 7.93 11.1 13.9 17.4 21.5 23.2 28.4 33.7 41.1
90° 6.57 8.10 11.6 14.1 18.1 21.9 24.0 29.0 34.9 41.8
Regulation: Draft EC 5� with fy,k = 900 N/mm²

Table 21: Characteristic buckling resistance Fc,k in kN, where ρk = 385 kg/m³ (e.g. GL 24h).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 5.57 7.40 9.87 13.0 15.5 20.2 20.7 26.7 30.1 38.7
30° 5.99 7.70 10.6 13.5 16.6 20.9 22.1 27.7 32.1 40.0
45° 6.16 7.82 10.9 13.7 17.0 21.2 22.7 28.1 32.9 40.6
60° 6.30 7.92 11.1 13.8 17.4 21.5 23.1 28.4 33.6 41.0
90° 6.55 8.08 11.5 14.1 18.0 21.9 24.0 28.9 34.8 41.8
Regulation: Draft EC 5� with fy,k = 900 N/mm²
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Table 22: Characteristic buckling resistance Fc,k in kN, where ρk = 425 kg/m³ (e.g. GL 28h, GL 30h).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 5.72 7.50 10.1 13.2 15.9 20.4 21.2 27.1 30.8 39.1
30° 6.13 7.80 10.8 13.6 16.9 21.2 22.6 28.0 32.8 40.5
45° 6.29 7.91 11.1 13.8 17.4 21.5 23.1 28.4 33.6 41.0
60° 6.44 8.01 11.3 14.0 17.7 21.7 23.6 28.7 34.3 41.4
90° 6.68 8.17 11.8 14.3 18.4 22.1 24.4 29.2 35.4 42.2
Regulation: Draft EC 5� with fy,k = 900 N/mm²

Table 23: Characteristic buckling resistance Fc,k in kN, where ρk = 480 kg/m³ e.g. LVL made of softwood, flatwise or edgewise; see Figure 13.

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 5.89 7.63 10.4 13.4 16.3 20.8 21.8 27.5 31.7 39.7
30° 6.30 7.92 11.1 13.8 17.4 21.5 23.1 28.4 33.6 41.0
45° 6.46 8.02 11.4 14.0 17.8 21.8 23.7 28.7 34.4 41.5
60° 6.60 8.12 11.6 14.2 18.2 22.0 24.1 29.1 35.0 41.9
90° 6.84 8.27 12.0 14.4 18.8 22.4 24.9 29.5 36.1 42.6
Regulation: Draft EC 5� with fy,k = 900 N/mm²

Figure 13: �LVL-Pflatwise (laminates lying flat; left); LVL-Pedgewise (laminates upright on edge; right)

Table 24: Characteristic buckling resistance Fc,k in kN, where ρk = 600 kg/m³ e.g. GL made of birch (ETA-19/0031).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 6.21 7.85 11.0 13.7 17.1 21.3 22.8 28.2 33.2 40.7
30° 6.60 8.12 11.6 14.2 18.2 22.0 24.1 29.1 35.0 41.9
45° 6.75 8.22 11.9 14.4 18.5 22.2 24.6 29.4 35.7 42.4
60° 6.89 8.31 12.1 14.5 18.9 22.5 25.1 29.7 36.3 42.8
90° 7.11 8.45 12.5 14.7 19.4 22.8 25.8 30.1 37.4 43.4
Regulation: Draft EC 5� with fy,k = 900 N/mm²

Table 25: Characteristic buckling resistance Fc,k in kN, where ρk = 730 kg/m³ e.g. GLVL made of beech (ETA-14/0354).

Head unrestrained Head restrained
ε d = 6 mm d = 8 mm d = 10 mm d = 12 mm d = 14 mm

0° 6.48 8.04 11.4 14.0 17.8 21.8 23.7 28.8 34.4 41.5
30° 6.85 8.28 12.1 14.5 18.8 22.4 25.0 29.6 36.2 42.7
45° 7.00 8.38 12.3 14.6 19.2 22.6 25.4 29.9 36.8 43.1
60° 7.13 8.46 12.5 14.8 19.5 22.9 25.8 30.2 37.4 43.5
90° 7.34 8.59 12.9 15.0 20.0 23.2 26.5 30.6 38.4 44.1
Regulation: Draft EC 5� with fy,k = 900 N/mm²
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3.5.2 Free buckling
For fully threaded or double-thread carbon steel ASSY® screws, the characteristic buckling resistance Fc,k can be determined using Eq. (3.8) and Table 26. 
The values in Table 26 are based on the assumption of the second Eular case, where the buckling length corresponds to the length of the screw section 
between the members plus 10 mm on each side (embedment depth) (see Figure 14 and Eq. [3.17]).
 

Figure 14: Example of a static system for an unbedded, free buckling screw

Table 26: Characteristic buckling resistance Fc,k in kN for a screw with an unbedded shank section.

Unbedded screw length lne 
in mm

ASSY®plus VG ASSY® Isotop
Outer thread diameter d in mm

6 8 10 12 14 8/10 a)

≤ 100 1.11 3.21 8.07 12.9 21.0 10.1
120 0.84 2.45 6.27 10.2 16.9 8.30
140 0.66 1.93 4.99 8.19 13.7 6.84
160 0.53 1.56 4.05 6.70 11.3 5.70
180 0.43 1.28 3.35 5.57 9.48 4.79
200 - 1.07 2.82 4.69 8.03 4.08
220 - 0.91 2.41 4.01 6.89 3.51
240 - 0.78 2.08 3.48 5.96 3.04
260 - 0.68 1.81 3.03 5.21 2.67
280 - 0.59 1.59 2.66 4.61 2.35
300 - 0.53 1.40 2.36 4.09 2.10
320 - 0.47 1.25 2.10 3.65 1.88
340 - 0.42 1.12 1.89 3.28 1.69
360 - 0.37 1.01 1.70 2.96 1.53
380 - 0.34 0.92 1.55 2.69 1.45
400 - 0.31 0.83 1.42 2.45 1.26
420 - 0.28 0.77 1.30 2.25 1.16
440 - 0.26 0.70 1.18 2.06 1.06
460 - 0.24 0.65 1.10 1.90 0.99
480 - 0.22 0.59 1.01 1.76 0.91
a) The ASSY® Isotop has an 8 mm thread at the tip and 10 mm thread under the head (with a core diameter of 7.05 mm).

Regulation: ETA-11/0190
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3.6 Load-bearing capacity of axially loaded screws

The characteristic load-bearing capacity Fax,t,k and the design value of the load-bearing capacity Fax,t,d for an axially tensile screw is the smallest value of 
the resistances resulting from the possible failure mechanisms.

Therefore, the characteristic load-bearing capacity Fax,t,k for an axially tensile screw is designed using Eq. (3.18) and the design value of the load-bearing 
capacity Fax,t,d using Eq. (3.19):

(3.18)

(3.19)

Where:

γM = 1.3 in accordance with EC 5 NA Germany

For an axially compressive screw, the characteristic load-bearing capacity Fax,c,k is obtained using Eq. (3.20) and the design value of the load-bearing 
capacity Fax,c,d using Eq. (3.21):

(3.20)

(3.21)

Where:

γM = 1.3 in accordance with EC 5 NA Germany and γM1 = 1.1 in accordance with EC 3-1-1 NA Germany

The design value of the load-bearing capacity of an axially tensile (Fax,t,d) or axially compressive screw (Fax,c,d) in a connection is the minimum value of the 
resistance in each member to which the screw will be connected. The design value of the load-bearing capacity of the screw is the minimum value of all 
failure mechanisms that may occur for the connection in question. The number and type of possible failure mechanisms depend on the following boundary 
conditions:
•	 Type of connection, e.g. timber-to-steel, timber-to-timber or engineered timber-to-timber
•	 Screw type, e.g. partially threaded or fully threaded
•	 Direction of the load, i.e. pulling out or pressing in the screw
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Timber-to-timber connection with partially threaded screw, 
anchorage length lw,1 = 0

Timber-to-timber connection with partially threaded screw, 
anchorage length lw,1 > 0

Member	 Design value

1	

2	

Member	 Design value

1	

2	

Timber-to-timber connection with fully threaded screw, 
anchorage length lw,1 > 0

Timber-to-timber connection with fully threaded screw, 
anchorage length lw,1 > 0

Member	 Design value

1	

2	

Member	 Design value

1	

2	

Timber-to-steel connection with fully threaded screw, 
anchorage length lw,1 > 0

Timber-to-steel connection with partially threaded screw, 
anchorage length lw,1 = 0

Member	 Design value

1	 -

2	

Member	 Design value

1	

2	

Figure 15: Overview of possible boundary parameters and the corresponding required design values.
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3.7 �Design values for the load-bearing capacity of connections with screws designed to be 
exclusively axially stressed

3.7.1 Design value of the load-bearing capacity of connections with axially tensile screws
The design value of the load-bearing capacity of a connection with screws subjected to tensile stress Fv,Rd is generally designed as follows:

(3.22)

Where:

	 Effective number of fasteners in accordance with Section 3.7.3

	 Design value of the load-bearing capacity of a tensile screw as determined by Eq. (3.19)

3.7.2 Design value of the load-bearing capacity of connections with axially compressive screws
The design value of the load-bearing capacity of a connection with screws subjected to compression Fax,c,Rd is generally designed as follows:

(3.23)

Where:

	 Effective number of fasteners in accordance with Section 3.7.3

	 Design value of the load-bearing capacity of a compressive screw as determined by Eq. (3.21)

3.7.3 Effective number of fasteners
For axially loaded screws, the following equations are used to calculate the effective number of screws:

Transverse tension reinforcement, transverse compression reinforcement, shear reinforcement and load transfers

(3.24)

Continuous connections and continuous load transfers 
(e.g. beam reinforcement, on-roof insulation)

(3.25)

Timber-to-timber and engineered timber-to-timber connections

Per fastener group where n ≤ 10	 (3.26)

Per fastener group where n > 10	 (3.27)

Screws crossed in pairs subjected to tension/compression,  
where nx is the number of screw crosses or pairs (where nx > 10)	 (3.28)

Sheet timber-to-steel connections

Per fastener group where 30° ≤ δ ≤ 60° in shear connections with inclined,  
axially loaded screws	 (3.29)

For all other sheet timber-to-steel connections	 (3.30)

a) For screws crossed in pairs subjected to tension/compression (where nx ≤ 10): nef = nx
b) �When applying Equation (3.26), an additional verification for block shear must be performed. If Equation (3.27) is applied for fastener groups with n ≤ 10, the additional block shear verification is not required.
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3.8 Minimum member dimensions and minimum spacings for axially loaded screws

3.8.1 General information
Regardless of whether screws are subjected to axial or lateral load, the permissible member dimensions and axis and edge distances depend on the force/
grain angle α, the timber or engineered wood, the screw tip geometry and whether the members are pre-drilled before screwing.

Tables 30 to 36 match the specifications in ETA-11/0190.
 

Figure 16: Minimum spacings and angle specifications for screws inclined in the direction of the grain, δ = ε.
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Figure 17: Minimum spacings and angle specifications for screws inclined in two directions, δ ≠ ε.
	  

a1	 Minimum distance between two fasteners parallel to the grain direction
a2	 Minimum distance between two fasteners perpendicular to the grain direction
a3,CG	 Minimum distance between the edge and the screw centre of gravity in the member parallel to the grain direction
a4,CG	 Minimum distance between the edge and the screw centre of gravity perpendicular to the grain direction
ax	 Minimum distance between two screws in a screw cross
b	 Member width
t1	 Thickness of member 1
t2	 Thickness of member 2
F	 Acting force
a	 Angle between the force direction and grain direction
β	 Angle between the screw axis and wide face
δ	 Angle between screw axis and shear plane
ε	 Angle between the screw axis and grain direction
1	 Member 1 (in a connection)
2	 Member 2 (in a connection)
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3.8.1.1 Minimum member thicknesses
The required minimum member dimensions when using ASSY® screws that are not pre-drilled are based on the regulations of EC 5:
•	 Members made of timber types at high risk of splitting (e.g. silver fir, Douglas fir etc.) should be pre-drilled if their thickness t is less than:

(3.31)

•	 Timber products made of pine or timber products made of other timber types with edge distances a4,CG ≥ 10 d where ρk ≤ 420 kg/m³ or a4,CG ≥ 14 d 
where 420 kg/m³ < ρk ≤ 500 kg/m³ should be pre-drilled if their thickness t is less than:

(3.32)

See also Table 30 and 31 for timber types at high/low risk of splitting.

The regulation stipulated by Eq. (3.32) can also be applied when fastening formwork and load-bearing or counter battens, as well as intermediate connec-
tions of builders band and crossbeams to timber frames of all timber types, provided these members are connected with at least two screws.

Table 27: Minimum member thicknesses when using ASSY®plus screws that are not pre-drilled.

Outer thread diameter d in mm ≤ 6 8 10 12 14
Minimum member thickness tmin in mm 24 30 40 80 100
Regulation: ETA-11/0190

The minimum member thicknesses shown in Table 27 also apply to non-pre-drilled ASSY® screws if the spacing between the screws in the direction of the 
grain and the end grain is at least 25 ∙ d.

This rule does not apply to engineered wood boards or laminated veneer lumber with cross layers (LVL-C).

When using screws that are intended to be exclusively axially stressed and applying the reduced minimum spacings (a1 = 5 · d; a2 = 2.5 · d; a3,CG = 5 · d; 
a4,CG = 3 · d; a1 · a2 = 25 · d²), the values for the minimum member thickness and width given in Table 28 and 29 apply.

Table 28: Minimum member thickness and width for members made of solid wood-based products (SWB) when using ASSY®plus screws.

Outer thread diameter d in mm 6 8 10 12 14
Minimum member thickness tmin in mm 60 80 100 120 140
Minimum member width b min in mm 60 64 80 96 112
Regulation: ETA-11/0190

Table 29: �Minimum member thickness and width for members made of laminated veneer lumber (LVL) made of softwood when using 
ASSY®plus screws.

Outer thread diameter d in mm 6 8 10 12 14
Minimum member thickness tmin in mm 36 48 60 72 84
Minimum member width b min in mm 60 64 80 96 112
Regulation: ETA-11/0190

3.8.1.2 Minimum axial and edge distances
The required minimum spacings for axially loaded screws always refer to the thread centre of gravity of the screw in the member in question  
(see Figure 16).

The spacings given in EC 5 apply (spacings in columns 2 and 3 of Tables 30 to 33). 

When using ASSY®plus screws or screws in solid wood-based products (SWB) or veneer-based products (VB), the spacings between the axially loaded 
screws can be reduced (see Tables 30 to 33, column 1). However, the following conditions must be met:
1. a1 ≥ 5 · d
2. a2 ≥ 2.5 · d and
3. a1 · a2 ≥ 25 · d²
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For crossed screws in solid wood-based products (SWB) or veneer-based products (VB), a minimum screw spacing of ax = 1.5 · d must be maintained at 
the crossing point. Appropriate measures must be taken to ensure that the screws do not collide when screwing in.
 

3.8.2 Minimum spacings and minimum member dimensions for axially loaded screws in members made of solid timber  
(ST/FST)
 

Figure 18: Spacings and angles in solid timber (ST/FST).

Table 30: �Minimum spacings and minimum member dimensions for axially loaded screws in solid timber (ST/FST), glued solid timber (GST) or 
glued laminated timber (GL) where ρk ≤ 420 kg/m³.

ASSY®plus: not pre-drilled ASSY®plus: not pre-drilled 
ASSY®: pre-drilled

ASSY®: not pre-drilled

a1 5 d (4 + |cos α|) d ka (5 + 7 |cos α|) d a)

a2 2.5 d (3 + |sin α|) d 5 d
a3,CG 5 d 7 d ka 10 d a)

a4,CG 3 d 3 d 5 d 
10 d b)

a1 x a2 25 d2 No specifications No specifications
ax 1.5 d 1.5 d 1.5 d
Minimum member dimensions for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 14 6 8 10 12 14
tmin 60 80 100 120 140 24 30 40 80 100
bmin 60 64 80 96 112
Timber types at low risk of splitting. In accordance with NDP in 8.3.1.2(7) for pine (pinus sylvestris) c)

tmin (ρk = 350 kg/m³) 42 65 88 110 133
tmin (ρk = 420 kg/m³) 50 78 105 132 160
Timber types at high risk of splitting. In accordance with NDP in 8.3.1.2(7) for all timber types c) except pine
tmin (ρk = 350 kg/m³) 84 130 175 221 266
tmin (ρk = 420 kg/m³) 101 155 210 265 320
Table values in mm. The specifications also apply to connections between solid timber (ST/FST), glued solid timber (GST) or glued laminated timber (GL) and engineered wood in accordance with Table 14 or sheet steel
a) In general, ka = 1.0; for Douglas fir ka = 1.5
b) Minimum value for members made of timber types at high risk of splitting, whereby the minimum timber thicknesses for timber less prone to splitting (pine) can be applied.
c) For other characteristic bulk densities, see Section 3.8.1

Regulation: ETA-11/0190, EC 5 (spacings in Columns 2 and 3, tmin based on ρk)
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Table 31: �Minimum spacings and minimum member dimensions for axially loaded screws in solid timber (ST/FST), glued solid timber (GST) or 
glued laminated timber (GL) where ρk > 420 kg/m³.

ASSY®plus: not pre-drilled 
ρk > 500 kg/m³: always pre-drilled

ASSY®plus: not pre-drilled
ASSY®: pre-drilled
ρk > 500 kg/m³: always pre-drilled

ASSY®: not pre-drilled
420 kg/m³ < ρk ≤ 500 kg/m³

a1 5 d (4 + |cos α|) d ka (7 + 8 |cos α|) d a)

a2 2.5 d (3 + |sin α|) d 7 d
a3,CG 5 d 7 d ka 15 d a)

a4,CG 3 d 3 d 7 d 
14 d b)

a1 x a2 25 d2 No specifications No specifications
ax 1.5 d 1.5 d 1.5 d
Minimum member dimensions for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 14 6 8 10 12 14
tmin 60 80 100 120 140 24 30 40 80 100
bmin 60 64 80 96 112
Timber types at low risk of splitting. In accordance with NDP in 8.3.1.2(7) for pine (pinus sylvestris) c)

tmin (ρk = 425 kg/m³) 51 79 106 134 162
tmin (ρk = 500 kg/m³) 60 93 125 158 190
Timber types at high risk of splitting. In accordance with NDP in 8.3.1.2(7) for all timber types c) except pine
tmin (ρk = 425 kg/m³) 102 157 212 268 323
tmin (ρk = 500 kg/m³) 120 185 250 315 380
Table values in mm. The specifications also apply to connections between solid timber (ST/FST), glued solid timber (GST) or glued laminated timber (GL) and engineered wood in accordance with Table 14 or sheet steel
a) In general, ka = 1.0; for Douglas fir ka = 1.5
b) Minimum value for members made of timber types at high risk of splitting, whereby the minimum timber thicknesses for timber less prone to splitting (pine) can be applied.
c) For other characteristic bulk densities, see Section 3.8.1

Regulation: ETA-11/0190, EC 5 (spacings in Columns 2 and 3, tmin based on ρk)
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3.8.3 �Minimum spacings and minimum member dimensions for axially loaded screws in members made of laminated 
veneer lumber (LVL) from softwood

 

Figure 19: �Spacings and angles in laminated veneer lumber (LVL) made of softwood for installation in the wide face (left, β = 90°) and in the narrow face 
(right, β = 0°).

Table 32: �Minimum spacings and minimum member dimensions for axially loaded screws in laminated veneer lumber (LVL) made of softwood in 
accordance with DIN EN 13986, DIN EN 14279 and DIN EN 14374.

ASSY®plus: not pre-drilled ASSY®plus: not pre-drilled 
ASSY®: pre-drilled

ASSY®: not pre-drilled

a1 5 d (4 + |cos α|) d (5 + 7 |cos α|) d
a2 2.5 d (3 + |sin α|) d 5 d
a3,CG 5 d 7 d 10 d a)

a4,CG 3 d 3 d 5 d a)

a1 x a2 25 d2 No specifications No specifications
ax 1.5 d 1.5 d 1.5 d
Minimum member dimensions for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 14 6 8 10 12 14
tmin 36 48 60 72 84 24 30 40 80 100 72 b) 96 b) 120 b) 144 b) 168 b)

bmin 60 64 80 96 112
Table values in mm. The specifications also apply to connections between laminated veneer lumber and engineered wood in accordance with Table 14 or sheet steel.
Members with a characteristic bulk density of ρk > 500 kg/m³ must be pre-drilled before the screws are inserted.
a) For LVL-C in accordance with general type approval Z-9.1-890, a3,CG can be assumed as 5d and a4,CG as 3d.
b) tmin = 12 ∙ d. For LVL-S in accordance with Z-9.1-847, the following applies: For non-pre-drilled ASSY® screws when arranged in the wide face 

Regulation: ETA-11/0190, EC 5 (spacings in columns 2 and 3)
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3.8.4 �Minimum spacings and minimum member dimensions for axially loaded screws in glued laminated veneer lumber 
(GLVL) made of beech in accordance with ETA-14/0354

Figure 20: �Spacings and angles in laminated veneer lumber (LVL) made of beech for installation in the wide face (left, β = 90°) and in the narrow face 
(right, β = 0°).

Table 33: �Minimum spacings and minimum member dimensions for axially loaded screws in glued laminated veneer lumber (GLVL) made of beech  
(ETA-14/0354).

ASSY®plus: pre-drilled ASSY®plus: pre-drilled 
ASSY®: pre-drilled

ASSY®plus: not pre-drilled 
ASSY®: not pre-drilled

a1 5 d (4 + |cos α|) d (7 + 8 |cos α|) d
a2 2.5 d (3 + |sin α|) d 7 d
a3,CG 5 d 7 d 15 d
a4,CG 3 d 3 d 7 d
a1 x a2 25 d2 No specifications No specifications
ax 1.5 d 1.5 d 1.5 d
Minimum member dimensions for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 6 8 10 12
tmin 60 80 100 120 140 42 a) 56 a) 70 a) 84 a) 42 a) 56 a) 70 a) 84 a)

bmin 60 64 80 96 112
Table values in mm. The specifications also apply to connections between GLVL made of beech and engineered wood in accordance with Table 14 or sheet steel.
a) Minimum thicknesses t ≥ 7 d apply where 5 ≤ d ≤ 12, type S; there is no minimum thickness for type Q.

Regulation: ETA-11/0190, EC 5 (spacings in columns 2 and 3)

The thread engagement length without pre-drilling in GLVL made of beech (ETA-14/0354) is limited. Table 34 specifies the maximum permissible embed-
ment depths of the threaded section of the screw lw,max that can be screwed in without pre-drilling.

Table 34: Maximum permissible embedment depth of the threaded section lw,max without pre-drilling.

ASSY®plus ASSY®

Outer thread diameter d in mm 6 8 10 12 5 6 7 7.5 8 10
Embedment depth lw,max in mm 30 48 80 96 50 60 70 75 80 100
Regulation: ETA-11/0190
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3.8.5 Minimum spacings and minimum member dimensions for axially loaded screws in cross-laminated timber (CLT)
Unless otherwise stated in the approvals by the cross-laminated timber (CLT) manufacturer, the minimum values for axial and edge spacings for screws in 
cross-laminated timber (CLT) provided in Table 35 apply. The grain direction on the face layer is used as the grain direction in calculations. The minimum 
spacings in the narrow faces are not dependent on the angle between the screw axis and grain direction. 
 

Figure 21: Spacings and formula symbols in the side face (left) and narrow face (right) of cross-laminated timber (CLT).

Table 35: Minimum spacings for screw connections in the side faces or narrow faces of cross-laminated timber (CLT) made of softwood.

ASSY®plus: not pre-drilled
ASSY®: not pre-drilled
Side face Narrow face

a1 4 d 10 d
a2 2.5 d 4 d
a3,CG 6 d 7 d
a4,CG 2.5 d 3 d
a1 x a2 No specification No specification
ax 1.5 d 1.5 d
Minimum member thicknesses tCLT and embedment depths th for different outer thread diameters d

d 6 8 10 12 14 6 8 10 12 14
tCLT 60 80 100 120 140 60 80 100 120 140
th No specifications 60 80 100 120 140
Table values in mm. The specifications also apply to connections between cross-laminated timber (CLT) and sheet steel.
Screws in the narrow face that only engage in the outermost layer (face layer) are not permitted.
If double edge layers (two edge layers orientated in the same direction) are used, the inner edge layer is considered to be a separate layer. 
Supplementary regulation "Defined position in the inner panel layers" in Section 3.3.

Regulation: ETA-11/0190

41ASSY® screws – Manual for ETA-11/0190



3.8.6 �Minimum spacings and minimum member dimensions for screws arranged parallel to the grain in the end grain of 
solid wood-based products (SWB) and laminated veneer lumber (LVL)

 	  

Figure 22: �Definition of the edge and axial spacings of screws arranged parallel to the grain in the end grain (ε = 0°) for solid wood-based products (left) 
and laminated veneer lumber (right).

Table 36: �Minimum spacings for axially loaded screws in the end grain surfaces with an angle of ε = 0° between the screw axis and grain direction, 
members made of solid timber (ST/FST), glued solid timber (GST), glued laminated timber (GL) or laminated veneer lumber 
(LVL).

ASSY®plus: not pre-drilled a)

ASSY®: pre-drilled
ASSY®: not pre-drilled

ρk ≤ 420 kg/m³ 420 kg/m³ < ρk ≤ 500 kg/m³
a2 3 d 5 d 7 d
a4,CG 3 d 5 d 7 d
Minimum embedment depths t h for different outer thread diameters d

d 6 8 10 12 14
th 120 160 200 240 280
Table values in mm. The specifications also apply to connections between solid timber (ST/FST), glued solid timber (GST) or glued laminated timber (GL) and engineered wood in accordance with Table 14 or sheet steel
a) Members with a characteristic bulk density ρk > 500 kg/m³ generally require pre-drilling.

Regulation: ETA-11/0190, see EC 5 (Table 8.2)

3.9 �Screw-induced failure mechanisms in the affected members – block shear

Block shear failure perpendicular to the grain direction can occur, whereby a block surrounded by a group of screws is pulled out of the timber matrix. 
Blaß and Flaig (2019) have shown that such a failure can be prevented by reducing the effective number of screws to nef < n (see Section 3.7.3) and there-
fore does not need to be taken into account. However, if the effective number of screws is assumed as nef = n, this failure must be taken into account. 
 

Figure 23: Block shear failure in axially loaded screwed connections.
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However, if screws inserted at an angle are subjected to stress in the end grain direction within the area of influence of the end grain, a block surrounded 
by these screws can be pulled out, as shown in Figure 24. In this case, the inclined screws do not form a plastic hinge, so the thread engagement length t1 
projected perpendicular to the shear plane is equal to the effective embedment depth tef. To prevent this failure mechanism, the characteristic block shear 
capacityFbs,ax,Rk of the member must be verified:

(3.33)

Where:

	 Characteristic value of the shear strength of the timber	

	 Characteristic value of the tensile strength of the timber parallel to the grain direction	
 

Figure 24: Block shear failure in tensile shear connections (Case 2).

As with block shear failure in accordance with EC 5 for laterally loaded fasteners (see Section 4.8), the characteristic block shear capacity must be deter-
mined for two different cases. The case with the lower block shear capacity is decisive. For Case 1 (failure over the entire cross-sectional height), the net 
shear plane Anet,v is determined using Eq. (4.26) and the net tensile area Anet,t using Eq. (4.27). For Case 2 (failure over part of the cross-sectional height), 
the net shear plane Anet,v is determined using Eq. (3.34) and the net tensile area Anet,t using Eq. (3.35). The corresponding dimensions can be determined 
using Figure 25.

(3.34)

(3.35)

Where:

	 Net width of the connection
	  
	 Embedment depth projected perpendicular to the shear plane
	 Spacing between the edge and the centre of gravity of the first row of screws in the timber parallel to the grain direction

	 Sum of the i spacings between screws parallel to the grain direction 

	 Anchorage length of the threaded section of a screw

	 Angle between the screw axis and shear plane

	 Sum of the n spacings between screws perpendicular to the grain direction

	  
	 Sum of the (n-1) outer thread diameters of the screws
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Possible tensile failure in the �mber

Possible shear surfaces in the �mber

Figure 25: Contributing areas for the verification of block shear in shear connections with inclined, axially loaded screws.

3.10 Design of axially loaded screws exposed to fire

The design of connections with axially loaded screws exposed to fire is determined independently of the fire behaviour of the members. The residual load-
bearing capacity of the screws in the event of fire depends solely on their distance from the edge of the member. Joints must be either closed or treated as 
edges.

Screws subjected to pull-out forces must generally be protected against direct fire exposure (by countersinking or covering with timber, engineered wood 
or other suitable materials) or they must be designed and installed with sufficient spacing from the adjacent member edges. The design value of the axial 
load-bearing capacity in the event of fire Fax,t,d,fi can be determined using Eq. (3.36). This approach applies to screw diameters and screw head shapes in 
engineered wood as specified in Table 50 of this document.

(3.36)

Where:

	 Reduction factor, see Eq. (3.38)

	 20 % fractile value of the load-bearing capacity of a screw

(3.37)

Where:

	 Conversion factor from 5 % fractile values to 20 % fractile values for axially loaded fasteners 1.05

	 Characteristic load-bearing capacity of a tensile screw in accordance with Section 3.6

	 Partial safety factor for timber in the event of fire, generally 1.0
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The reduction factor η for modifying the axial load-bearing capacity is determined using Eq. (3.38).

(3.38)

Where:

	 Side covering in mm, see Figure 26

	 Required fire resistance period in minutes

The conditions of Eq. (3.39) and (3.40) must also be met.

(3.39)

(3.40)

If a2,fi = a1,fi and a3,fi ≥ a1,fi + 20 mm (for screws arranged centrally in the member), the conversion factor η as determined by Eq. (3.38) must be designed 
using a required fire resistance period td,fi increased by 25 %.
 

Figure 26: Spacing conventions for axially loaded screws indirectly exposed to fire.
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3.11 Slip modulus of axially loaded screws

3.11.1 Slip modulus in timber-to-timber, engineered timber-to-timber and timber-to-steel connections
In accordance with ETA 11/0190, the slip modulus KSLS,w of the threaded section of screws designed for axial loading can be designed for the respective 
connected member in the serviceability limit state using Eq. (3.41) (with d and lw in mm and ρmean in kg/m³), regardless of whether softwood or hardwood is 
used and independent of the angle δ between the screw axis and the shear plane.

  for screws in timber members in N/mm (3.41)

Figure 27: Slip modulus in timber-to-timber connections.

3.12 Calculation examples

3.12.1 Shear connections with inclined, axially loaded screws

3.12.1.1 General information
This example is based on the connection shown in Figure 28, which is subjected to a force of FEd = 120 kN (kmod = 0.8). Verifications must be carried out 
for screw pull-out and block shear. The minimum permissible fastener spacings and edge distances have been selected.
 

Figure 28: Calculation example – tensile shear connection.
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The following specifications apply:

Geometry and material

Member 1

Material, steel grade S235

Thickness/height tS/h1 = 1.5 cm/12.0 cm

Yield strength fy,k = 235 N/mm²

Member 2
Material, strength class GL 28h
Thickness/height t2/h2 = 16.0 cm/20 cm
Force/grain angle α = 0°
Raw density ρk = 425 kg/m³
Modification factor kmod = 0.80
Tensile strength ft,0,k = 22.3 N/mm²
Shear strength fv,k = 3.5 N/mm²

Action
Service class Service class 1
Load duration class Medium
Design value of the shear force Fv,Ed = 120 kN

Fasteners ASSY®plus VG 4 CSMP 8.0 x 260 + angled washer
Diameter d = 8.0 mm
Head diameter dhead = 15.0 mm
Length l = 260 mm
Withdrawal parameter fax,k = 12.0 N/mm²
Tensile resistance ftens,k = 22.0 kN
Partial safety factor γM = 1.3
Screw/shear plane angle δ = 45°
Screw/grain angle ε = 45°
Selected spacing between the edge and the centre 
of gravity of the first row of screws in the member 
parallel to the grain direction

a3,CG,ist = 20d = 160 mm

3.12.1.2 Calculation of the axial load-bearing capacity of a screw
In this calculation example, the angle between the grain direction and the shear plane is zero, meaning that the angle between the screw axis and grain ε 
and between the screw axis and the shear plane δ are equal: ε = δ. If ε ≠ δ, i.e. the angle between the grain direction and the shear plane is not zero, this 
must be taken into account when calculating the anchorage length of the threaded section of the screw lw. Therefore:

Where:

	 Effective length in the angled washer in accordance with ETA-11/0190	

The characteristic load-bearing capacity of the thread in member 2 Fw,k,2 can be designed as follows:
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Where:

The design value of the load-bearing capacity for a fastener Fax,t,d is obtained using Eq. (3.19) as follows:

The calculation of the design value for the shear load-bearing capacity of the connection Fv,Rd requires the following values:
 

	 Number of fastener rows parallel to the load

	 Number of fastener rows perpendicular to the load

	 Effective number of screws in the connection as determined by Eq. (3.29)

	 Friction coefficient between steel and timber

The axial load-bearing capacity of a screw must be converted into a resistance acting in the direction of the joint, whereby the design value for the shear 
load-bearing capacity of the connection Fv,Rd is designed as follows:

The utilisation factor ηv of the connection is given by:

3.12.1.3 Block shear verification
Since the tensile shear connection is located in the end grain area and is subjected to stress in the direction of the end grain, brittle failure of the connection 
(see Section 3.9) must be taken into account.

First, the net width of the connection b1 and the net embedment depth t1 are designed as input variables:

The net tensile area Anet,t and the net shear plane Anet,v (where lv = a3,CG,ist = 160 mm) are designed for Case 2 as follows:
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The net tensile area Anet,t and the net shear plane Anet,v (where lv = a3,CG,ist = 160 mm) are designed for Case 1 as follows:

The design value of the tensile strength ft,0,d and the shear strength fv,d are designed as follows:

The design value of the block shear capacity Fbs,ax,Rd is given by:

Case 2 (failure over part of the cross-sectional height) is decisive for the block shear capacity. The design value of the load-bearing capacity Fbs,ax,Rd = 
206 kN of the block surrounded by screws in this example is greater than the design value of the shear load-bearing capacity Fv,Rd of the screwed connec-
tion. As such, the shear load-bearing capacity Fv,Rd is decisive for this connection (in this example).

3.12.2 Crossed screws – main beam to secondary beam connection

3.12.2.1 General information
This example concerns the connection between the main beam and secondary beam as shown in Figure 29. The members are connected using three screw 
crosses made up of ASSY®plus VG 4 CH 8.0 x 260 mm screws. A load of Fv,Ed = 25 kN will be transferred.
 

Dimensions in cm

Figure 29: Calculation example – verification of an MB/SB connection with screw crosses.
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The following parameters apply:

Main beam
Width bHT = 24.0 cm
Height hHT = 48.0 cm
Material: Glued laminated timber GL 28c
Raw density ρk,HT = 390 kg/m³
Modification factor kmod,HT = 0.8
Partial safety factor γM = 1.3

Secondary beam
Width bNT = 18.0 cm
Height hNT = 24.0 cm
Material: Glued laminated timber GL 24h
Raw density ρk,NT = 385 kg/m³
Modification factor kmod,NT = 0.8
Partial safety factor γM = 1.3

Fasteners ASSY®plus VG 4 CH 8.0 x 260
Diameter d = 8 mm
Length l = 260 mm
Head height k = 7.5 mm
Tensile resistance ftens,k = 22.0 kN
Withdrawal parameter fax,k = 12.0 N/mm²
Partial safety factor γM1/γM = 1.1/1.3

Angle designations
Force/grain angle αHT/NT = 90°
Screw/shear plane angle δHT/NT = 45°
Screw/grain angle εNT = 45°
Screw/grain angle εHT = 90°

Action
Load Fv,Ed = 25 kN
Service class Service class 1
Load duration class Medium

For screw crosses subjected to shear stress, one screw undergoes tensile stress and the other undergoes compressive stress. When calculating the pull-out 
resistance of the compressive screw, the screw head height must be subtracted from the effective anchorage length. The load-bearing capacities of the indi-
vidual screws are designed below.

3.12.2.2 Load-bearing capacity of the tensile screw in MB-SB
Due to the different bulk densities of the connected members, two pull-out resistance values (Fw,k,HT and Fw,k,NT) must be designed. For identification pur-
poses, the load-bearing capacities of the tensile screw are given an additional index "t". The following anchorage lengths are derived from the installation 
dimension mHT = mNT = 85 mm:
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Where:

	  

The design value of the load-bearing capacity of the tensile screw Fax,t,d is:

3.12.2.3 Load-bearing capacity of the compressive screw in MB-SB
Due to the different bulk densities of the connected members, two pull-out resistance values (Fw,k,HT and Fw,k,NT) must be designed for press-in. For identifi-
cation purposes, the load-bearing capacities of the compressive screw are given an additional index "c". The following anchorage lengths are derived from 
the installation dimension mHT = mNT = 85 mm:

Where:

	  

The buckling resistance of the screw in both the main beam and secondary beam must be considered. Using the materials and the diameter of the screws, 
a buckling resistance of Fc,k,HT = 11.6 kN and Fc,k,NT = 10.9 kN can be obtained from Table 20 and Table 21 in Section 3.5.1 for εHT = 90° and εNT = 
45°.

The characteristic values of the screws for pull-in and buckling resistance, the modification factor kmod and the partial safety factors γM and γM1 are used to 
calculate the design value of the load-bearing capacity of a compressive screw:

3.12.2.4 Load-bearing capacity of a screw cross
The load-bearing capacity of a screw cross Fax,x,d is twice the minimum load-bearing capacity of the threaded sections. The compressive screw and the ten-
sile screw must be taken into account. The following applies in this case:

If the design values for push-in or pull-out resistance are exceeded in either of the two members, the condition is considered undefined. For this reason, it 
cannot be assumed that Fax,x,d = Fax,t,d + Fax,c,d.
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3.12.2.5 Load-bearing capacity of the connection
In accordance with Section 3.7.3, Eq. (3.28), the effective number of fasteners is designed based on the number of screw crosses. Therefore, the shear 
capacity of the connection is obtained as follows:

The utilisation factor ηv of the connection is:
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4 �Laterally loaded 
screws



4.1 General information

The outer thread diameter of the screw d should be used as the effective diameter of the screw in accordance with EC 5.

4.2 Failure mechanisms

Connections in which the screws are subjected to lateral (shear) stress may exhibit significant deformation, as shown in Figure 30. This elastoplastic, ductile 
behaviour results from the interaction between the plastic deformation of the screw, the embedment (bearing stress) of the timber along the screw shank 
and the geometry of the connection. Maintaining minimum spacings ensures that the ductile behaviour occurs and brittle failure mechanisms (such as split-
ting) are generally avoided. The forces transmitted by the mechanisms described can be referred to as the load-bearing capacity FD,k based on Johansen's 
yield theory.

Due to the inclined position of the screw in the connection, suspension or rope forces develop along the screw shank in addition to the load-bearing 
capacity FD,k. These forces act as tensile forces in the screw, pressing the members together at the joint and generating friction. The tensile forces in the 
direction of the screw axis created by the rope effect can be considered in the design in addition to the load-bearing capacity FD,k based on Johansen's 
yield theory. For screws, the effective friction contribution is limited to Frp,k ≤ FD,k.
 

Figure 30: �Force equilibrium for a timber-to-timber connection with a fully threaded screw and failure mechanism with two plastic hinges per shear plane.
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4.3 Characteristic load-bearing capacity of a laterally loaded screw

The characteristic load-bearing capacity of a laterally loaded screw Fv,k per shear plane and screw consists of the load-bearing capacity FD,k based on 
Johansen's yield theory and the rope effect contribution Frp,k, see Eq. (4.1). This load-bearing capacity FD,k should, in each case, be taken as the minimum 
value that results from the following equation (the "Johansen equations") for the individual failure mechanisms.

(4.1)

The conventions below apply for Eq. (4.2) to (4.6). For connections with three members (dowels subjected to double shear), the index 1 indicates the outer 
members and the index 2 indicates the inner member.

	 Outer thread diameter of the screw

	 Characteristic embedment strength of member 1, see pg. 59 f

	 Characteristic embedment strength of member 2, see pg. 59 f

	 Smaller value of the member thickness and embedment depth of member 1

	 Smaller value of the member thickness and embedment depth of member 2

	 Ratio of the embedment strength between two members

	 Characteristic load-bearing capacity of a tensile screw, see Eq. (3.18)

	 Characteristic yield moment of a screw

Table 37: Characteristic yield moment My,k in kNm.

Outer thread diameter d in mm
Screw type and material 5 6 8 10 12 14
ASSY® made of carbon steel 5.9 10 23 36 58 -
ASSY® made of stainless steel 2.8 5.5 11 20 - -
ASSY®plus VG made of carbon steel - 9 23 40 62 86
Regulation: ETA-11/0190

4.3.1 Contact ratio FD,k in timber-to-timber and engineered timber-to-timber connections
For a single-shear timber-to-timber or engineered timber-to-timber connection, Eq. (4.2) and Figure 31 are used (see EC 5 [8.6] [a] to [f]).

(4.2)
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Figure 31: Possible failure mechanisms for a single-shear timber-to-timber or engineered timber-to-timber connection.

For a double-shear timber-to-timber or engineered timber-to-timber connection, Eq. (4.3) and Figure 32 are used (see EC 5 [8.7] [g] to [k]).

(4.3)

Figure 32: Possible failure mechanisms for a double-shear timber-to-timber or engineered timber-to-timber connection.

4.3.2 Contact ratio FD,k in timber-to-steel connections
When determining the characteristic load-bearing capacity of a screw subjected to shear stress in timber-to-steel connections, a distinction must be made 
between "thin" and "thick" sheet steel, with the thread outer diameter d being used as the reference dimension. According to EC 5, sheet steel is consid-
ered "thin" if the sheet thickness tS ≤ 0.5 · d. If tS ≥ d, the sheet is considered "thick". If sheet thickness 0.5 · d ≤ tS ≤ d, the value for the characteristic load-
bearing capacity can be interpolated.

For sheet timber-to-steel connections with laterally loaded screws, the characteristic load-bearing capacity is obtained from the smallest value determined 
by the following equations:

For a single-shear timber-to-steel connection with thin sheet steel (tS ≤ 0.5 · d), Eq. (4.4) and Figure 33 are used (see EC 5 [8.9], [a] to [b]).

(4.4)
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Figure 33: Possible failure mechanisms for a single-shear timber-to-steel connection with thin sheet steel.

Note: 
For thin sheet steel, the load-bearing capacity of the sheet under tensile and bearing stress must be taken into account.

For a single-sheer timber-to-steel connection with thick sheet steel (tS ≥ d), Eq. (4.5) and Figure 34 are used (see EC 5 [8.10], [c] to [e]).

(4.5)

Figure 34: Possible failure mechanisms for a single-shear timber-to-steel connection with thick sheet steel.

For a double-sheer timber-to-steel connection with internal sheet steel in either thickness, Eq. (4.6) and Figure 35 are used (see EC 5 [8.11], [f] to [h]).

(4.6)
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Figure 35: Possible failure mechanisms for a double-shear timber-to-steel connection with internal sheet steel.

4.3.3 Rope effect contribution Frp,k
Only if the members to be connected are in contact can the rope effect considered for the following failure cases by using Eq. (4.7):
•	 For timber-to-timber connections in failure cases (c), (d), (e), (f), (j) and (k)
•	 For timber-to-steel connections in failure cases (b), (d), (e), (g), (h)

For screws designed to be simultaneously subjected to pull-out and shear forces, the planned tensile force in the shear plane must be subtracted from the 
load-bearing capacity Fax,t,k in Eq. (4.7).

(4.7)

Where:

	 Characteristic value of the load-bearing capacity based on Johansen's yield theory as given by Eq. (4.2) to (4.6) 

	 Characteristic load-bearing capacity of a tensile screw as given by Eq. (3.18) 

4.4 Embedment strength

The characteristic embedment strength fh,k for screws in members made of solid timber (ST/FST), glued solid timber (GST), glued laminated timber (GL), 
laminated veneer lumber (LVL) made of softwood or cross-laminated timber (CLT) made of softwood is given by:

 
N/mm²

For all ASSY® screws in non-pre-drilled members

(4.8)

 
N/mm²

For all ASSY® screws in pre-drilled members

(4.9)
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Where:

	

	

	 Characteristic bulk density in kg/m³, ρk ≤ 500 kg/m³

	 Outer thread diameter of a screw in mm	

	 Angle between the screw axis and wide face, 

	 Angle between the screw axis and grain direction, 

See also Figure 36 for angles.

Eq. (4.9) is also used for members made of beech, oak or ash timber, whereby the maximum calculable characteristic bulk density is limited  
toρk ≤ 590 kg/m3.

Figure 36: �Definition of angles between the screw and member. (1) Wide face, (2) narrow face, (3) end grain surface. 
Angle between (α) force and grain direction, (β) screw axis and wide face, (δ) screw axis and shear plane, (ε) screw axis and grain direction.

The characteristic embedment strength fh,k for screws in members made of beech LVL in accordance with EN 14374 or beech GLVL (ETA-14/0354) can be 
designed using Eq. (4.10).

 
N/mm²

For all ASSY® screws in pre-drilled or non-pre-drilled members

(4.10)

Where:

	 Characteristic bulk density in kg/m³, for GLVL made of beech (ETA-14/0354): ρk = 730 kg/m³

	 Outer thread diameter of the screw in mm

	 Angle between the force direction and grain direction, 

	

	

	

	 Angle between the screw axis and wide face

	 Angle between the screw axis and grain direction
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The characteristic embedment strength fh,k for screws arranged in the narrow face of cross-laminated timber (CLT), regardless of the angle ε 
between the screw axis and the grain direction, is:

 N/mm²

For all ASSY® screws in pre-drilled or non-pre-drilled members
(4.11)

Alternatively, the characteristic values of the embedment strength based on Eq. (4.8) and (4.9) can also be assumed for screws within a layer of cross-lami-
nated timber, provided that the layer is considered as a single member and the minimum spacings between the layers, perpendicular to the edge and in the 
grain direction are observed. For inner layers, the required minimum edge distance perpendicular to the grain direction can be reduced to·3 · d. Equation 
(4.11) only applies to layers made of softwood.

The specifications of the relevant European technical assessments or national approvals for cross-laminated timber (CLT) must always be taken into account.

The embedment strength of screws inserted into the side faces of cross-laminated timber can be assumed to be the same as for solid timber (ST/FST). The 
characteristic bulk density of the face layer must be used. If relevant, the angle between the force direction and grain direction on the outer layer must be 
taken into account. The force must act perpendicular to the screw axis and parallel to the side face of the cross-laminated timber.

The characteristic embedment strength fh,k for screws in plywood (PW) according to DIN EN 636:2015-05 is:

 N/mm²

For all ASSY® screws in non-pre-drilled members
(4.12)

 N/mm²

For all ASSY® screws in pre-drilled members
(4.13)

The characteristic embedment strength fh,k for screws in OSB according to DIN EN 300:2006-09 is:

 N/mm²

For all ASSY® screws in non-pre-drilled members
(4.14)

 N/mm²

For all ASSY® screws in pre-drilled members
(4.15)

Where:

	 Outer thread diameter of a screw in mm

	 Thickness of the OSB panel in mm

	 Characteristic bulk density of the engineered wood in kg/m³

Eq. (4.11) to (4.15) are used for outer thread diameters of 6 mm ≤ d ≤ 14 mm.

Note:
The specified embedment strengths apply irrespective of the screw tip geometry. The equations for pre-drilled members can only be used if a hole with the 
diameters specified in Section 2.1 has been drilled before the screw is inserted.
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4.5 Design value of the load-bearing capacity of a screw subjected to shear stress

The design value of the shear resistance Fv,d is obtained using Eq. (4.16).

(4.16)

Where:

	 Characteristic load-bearing capacity of a screw subjected to shear stress as determined by Eq. (4.1)

	 Partial safety factor for shear connections where   = 1.3 in accordance with EC5

	� Modification factor; if the modification factors of the connected members differ (kmod,1 and kmod,2) and the embedment strength has 
been reached in both members, the following value can be assumed for kmod:

	

	� For failure mechanisms (a), (b), (g) and (h) in timber-to-timber or engineered timber-to-timber connections, the modification factor 
kmod of the member in which the embedment strength is reached should be used.

4.6 Design value of the load-bearing capacity of a connection subjected to shear stress

4.6.1 Design value of the load-bearing capacity
The design value of the load-bearing capacity for a connection with screws subjected to shear stress Fv,Rd is generally obtained by:

(4.17)

Where:

	 Effective number of fasteners in accordance with Section 4.6.2

	 Design value of the load-bearing capacity of a screw subjected to shear stress as determined by Eq. (4.16)

4.6.2 Effective number of fasteners
In a row with n0 screws arranged parallel to the grain direction of the timber, the load-bearing capacity in the grain direction must be designed using an 
effective number of fastenersnef.

Per fastener row and with force 0° to the grain direction:

(4.18)

Per fastener row and with force 90° to the grain direction:

(4.19)

	 Applies to timber and timber products with one grain direction over the entire cross-section (ST/FST, GST, GL, LVL-P).

	 Number of fasteners in a row parallel to the grain direction

	 Effective number of fasteners in a row parallel to the grain direction

	 Number of fasteners perpendicular to the grain direction

	 Effective number of fasteners perpendicular to the grain direction

	 Exponent for reducing the number of fasteners screwed in to the effective number of fasteners
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Table 38: Values for the exponent of the number of screws per row (for force/grain angles of α = 0°).

Screw spacing  
a1

kef

Not pre-drilled Pre-drilled
≥ 14 d 1.00 1.00
13 d 0.96 0.96
12 d 0.93 0.93
11 d 0.89 0.89
10 d 0.85 0.85
9 d 0.80 0.80
8 d 0.75 0.75
7 d 0.70 0.70
6 d - 0.63
5 d - 0.57
4 d - 0.50
Regulation: EC 5

For screws in the wide faces of LVL-P, Eq. (4.18) is used; for screws in the wide faces of LVL-C, Eq. (4.19) is used.

For intermediate values 0 < a < 90°, nef,a,i must be designed for each row of screws using nef,0,i as per Eq. (4.18). Since the number of fasteners only needs 
to be reduced if the force component acting in the grain direction α = 0°, nef,a for the entire connection is determined using Eq. (4.20).

(4.20)

If moments are to be transmitted in addition to normal and shear forces in a connection, the effective proportion acting on each screw must be considered 
separately for each fastener. For this purpose, the effective number of fasteners per row of screws determined by Eq. (4.18) is related to the actual number 
of screws n0,i in the row, see Eq. (4.21). The applicable load-bearing capacity component per fastener j of a connection is determined using Eq. (4.22).

(4.21)

(4.22)

If a connection is formed with asymmetrically arranged screws, i.e. the number of screws parallel and/or perpendicular to the grain varies in each row, the 
effective number of screws parallel and/or perpendicular to the grain in each row can be determined using Eq. (4.20)  and then added together.

If the screws in a row are offset by at least 1 · d perpendicular to the grain direction, the spacing between the screws in the grain direction a1 can be dou-
bled when calculating the effective number of screws nef.
 

Figure 37: Offset arrangement. Left: minimum offset, right: recommended offset.
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Example for determining the effective number of screws nef with asymmetrically arranged screws and a force/grain angle a 
other than 0° or 90°.

Pre-determined:
Material Solid timber (ST)
Spacing in grain direction a1 10d

Screws in grain direction n0.1 5
n0.2 5
n0.3 3

Force/grain angle a 30°
Specification: Pre-drilled ASSY®plus screw or ASSY® screw

For each row of screws in the direction of the grain, nef,a,i is designed using Table 38 and Eq. (4.20). Using the material, a1 = 10 ∙ d and the specification, 
the exponent kef = 0.85 is determined fora = 0°:

Figure 38: Calculation example for nef,30, connection with 2x5 + 1x3 = 13 screws.

Of the 13 screws inserted, 12 can be taken into account in the calculation.

Note:
If screws are arranged asymmetrically in a connection, eccentricities occur which lead to non-uniform loading of the screw group. These eccentricities must 
be taken into account.
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4.7 Minimum member dimensions and minimum spacings of laterally loaded screws

4.7.1 General information
Regardless of whether screws are subjected to axial or lateral load, the permissible member dimensions and axis and edge distances depend on the force/
grain angle α, the timber or engineered wood, the screw tip geometry and whether the members are pre-drilled before screwing.

Tables 41 to 47 match the specifications in ETA-11/0190.
 

Figure 39: Minimum spacings for laterally loaded screws.
	  

	 Minimum distance between two fasteners parallel to the grain direction

	 Minimum distance between two fasteners perpendicular to the grain direction

	 Minimum distance between the unloaded edge and fastener parallel to the grain direction

	 Minimum distance between the loaded edge and fastener parallel to the grain direction

	 Minimum distance between the unloaded edge and fastener perpendicular to the grain direction

	 Minimum distance between the loaded edge and fastener perpendicular to the grain direction

	 Angle between the force direction and grain direction

4.7.1.1 Minimum member thicknesses
The required minimum member dimensions when using ASSY® screws that are not pre-drilled are based on the regulations of EC 5:

•	 Members made of timber types at high risk of splitting (e.g. silver fir, Douglas fir etc.) should be pre-drilled if their thickness is less than:

(4.23)

•	 Members made of pine or with a4 ≥ 10 ∙ d where ρk ≤ 420 kg/m³ or if a4 ≥ 14 ∙ d where 420 kg/m³ < ρk ≤ 500 kg/m³ should be pre-drilled if their 
thickness is less than:

(4.24)

See also Table 41 and 42 for timber types at high/low risk of splitting.

The regulation stipulated by Eq. (4.24) can also be applied when fastening formwork and load-bearing or counter battens, as well as intermediate connec-
tions of builders band and crossbeams to timber frames of all timber types, provided these members are connected with at least two screws.

Table 39: Minimum member thicknesses when using ASSY®plus screws that are not pre-drilled.

Outer thread diameter d in mm ≤ 6 8 10 12 14
Minimum member thickness tmin in mm 24 30 40 80 100
Regulation: ETA-11/0190
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The minimum member thicknesses given in Table 39 also apply tonon-pre-drilled ASSY® screws if:
•	 The spacing between the screws, both in the direction of the grain and to the end grain, is at least 25 ∙ d
•	 The member in the connection area is reinforced with fully threaded screws in accordance with the specifications of Section 8 

These rules do not apply to engineered wood boards or laminated veneer lumber with cross layers (LVL-C).

In a connection consisting of several timber members, the screw tips can overlap, provided that the following condition is met: (t – th,i) > 4 · d, see also 
Figure 40.

Figure 40: Overlapping of screws in a member.

In addition, when applying the rules listed, restrictions regarding the minimum and maximum thicknesses apply for the use of certain engineered wood. All 
relevant information can be found in Table 40.

Table 40: Minimum and maximum member thicknesses of engineered wood.

Board material tmin in mm tmax in mm

OSB/3 and OSB/4 12
30

Chipboard 13
Gypsum plasterboard 12.5 -
Fermacell gypsum fibre 10 -
Regulation: ETA-11/0190

4.7.1.2 Minimum axial and edge distances
The minimum spacings required for laterally loaded screws as specified in Tables 41 to 44 and 46 to 47 always refer to the centre point of the screw in the 
shear plane in question (see Figure 39).

The spacings given in EC 5 apply (spacings in columns 1 and 2 of Tables 41 to 44).

The minimum axial and edge spacings must be considered separately for each member in the shear plane. The angle a between the force and grain 
direction must be considered separately for each member based on the face layer.

If the spacing between the screws, both in the grain direction and to the end grain is at least 25 ∙ d, the spacing to the unloaded edge perpendicular to the 
grain can be reduced to a3,c = 3 ∙ d even for member thicknesses t < 5 ∙ d.
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4.7.2 Minimum spacings and minimum member thicknesses for laterally loaded screws in solid timber (ST/FST)
 

Figure 41: Spacings and angles in solid timber products.

Table 41: �Minimum spacings and minimum member thicknesses for laterally loaded screws in solid timber (ST/FST), glued solid timber (GST) or 
glued laminated timber (GL) where ρk ≤ 420 kg/m³.

ASSY®plus: not pre-drilled 
ASSY®: pre-drilled

ASSY®: not pre-drilled

a1 ka · (4 + |cos α|) d a) ka · (5 + 7 |cos α|) d b)

a2 ka · (3 + |sin α|) d a) ka · 5 d a)

a3,t (7 + 5 |cos α|) d ka · (10 + 5 |cos α|) d c)

a3,c 7 d ka · 10 d c)

a4,t (3 + 4 |sin α|) d (5 + 5 |sin α|) d d)

a4,c 3 d 5 d d)

Minimum member thicknesses tmin for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 14
tmin 24 30 40 80 100
Timber types at low risk of splitting. In accordance with NDP in 8.3.1.2(7) for pine (pinus sylvestris) e) f)

tmin (ρk = 350 kg/m³) 42 65 88 110 133
tmin (ρk = 420 kg/m³) 50 78 105 132 160
Timber types at high risk of splitting. In accordance with NDP in 8.3.1.2(7) for all timber types except pine e) f)

tmin (ρk = 350 kg/m³) 84 130 175 221 266
tmin (ρk = 420 kg/m³) 101 155 210 265 320
Table values in mm. 
a) �ka = 1.0 for timber-to-timber connections, ka = 0.85 for engineered timber-to-timber connections (see Table 14), 

ka = 0.7 for sheet timber-to-steel connections
b) �ka = 1.0 for timber-to-timber connections (Douglas fir: ka = 1.5), ka = 0.85 for engineered timber-to-timber connections (see Table 14; Douglas fir: ka = 1.275), ka = 0.7 for sheet timber-to-steel connections  

(Douglas fir: ka = 1.05)
c) In general, ka = 1.0; for Douglas fir ka = 1.5
d) If an increased spacing of 10 ∙ d is applied for the spacings a4,t and a4,c, the minimum timber thicknesses tmin for pine can also be used for timber types at high risk of splitting.
e) For other characteristic bulk densities, see Section 4.7.1. 
f) �The minimum timber thicknesses for pine can also be applied when fastening: 

1. Formwork, load-bearing battens and counter battens (n ≥ 2 per connection) 
2. Builders band (n ≥ 2 per connection) 
3. Crossbeams on timber frames (n ≥ 2 per connection)

Regulation: ETA-11/0190, EC 5 (spacings, tmin based on ρk)
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Table 42: �Minimum spacings and minimum member thicknesses for laterally loaded screws in solid timber (ST/FST), glued solid timber (GST) or 
glued laminated timber (GL) where ρk > 420 kg/m³.

ASSY®plus: not pre-drilled 
ASSY®: pre-drilled
ρk > 500 kg/m³: always pre-drilled

ASSY®: not pre-drilled
420 kg/m³ < ρk ≤ 500 kg/m³

a1 ka · (4 + |cos α|) d a) ka · (7 + 8 |cos α|) d b)

a2 ka · (3 + |sin α|) d a) ka · 7 d a)

a3,t (7 + 5 |cos α|) d ka · (15 + 5 |cos α|) d c)

a3,c 7 d ka · 15 d c)

a4,t (3 + 4 |sin α|) d (7 + 5 |sin α|) d d)

a4,c 3 d 7 d d)

Minimum member thicknesses for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 14
tmin 24 30 40 80 100
Timber types at low risk of splitting. In accordance with NDP in 8.3.1.2(7) for pine (pinus sylvestris) e) f)

tmin (ρk = 425 kg/m³) 51 79 106 134 162
tmin (ρk = 500 kg/m³) 60 93 125 158 190
Timber types at high risk of splitting. In accordance with NDP in 8.3.1.2(7) for all timber types except pine e) f)

tmin (ρk = 425 kg/m³) 102 157 212 268 323
tmin (ρk = 500 kg/m³) 120 185 250 315 380
Table values in mm. 
a) �ka = 1.0 for timber-to-timber connections, ka = 0.85 for engineered timber-to-timber connections (see Table 14), 

ka = 0.7 for sheet timber-to-steel connections
b) �ka = 1.0 for timber-to-timber connections (Douglas fir: ka = 1.5), ka = 0.85 for engineered timber-to-timber connections (see Table 14; Douglas fir: ka = 1.275), ka = 0.7 for sheet timber-to-steel connections  

(Douglas fir: ka = 1.05)
c) In general, ka = 1.0; for Douglas fir ka = 1.5
d) If an increased spacing of 10 ∙ d is applied for the spacings a4,t and a4,c, the minimum timber thicknesses tmin for pine can also be used for timber types at high risk of splitting.
e) For other characteristic bulk densities, see Section 4.7.1. 
f) �The minimum timber thicknesses for pine can also be applied when fastening: 

1. Formwork, load-bearing battens and counter battens (n ≥ 2 per connection) 
2. Builders band (n ≥ 2 per connection) 
3. Crossbeams on timber frames (n ≥ 2 per connection)

Regulation: ETA-11/0190, EC 5 (spacings, tmin based on ρk)
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4.7.3 �Minimum spacings and minimum member thicknesses for laterally loaded screws in laminated veneer lumber (LVL) 
made of softwood

 
Spacings with screws in the wide face

Spacings with screws in the narrow face

Figure 42: Spacings and angles in laminated veneer lumber (LVL) made of softwood.

Table 43: �Minimum spacings and minimum member thicknesses for laterally loaded screws in members made of laminated veneer lumber (LVL) 
made of softwood in accordance with DIN EN 13986, DIN EN 14279 and DIN EN 14374.

ASSY®plus: not pre-drilled 
ASSY®: pre-drilled

ASSY®: not pre-drilled

a1 ka · (4 + |cos α|) d a) ka · (7 + 8 |cos α|) d a)

a2 ka · (3 + |sin α|) d a) ka · 7 d a)

a3,t (7 + 5 |cos α|) d (15 + 5 |cos α|) d
a3,c 7 d 15 d
a4,t (3 + 4 |sin α|) d (7 + 5 |sin α|) d
a4,c 3 d 7 d
Minimum member thicknesses tmin for different outer thread diameters d
d 6 b) 8 10 12 14 6 b) 8 10 12 14
tmin 24 30 40 80 100 24 30 40 80 100
Table values in mm. 
a) �ka = 1.0 for timber-to-timber connections, ka = 0.85 for engineered timber-to-timber connections (see Table 14), 

ka = 0.7 for sheet timber-to-steel connections
b) Minimum outer thread diameters for screws in the narrow faces of laminated veneer lumber with cross layers (LVL-C)
Members with a characteristic bulk density of ρk > 500 kg/m³ must be pre-drilled before the screws are inserted.

Regulation: ETA-11/0190, EC 5 (spacings)

For special cases, refer to the type approval of the respective LVL manufacturer.
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4.7.4 �Minimum spacings and minimum member thicknesses for laterally loaded screws in glued laminated veneer lumber 
(GLVL) made of beech in accordance with ETA-14/0354

Spacings with screws in the wide face

Spacings with screws in the narrow face

Figure 43: Spacings and angles in laminated veneer lumber made of beech.

Table 44: �Minimum spacings and minimum member thicknesses for laterally loaded screws in glued laminated veneer lumber (GLVL) made of beech  
(ETA-14/0354).

ASSY®plus: pre-drilled 
ASSY®: pre-drilled

ASSY®plus: not pre-drilled 
ASSY®: not pre-drilled

a1 ka · (4 + |cos α|) d a) ka · (7 + 8 |cos α|) d a)

a2 ka · (3 + |sin α|) d a) ka · 7 d a)

a3,t (7 + 5 |cos α|) d (15 + 5 |cos α|) d
a3,c 7 d 15 d
a4,t (3 + 4 |sin α|) d (7 + 5 |sin α|) d
a4,c 3 d 7 d
Minimum member thicknesses for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12
tmin 24 30 40 80 100 42 b) 56 b) 70 b) 84 b)

Table values in mm. 
a) �ka = 1.0 for timber-to-timber connections, ka = 0.85 for engineered timber-to-timber connections (see Table 14), 

ka = 0.7 for sheet timber-to-steel connections
b) Minimum thicknesses t ≥ 7 d apply where 5 ≤ d ≤ 12, type S; there is no minimum thickness for type Q.

Regulation: ETA-11/0190, EC 5

Table 45 contains the maximum permissible embedment depths th,max for carbon steel screws that can be screwed in without pre-drilling. Larger embed-
ment depths must be pre-drilled for the entire screw length.

Table 45: Maximum permissible embedment depth th,max without pre-drilling.

All ASSY®plus ASSY®

Outer thread diameter d in mm 6 8 10 12 5 6 7 7.5 8 10
Embedment depth th,max in mm 30 48 80 96 50 60 70 75 80 100
Regulation: ETA-11/0190
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4.7.5 Minimum spacings and minimum member thicknesses for laterally loaded screws in cross-laminated timber (CLT)
Unless otherwise stated in the approvals by the cross-laminated timber (CLT) manufacturer, the minimum values for axial and edge spacings for screws in 
cross-laminated timber (CLT) provided in Table 46 apply.

The grain direction of the face layer should be used as the basis for arranging screws in the side face. For screws arranged in the narrow face, the grain 
direction of the respective layer applies, if relevant.

Screw connections in the narrow face that are subjected to loads perpendicular to the face layer plane may, under certain circumstances, be subjected to 
transverse tensile stresses, which can be absorbed by appropriate screws acting as transverse tensile reinforcement.

Figure 44: Spacings in cross-laminated timber.

Table 46: Minimum spacings for screw connections in the side faces or narrow faces of cross-laminated timber (CLT) made of softwood.

ASSY®plus: not pre-drilled 
ASSY®: not pre-drilled
Side face Narrow face

a1 4 d 10 d
a2 2.5 d 4 d
a3,t 6 d 12 d
a3,c 6 d 7 d
a4,t 6 d 6 d
a4,c 2.5 d 3 d
Minimum member thicknesses and minimum embedment depths for different outer thread diameters d
d 6 8 10 12 14 6 8 10 12 14
d 6 8 10 12 14 6 8 10 12 14
tCLT 60 80 100 120 140 60 80 100 120 140
th No specifications 60 80 100 120 140
Table values in mm.
The specifications also apply to connections between cross-laminated timber and sheet steel.
A narrow-face screw connection in the face layer is only permissible if the face layer is considered a single member ("board") and the corresponding fastener spacings are adhered to.  
See also Eq. (4.11). If two outer board layers are orientated in the same direction, the inner board layer is considered a separate layer.

Regulation: ETA-11/0190
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4.7.6 End-grain screw connection
For screw connections in the end grain (ε = 0°), the spacings given in Table 47 should be used.

Figure 45: Definition of the edge and axial spacings of screws arranged parallel to the grain in the end grain (ε = 0°) for solid wood-based products.

Table 47: �Minimum spacings for laterally loaded screws in the end grain surfaces with an angle of ε = 0° between the screw axis and grain direction, 
members made of solid timber (ST/FST), glued solid timber (GST) or glued laminated timber (GL) made of softwood.

ASSY®plus: not pre-drilled 
ASSY®: pre-drilled

ASSY®: not pre-drilled

ρk ≤ 500 kg/m³ ρk ≤ 420 kg/m³ 420 kg/m³ < ρk ≤ 500 kg/m³
a2 4 d 5 d 7 d
a4,t 7 d 10 d 12 d
a4,c 3 d 5 d 7 d
Minimum embedment depths t h for different outer thread diameters d
d 6 8 10 12 14
d 6 8 10 12 14
th 60 80 100 120 140
Table values in mm.

Regulation: ETA-11/0190, see EC 5 (Table 8.2)
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4.7.7 Examples for spacings, effective number of screws and member thickness

Example 1: 2 x 3 ASSY® 4 CSMP 6.0 x 240/70 mm screws

Pre-determined:
•	 Arrangement not offset
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³ (see table 58)
ρk,2 = 365 kg/m³
α = 0° (cos 0° = 1; sin 0° = 0)

Figure 46: Butt strap joint, spacings not pre-drilled, no drill tip.

Sought: nef,ges; lStoß,1/2
based on Table 41, column 3:

 

based on Eq. (4.18), (4.19) and Table 38:
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Example 2: 2 x 3 ASSY®plus 4 CSMP 8.0 x 240/100.5 mm screws

Pre-determined:
•	 Arrangement not offset
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³ (see table 58)
ρk,2 = 365 kg/m³
α = 0° (cos 0° = 1; sin 0° = 0)

Figure 47: Butt strap joint, spacings not pre-drilled, with drill tip.

Sought: nef,ges; lStoß,1/2
based on Table 41, column 2:

 

based on Eq. (4.18), (4.19) and Table 38:

Comparison of Examples 1 and 2

Screws nges nef lStoß in mm Offset 
arrangement

Fastener 
costs

Installation 
time

Connection 
surface

Splitting 
risk

Example 1 6 x 240 PT 6 5.56 324 No - - + +
Example 2 8 x 240 PT* 6 3.74 272 No + + - -
* With drill tip� + = increase; – = decrease

For screws with drill tips, the minimum spacings for pre-drilled members can be used. The equations for non pre-drilled members is required to determine 
the embedment strength of screws with drill tips (see Section 4.3).
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Example 3: 2 x 3 ASSY®plus 4 CSMP 8.0 x 240/100.5 mm screws, arrangement offset by d

Pre-determined:
•	 Arrangement offset by d
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³ (see table 58)
ρk,2 = 365 kg/m³
α = 0° (cos 0° = 1; sin 0° = 0)

Figure 48: Butt strap joint, spacings not pre-drilled, with drill tip, arrangement offset by d.

Sought: nef,ges; lStoß,1/2
based on Table 41, column 2:

 

based on Eq. (4.18), (4.19) and Table 38 (where a1 = 10d due to the offset arrangement and therefore kef = 0.85):

Comparison of Examples 2 and 3

Screws nges nef lStoß in mm Offset 
arrangement

Fastener 
costs

Installation 
time

Connection 
surface

Splitting 
risk

Example 2 8 x 240 PT* 6 3.72 272 No 0 0 0 +
Example 3 8 x 240 PT* 6 5.09 272 Yes 0 0 0 -
* With drill tip � 0 = same; + = increase; – = decrease
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Example 4: 1 x 4 ASSY®plus 4 CSMP 6.0 x 200/70 mm screws, arrangement offset by d

Pre-determined:
•	 Arrangement offset by d
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³; ρk,2 = 365 kg/m³
α1 = 0° (cos 0° = 1; sin 0° = 0)
α2 = 90° (cos 90° = 0; sin 90° = 1)	

Figure 49: Butt strap joint less than 90°.

Sought: nef,ges
based on Table 41, column 2:

 

based on Eq. (4.18), (4.19):
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Example 5: 3 x 2 ASSY®plus 4 CSMP 6.0 x 120/70 mm screws

Pre-determined:
•	 Arrangement not offset
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³; ρk,2 = 365 kg/m³
α1 = 0° (cos 0° = 1; sin 0° = 0)
α2 = 45° (cos 45° = sin 45° =  )

Figure 50: Butt strap joint less than 45°.

Sought: nef,min

Spacing selection based on Table 41, column 2:
 

Spacing verification:
a4,c,2ist ≥ a4,c,2min	 6d > 3d ✓	 a2,1ist ≥ a2,1min 	 7d > 3d ✓
a2,2ist ≥ a2,2min 	 7.2d > 3.7d ✓	 a1,1ist ≥ a1,1min 	 10.2d > 5d ✓
a1, 2ist ≥ a1, 2min 	 9.9d > 4.7d ✓
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Effective number of screws:
based on Eq. (4.18), (4.19) and Table 38 and Eq. (4.22):
Member 1:

Member 2:

77ASSY® screws – Manual for ETA-11/0190



Example 6: 2 x 3 ASSY® 4 CSMP 6.0 x 120/70 mm screws

Pre-determined:
•	 Arrangement not offset
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³ (see table 58)
ρk,2 = 365 kg/m³
α = 0° (cos 0° = 1; sin 0° = 0)

Figure 51: Butt strap joint, where a1,1 = a3,t,1 = 25d.

Sought: nef,ges; lStoß,1/2
based on the specified height for member 1 and no pre-drilling, spacings a1,1 and a3,t,1 must be increased to 25d. Then a4,c.1 can be reduced to 3d.  
(see Section 4.7.1 and Table 41, column 2):

 

based on Eq. (4.18), (4.19) and Table 38:
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Example 7: 2 x 2 ASSY® 4 CSMP 8.0 x 200/80.5 mm screws

Pre-determined:
•	 Arrangement not offset
•	 Installation without pre-drilling

ρk,1 = 380 kg/m³ (see table 58)
ρk,2 = 365 kg/m³
α = 0° (cos 0° = 1; sin 0° = 0)

Figure 52: Butt strap joint with C 30 and size 8 screws.

Sought: nef,ges; lStoß,1/2
based on Table 41, column 2:

 

based on Eq. (4.24), (4.18) and (4.19):

Width and height verification: 
b = 2 · a4,c + a2 b = 2 · 5d + 5d = 120 mm
bmin = bist ✓
tmin,1 = 70.3 mm; tmin,2 = 135 mm; tmin < tist ✓
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Example 8: 3 x 3 ASSY® 4 CSMP 6.0 x 240/70 mm screws

Pre-determined:
•	 Arrangement not offset
•	 Installation without pre-drilling

ρk,1 = 350 kg/m³ (see table 58)
ρk,2 = 365 kg/m³
α = 0° (cos 0° = 1; sin 0° = 0)

Figure 53: Butt strap joint with C 24 and size 6 screws.

Sought: nef,ges; lStoß,1/2
based on Table 41, column 2:

 

based on Eq. (4.18), (4.19) and Table 38:

Width and height verification: 
b = 2 · a4,c + 2 · a2 = 120 mm
bmin = bist ✓
tmin = 84 mm; tmin < tist ✓
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Example 9: 2 x 3 ASSY®plus VG 4 CSMP 8.0 x 340 mm screws

Pre-determined:
•	 Member 1: CLT 4-2-4-2-4
•	 Member 2: CLT 4-2-4-2-4
•	 Arrangement not offset
•	 Installation without pre-drilling

Figure 54: Spacings in cross-laminated timber (CLT).

Sought: nef,ges
Based on Table 46, columns 2 and 3:

 

based on Eq. (4.19):

Verification that screws engage in the outer layers:
tΣi 	 = 2 + 4 + 2 = 8 cm
tΣi > a2 ✓
tdl 	 = 4 cm; tdl < a4,t ✓
tCLT 	 = 4 + 2 + 4 + 2 + 4 
	 = 16 cm
tCLT > a2 + a4,c + a4,t ✓
tdl < a4,t ✓
→ �The spacings in the narrow face are decisive.
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4.8 �Screw-induced failure mechanisms in the affected members – block shear

4.8.1 General information
Screw-induced loads acting parallel to the grain can lead to brittle timber failure in structural members. A distinction is made between two block shear 
cases (see Figure 55).
 

(a)	 (b)

Figure 55: �Brittle failure mechanisms in accordance with EC 5.  
(a) Case 1: Block shear failure over the entire cross-sectional height 
(b) Case 2: Block shear failure over part of the cross-sectional height

The member splits open and partial sections are sheared or torn off. The calculation of the characteristic block shear capacity Fbs,Rk is explained in the 
following section.

4.8.2 Block shear failure in accordance with EC 5
Block shear failure occurs when the block surrounded by the screws shears off on two (Case 1) or three faces (Case 2) and the rear net tensile area tears 
off parallel to the grain.

It can be assumed that either the shear planes or the net tensile area has failed. Therefore, the characteristic block shear capacity Fbs,Rk (in accordance 
with EC 5 Part 1-1, Annex A) is derived from the maximum load-bearing capacity of the two faces using Eq. (4.25). The characteristic block shear capacity 
is determined for both failure cases and the smaller value is decisive.

(4.25)

Where:

	 Characteristic value of the shear strength of the timber

	 Characteristic value of the tensile strength of the timber parallel to the grain direction

Figure 56: �Block shear failure in accordance with EC 5 Part 1-1, Annex A. Left: top view; top-right: the fastener penetrates the timber member and two 
plastic hinges form; bottom-right: residual cross-section after failure in Case 2.

82 ASSY® screws – Manual for ETA-11/0190 This document is a planning aid.  
The values provided must be verified by authorised persons before application.



When determining the applicable areas, the penetration depth and the failure mechanism of the fasteners are taken into account. The net shear plane Anet,v 
(blue area in Figure 56 ) is designed using Eq. (4.26) and the net tensile area Anet,t (red area in Figure 56) using Eq. (4.27) for the respective failure cases. 
To calculate the net tensile area in Case 2, the minimum embedment depth t1 and the effective embedment depthtef should be used. If the fastener fully pen-
etrates the member and the decisive failure mechanism of the screw corresponds to Figure 34 (c) or Figure 35 (f) , Case 2 does not need to be considered. 

(4.26)

	  

(4.27)

The effective embedment depthtef results from the screw failure mechanism contained in the brackets, which is decisive for the calculation of the load-
bearing capacity (see Section 4.2, Eq. [4.5] and [4.6], Figures 33 to 35).

For thin sheet steel (for the failure mechanisms inside the brackets)

For thick sheet steel (for the failure mechanisms inside the brackets)
(4.28)

	  
Where:

	 Thickness of the timber member

	 Embedment depth of a screw

	 Characteristic yield moment of a screw

	 Characteristic embedment strength of the timber

4.9 Screwed connections with an interlayer

4.9.1 General information
Screwed connections with interlayers that are subjected to shear cannot be designed as described in the general regulations of EC 5. If interlayers are 
present in a connection, extended Johansen equations as provided by Blaß and Laskewitz (2003) can be used to design the contact ratio FD,k. These 
design equations are also included in Draft EC 5.

A distinction must be made between connections with moveable and immoveable interlayers. An interlayer is considered immovable if it is force-locked to 
one of the two members being connected, either by adhesion or mechanical fasteners.

The load-bearing capacities with a movable interlayer can be designed for timber-to-timber connections using Eq. (4.30). For timber-to-steel connections 
with movable interlayer, Eq. (4.31) and (4.32) are used.

If an immovable interlayer is ensured by the structural design, Eq. (4.33) is used for timber-to-timber connections and Eq. (4.34) to (4.35) for timber-to-steel 
connections.

In addition to the equations listed here, the load-bearing capacity of each joint (steel/interlayer, wood/interlayer) must be determined using the Johansen 
equations provided in Section 4.3. The embedment strengths of the individual members or the interlayer must be used. In the extreme case that the inter-
layer is made of steel, fh,k = ∞. The rope effect Frp,k should only be considered if the members are in contact with each other and any existing interlayer is 
sufficiently stiff to ensure a constant spacing between the members. Air interlayers can be taken into account with fh,k = 0 and Frp,k = 0.
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When calculating the shear load-bearing capacity without taking into account rope effect, it must be noted that the modification factors kmod have already 
been accounted in the embedment strengths. Instead of using Eq. (4.1), (4.7) and (4.16), the design value of the load-bearing capacity per screw and 
shear plane is therefore determined using Eq. (4.29).

(4.29)

The following conventions apply to all subsequent equations in this section:

	 Modification factor for member 1, member 2 or the interlayer

	 Characteristic embedment strength of member 1, member 2 or the interlayer

	 Embedment depth in member 1, member 2 or the interlayer

	 Outer thread diameter

	 Characteristic yield moment of a screw

	 Medium bulk density of member 1, member 2 or the interlayer in kg/m³
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4.9.2 Load-bearing capacity of a screw in a moveable interlayer
The load-bearing capacity of a screw in timber-to-timber connections with a moveable interlayer is determined by Eq. (4.30):

(4.30)

Where:

The load-bearing capacity of a screw in timber-to-steel connections with a moveable interlayer and thick sheet steel is determined using Eq. (4.31).

(4.31)

Where:

For a screw in timber-to-steel connections with thin sheet steel, Eq. (4.32) is used.

(4.32)
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Where:

4.9.3 Load-bearing capacity of a screw in an immovable interlayer
The load-bearing capacity of a screw in timber-to-timber connections with an immovable interlayer is determined by Eq. (4.33):

(4.33)

Where:

For screws in timber-to-steel connections with an immovable interlayer and thick sheet steel, the load-bearing capacity is determined using Eq. (4.34).

(4.34)

Where:
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The load-bearing capacity of a screw in timber-to-steel connections with thin sheet steel is designed using Eq. (4.35).

(4.35)

Where:

 
4.10 Multi-shear connections

4.10.1 General information
For multi-shear connections, the total load-bearing capacity should be determined as the sum of the minimum load-bearing capacities of all shear planes, 
with each shear plane considered as part of a series of double-shear connections. The plausible sequence of potential failure types for a multi-shear con-
nection must be considered over the length of the pin. As the connections are generally symmetrical, only half of the shear planes need to be examined.

Procedure:
•	 Divide the multi-shear connections into single-shear connections. Only members adjacent to the shear plane should be considered.
•	 Determine the design values of the load-bearing capacity Fv,d using Eq. (4.16) for each shear plane, taking into account the plausibility criteria.
•	 The design value of the total load-bearing capacity of the connection is assumed as the sum of the minimum load-bearing capacities of all shear planes

The use of ASSY® screws in accordance with ETA-11/0190 in multi-shear connections with internal sheet steel is not recommended, as the manufacture, fit-
ting accuracy and slip-free load transfer between the screw shank or screw thread and the sheet steel cannot be guaranteed in such connections.

4.10.2 Calculation of the load-bearing capacity of a screw in multi-shear connections
The directions of the forces in the shear planes are determined based on the known direction of force in the connected timbers, as the embedment strength 
of the timber members is dependent on the force/grain angle.

For each shear plane in the connection, the load-bearing capacity of a hypothetical singe-shear connection is determined by adjusting the widths of the 
adjacent members A and B to the shear plane according to the arrangement of the respective shear plane in the connection, see Figure 57. The hypothet-
ical member widths correspond to half the actual widths for internal members and the full actual width for external members.

4.10.3 Plausibility criteria
The compatibility of the failure modes of the successive shear planes must also be verified. It is important to note that for internal members, it is not per-
mitted for the fasteners to be inclined at the edge of the hypothetical member, as the fasteners must run continuously through the connection (horizontal tan-
gent at the transitions of the hypothetical connections).

For the outermost shear planes (shear planes I and IV in Figure 57), failure modes (c) (inclination) and (e) (plastic hinge in member 1) as shown in Figure 31 
are excluded due to this boundary condition. For the internal shear planes (shear planes II and III in Figure 57), failure modes (c) (inclination), (d) (plastic 
hinge in member 2) and (e) (plastic hinge in member 1) as shown in Figure 31 are excluded.

Finally, the load-bearing capacities of the individual shear planes can be determined according to Johansen's theory and added together.
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Shear plane I to IV

Members 1 to 5

Load-bearing 
capacity
Plane I (and IV):
t1 = b1
t2 = b2/2

Load-bearing 
capacity 
Plane II (and III)
t1 = b2/2
t2 = b3/2

Symmetry:
b1 = b5
b2= b4
Load-bearing capacity of plane I = Load-bearing capacity of plane IV
Load-bearing capacity of plane II = Load-bearing capacity of plane III

Possible failure cases for plane I (and IV):

Load-bearing capacity of plane II (and III)

Figure 57: Step-by-step procedure for determining the load-bearing capacities of a screw in a four-shear timber-to-timber connection.

4.11 �Fire design of screwed connections subjected to shear stress in accordance  
with EC 5 Part 1-2

4.11.1 Simplified rules for unprotected connections
Unprotected timber-to-timber connections with screws d ≥ 3.5 with edge and hole spacings in accordance with Section 4.7 generally have a fire resistance 
period of 15 minutes. For screw connections with non-protruding heads, fire resistance periods of 30 minutes can be achieved if the thicknesses and widths 
of the side members and the end and edge spacings are increased by the value afi; see Figure 58. Eq. (4.36) is used to calculate afi. When cold, the part 
of the connection increased by afi must not be used to calculate the load-bearing capacity.

(4.36)

Where:

	 Ideal charring rate of the timber

	 Coefficient to account for the increased heat flow through the screw

	 Required fire resistance period with standard fire exposure, ≤ 30 min

	 Fire resistance period of the unprotected connection, for screwed connections 15 min
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Figure 58: Increase of the timber dimensions using the simplified method.

4.11.2 Simplified rules for protected connections
If the connection is protected by additional cladding made of timber, engineered wood or gypsum boards of type A or H, the time until the start of charring 
is determined using Eq. (4.37). If the connection is protected by type F gypsum boards, the factor 0.5 can be replaced with 1.2.

(4.37)

Where:

	 Period until the start of charring for a protected member

	 Required fire resistance period for standard fire exposure

	 Fire resistance period of the unprotected connection, for screwed connections 15 min

For connections in which the screws are protected by glued wooden dowels, the length of the wooden dowels should be determined using Eq. (4.36).

4.11.3 Simplified rules for connections with internal sheet steel
For connections with internal sheet steel with thicknesses t ≥ 2 mm where the steel plate does not protrude beyond the edges of the timber, the width of the 
sheet steel bSt should fulfil the conditions described in Table 48.

Table 48: Widths of sheet steel with unprotected edges.

Boundary conditions bSt

Unprotected edges in general
R 30 ≥ 200 mm
R 60 ≥ 280 mm

Unprotected edges on one or two sides
R 30 ≥ 120 mm
R 60 ≥ 280 mm

Regulation: EC 5 Part 1-2

Sheet steel with a smaller width than that of the timber members can be considered protected in the following cases (see Figure 59):
•	 Sheet steels with thicknesst ≤ 3 mm and gap depth dg larger than 20 mm for a fire resistance period of 30 minutes or dg greater than 60 mm for a fire 

resistance period of 60 minutes.
•	 Connections with glued covering strips or protective engineered wood boards and gap depth dg or panel thickness hp greater than 10 mm for a fire 

resistance period of 30 minutes, or greater than 30 mm for a fire resistance period of 60 minutes
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Figure 59: �Protection of sheet steel edges (fasteners not shown).  
(a) unprotected, (b) protected by a gap, (c) protected by glued strips, (d) protected by cladding.

4.11.4 Start of charring
For fire protection claddings consisting of one or more layers of timber or engineered wood, the period to the start of charring tch of the protected connec-
tion is determined using Eq. (4.38).

(4.38)

Where:

	 Thickness of the cladding; total thickness in the case of multiple layers

	 One-dimensional charring rate

For single-layer claddings with gypsum board of type A, F or H in accordance with EN 520, the period to the start of charring t h outside of the joint areas 
or in areas with filled joints or open joints with a width ≤ 2 mm should be determined using Eq. (4.39). For areas with open joints, Eq. (4.40) is used.

For claddings consisting of two layers of gypsum boards of type A or H, the period to the start of charring should be determined by Eq. (4.38) , with hp 
used as the thickness of the outer layer plus 50 % of the inner layer.

For claddings consisting of two layers of type F gypsum boards, the period to the start of charring should be determined by Eq. (4.38) , with hp used as the 
thickness of the outer layer plus 80 % of the inner layer.

(4.39)

(4.40)

4.11.5 Charring rates
EC 5 Part 1-2 regulates the charring rates as shown in Table 49.

Table 49: Mass burning rates for different engineered wood.

Material β0 βn

Softwood and beech
Glued laminated timber (GL) with a characteristic bulk density ≥ 290 kg/m³ 0.65 0.70
Solid timber (ST/ FST) with a characteristic bulk density ≥ 290 kg/m³ 0.65 0.80
Hardwood
Solid timber or glued laminated timber with a characteristic bulk density ≥ 290 kg/m³ 0.65 0.70
Solid timber or glued laminated timber with a characteristic bulk density ≥ 450 kg/m³ 0.50 0,55
Laminated veneer lumber (LVL)
With a characteristic bulk density ≥ 480 kg/m³ 0.65 0.70
Boards
Timber cladding 0.9 a) -
Plywood (PW) 1.0 a) -
Engineered wood board excluding plywood 0.9 a) -
a) The values are valid for a characteristic bulk density of 450 kg/m³ and a material thickness of 20 mm. For other configurations, see EC 5 Part 1-2.

Regulation: EC 5 Part 1-2
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4.11.6 Connections with external sheet steel
The load-bearing capacity of unprotected sheet steel should be determined in accordance with EC 3 Part 1-2. For the calculation of the section factor of 
the sheet plate, it can be assumed that the steel surfaces in contact with timber are not exposed to fire.

External sheet steel is considered protected if it is completely covered by a cladding made of timber or engineered wood with a minimum thickness afi as 
determined by Eq. (4.36) , wherehe,fi = 5 min. An evaluation of Eq. (4.36) is provided in Table 50. Other fire protection measures should be assessed in 
accordance with EC 3 Part 1-2.

Table 50: Timber covering afi in mm for connections with external sheet steel as determined by Eq. (4.36).

treq 30 60 90
Softwood and beech
GL, ρk ≥ 290 kg/m³ 26.3 57.8 89.3
ST/FST, ρk ≥ 290 kg/m³ 30.0 66.0 102
Hardwood
ST/FST or GL, ρk ≥ 290 kg/m³ 26.3 57.8 89.3
ST/FST or GL, ρk ≥ 450 kg/m³ 20.6 45.4 70.1
Laminated veneer lumber
LVL, ρk ≥ 480 kg/m³ 26.3 57.8 89.3
Regulation: EC 5 Part 1-2

4.12 Slip modulus of screws subjected to shear stress

4.12.1 Slip modulus of timber-to-timber, engineered timber-to-timber and timber-to-steel connections
The mean slip modulus in the serviceability limit state KSLS,v can be designed for non-pre-drilled screws subjected to shear per shear plane for two timber 
members with the same density using Eq. (4.41)  (with d in mm and ρmean in kg/m³). For pre-drilled screws, Eq. (4.42) is applied in the same way. The slip 
modulus of all ASSY®plus screws should also be designed using Eq. (4.41) , provided the screw is not pre-drilled.

 
N/mm (4.41)

 
N/mm (4.42)

If two connected engineered wood components have different mean bulk densities ρmean,1 and ρmean,2, ρmean should be designed using Eq. (4.43).

(4.43)

For sheet timber-to-steel and concrete/wood connections where the fastener is sufficiently secured against rotation in the steel or concrete, the slip modulus 
KSLS,v determined through Eq. (4.41) and Eq. (4.42) must be doubled.

If the angle between the force direction and grain direction α = 90°, the slip modulus KSLS,v determined through Eq. (4.41) or Eq. (4.42) should be halved. 
If the force/grain angle is 0° < α < 90°, the slip modulus should be linearly interpolated.
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4.13 Calculation examples

4.13.1 Connections with screws subjected to shear stress
4.13.1.1 General information
This section concerns the connection shown below (Figure 60, see Section 4.7.7, Example 3). The load-bearing capacity of the connection should be deter-
mined assuming a load duration class of "medium" and service class 1.
 

Figure 60: Calculation example – single-shear connection with 2 x 3 ASSY®plus 4 CSMP 8.0 x 240/101 mm screws.

The following parameters are present in the example:

Service class SC 1

Load duration class LDC Medium

Modification factor kmod 0.8

Members

Member 1 Member 2

Strength class C24 GL 24c

Characteristic bulk density ρk 350 kg/m³ 365 kg/m³

Member thickness t1 120 mm -

Embedment depth th,2 - 120 mm

Elasticity modulus E0,mean 11,000 N/mm² 11,000 N/mm²

Shear modulus Gmean 690 N/mm² 650 N/mm²

Screw parameters

Thread length lg 101 mm (incl. drill tip)

Head diameter dhead 15 mm

Head pull-through parameter fhead,k 14 N/mm² (see Table 13)

Yield moment My,k 23 kNm

Tensile resistance ftens,k 21.5 kN

Withdrawal parameter fax,k 12.0 N/mm²

Spacings

a1 ≥ 5 · d = 40 mm

a2 ≥ 3 · d = 40 mm

a3,t ≥ 12 · d = 96 mm

a4,c ≥ 3 · d = 40 mm
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4.13.1.2 Axial load-bearing capacity
To account for the rope effect, the axial load-bearing capacity of the screw must first be designed.

4.13.1.3 Shear load-bearing capacity
Effective number of fasteners
Since the fasteners are arranged offset parallel to the grain direction and the force is applied in the grain direction, Eq. (4.18), (4.19) and Table 38 are 
used as in Example 3: nef,1 = nef,2 = 5.09 screws

Calculation of embedment strengths
Since the connected members have different bulk densities, two embedment strengths must be determined. Although the screws have a drill tip, they are not 
pre-drilled. Therefore, the embedment strength must be designed for non-pre-drilled screws. The angle between the screw axis and grain direction ε is 90°.

The ratio of the embedment strength β is determined as follows:

Calculation of the load-bearing capacity in accordance with the Johansen cases
This case concerns a single-shear timber-to-timber connection. Therefore, failure cases (a) to (f) described in Section 4.3 must be taken into account. The 
rope effect contribution Frp,k must be limited for screwed connections as follows:
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The load-bearing capacities for the individual failure cases are designed as follows (the term th,2/t1 = 120/120 = 1.0 is used here).

The rope effect can be considered for the following failure cases by using Eq. (4.7):
•	 For timber-to-timber connections in failure cases (c), (d), (e), (f), (j) and (k).

Thus, the following characteristic load-bearing capacities are determined:

In cases (c) to (f) with rope effect:

The decisive factor for the load-bearing capacity is failure case (f) with two plastic hinges per shear plane. The design value of the load-bearing capacity 
per fastener and shear plane is therefore:
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The total load-bearing capacity of the connection Fv,Rd for a shear load is therefore:

4.13.1.4 Fire design
A fire resistance of R 30 (treq = 30 min) is required for the connection.

The minimum edge and hole spacings given in Section 4.7.2 are used. The screw heads are screwed in flush with the surface. The simplified procedure in 
EC 5 Part 2 (see Section 4.11.1) can be applied.

Specifications:

Required fire resistance period treq 30 min

Fire resistance period of the unprotected connection td,fi 15 min

Member 1, solid timber C24

Charring rate βn,1 0.8 mm/min

Member 2, glued laminated timber GL 24c

Charring rate βn,2 0.7 mm/min

The fire resistance period can be increased to up to 30 minutes using the simplified procedure by increasing the edge distances and member thicknesses by 
the value afi. Since timbers of different strength classes are used for the connection, the following afi values apply:

For member 1 or member 2, the thickness and the edge and end distances must be increased by 18 mm and 16 mm respectively. Since the edge distance 
a4,c for both members is 40 mm and therefore greater than the required minimum spacing of 3   d = 24 mm, an increase of 24 + 18 – 40 = 2 mm in each 
direction is sufficient. Since the spacing a2 with the selected value of 40 mm is also greater than the required minimum dimension of 24 mm and the block 
shear verifications are not decisive for the load-bearing capacity of the connection, the spacing a2 can be reduced by 2 · 2 = 4 mm, meaning that a timber 
width of 120 mm is sufficient. The load-bearing capacity for the brittle failure mechanisms must be verified again. The end distances a3,t must be increased 
as follows:

The screw can be countersunk into the timber. Alternatively, a longer screw must be selected so that the shear load capacity can be maintained. The 
increase in the load-bearing capacity of the cold design due to the greater embedment depth in member 1 must not be taken into account in the calcula-
tion. The thickness of member 2 does not need to be adjusted, as the screws are only partially embedded in member 2. The existing timber covering pro-
vides adequate fire protection.

This results in the connection shown in Figure 61 with increased dimensions and an adjusted ASSY®plus 4 CSMP 8.0 x 260/100.5 mm screw compared to 
the cold design shown in Figure 60.
 

95ASSY® screws – Manual for ETA-11/0190



Figure 61: Calculation example – modified connection for fire design.
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4.13.2 Timber-to-steel connection with laterally loaded screws
4.13.2.1 General information
This section considers the connection shown in Figure 62 to assess its load-bearing capacity with respect to shear and brittle failure in the timber. Based on 
the calculation example in Section 3.12.1, identical cross-sections and an approximately identical connection area have been selected.
 

Dimensions in cm

Figure 62: Calculation example – timber-to-steel connection with laterally loaded screws.

The following specifications apply:

Geometry and material

Member 1

Material, steel grade S235

Thickness/height tS/h1 = 1.5 cm/12.0 cm

Yield strength fy,k = 235 N/mm²

Member 2
Material, strength class GL 28h
Thickness/height t2/h2 = 16.0 cm/20 cm
Force/grain angle α = 0°
Raw density ρk = 425 kg/m³
Modification factor kmod = 0.80
Tensile strength ft,0,k = 22.3 N/mm²
Shear strength fv,k = 3.5 N/mm²

Action
Service class SC 1
Load duration class Medium

Fasteners ASSY®plus 4 CSMP 8.0 x 140/80.5
Diameter d = 8.0 mm
Head diameter dhead = 15.0 mm
Length l = 140 mm
Withdrawal parameter fax,k = 12.0 N/mm²
Tensile resistance ftens,k = 21.5 kN
Partial safety factor γM = 1.3
Screw/grain angle ε = 90°

Spacings Yes Minimum value
a1 64 mm ≥ 4 · d ✓

a2 29 mm ≥ 2.1  · d ✓

a3,t 96 mm ≥ 12 · d ✓

a4,c 56 mm ≥ 3 · d ✓

97ASSY® screws – Manual for ETA-11/0190



Note: Based on Table 42, ka = 0.7 can be used for a1 and a2 in timber-to-steel connections. For a1, this results in 3.5 · d. However, spacings a1 < 4d are 
not permitted, since according to Table 38 (cross-reference) no kef can be determined for smaller a1 values.

4.13.2.2 Axial load-bearing capacity
The thread dimensions of the screw and the material properties determine the characteristic axial load-bearing capacity of the screw in the timber member 
Fax,t,k 

Where:

4.13.2.3 Shear load-bearing capacity
Calculation of embedment strengths
An embedment strength must be determined for the timber-to-steel connection. The screws have a drill tip and are screwed in without pre-drilling. Therefore, 
the embedment strength must be designed for non-pre-drilled screws. The screw/grain angle εis 90°.

Calculation of the load-bearing capacity in accordance with the Johansen cases
This case concerns a single-shear timber-to-steel connection with thick sheet metal. Therefore, failure cases (c), (d) and (e) as described in Section 4.3.2 
must be examined (Eq. [4.5], Figure 34). The rope effect contribution Frp,k must be limited for screwed connections as follows:

The load-bearing capacities of the individual failure cases can be designed as follows using t1 = min(l – tS; t2) = 125 mm:

The rope effect can be considered for the following failure cases by using Eq. (4.7):
•	 For timber-to-steel connections in failure cases (b), (d), (e), (g), (h); this leaves (d) and (e).

The following characteristic load-bearing capacities are determined:

In cases (d) to (e) with rope effect:

The decisive factor for the load-bearing capacity is failure case (e) with two plastic hinges per shear plane. The design value of the load-bearing capacity 
per fastener and shear plane is:

98 ASSY® screws – Manual for ETA-11/0190 This document is a planning aid.  
The values provided must be verified by authorised persons before application.



The total load-bearing capacity of the connection Fv,Rd for a shear load is determined with a1 = 8 ∙ d, a non-offset arrangement and loading parallel to the 
grain direction (for kef see Table 38): 

	 Number of fastener rows parallel to the grain direction

	 Number of fastener rows perpendicular to the load

	 Effective number of fasteners parallel to the grain direction and load

	 Effective number of screws in the connection as determined by Eq. (3.29)

Therefore:

4.13.2.4 Block shear capacity in accordance with EC 5
Since the screws subjected to shear are located in the end grain area and subjected to stress in the direction of the end grain, brittle failure of the connec-
tion (see Section 4.8) must be taken into account.
 

Dimensions in cm

Figure 63: Calculation example – block shear failure and contributing areas.

First, the net embedment depth tef is designed as an input variable. Using case e as the decisive Johansen case and based on Eq. (4.29):

The net tensile area Anet,t and the net shear plane Anet,v with the required specifications:

	 Partial lengths of i lengths of the net tensile area (see Figure 56, left)

	 Partial lengths 1 and 6 of the net shear plane (see Figure 56, left)

	 Partial lengths 2 to 5 and 7 to 10 of the net shear plane (see Figure 56, left)
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are designed for Case 1:

are designed for Case 2:

The design value of the tensile strength ft,0,d and the shear strength fv,d are:

The design value of the block shear capacity Fbs,Rd is given by:

Case 2 (failure over part of the cross-sectional height) is decisive for the block shear capacity. The design value of the load-bearing capacity Fbs,Rd = 
53.6 kN of the block surrounded by screws in this example is greater than the design value of the shear load-bearing capacity Fv,Rd = 53.7 kN of the 
screwed connection. Consequently, for this connection (in this example), the block shear capacity and the shear load-bearing capacity are decisive, i.e. the 
member fails along the shear planeAnet,v as the steel plate moves due to the formation of plastic hinges in the screws.
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5 �Combined loads



If a connection is subjected to both axial loading and loading perpendicular to the fastener axes, thus resulting in shear force, a combined verification 
using Eq. (5.1) must be carried out in addition to the verifications in Sections 3 and 4.

(5.1)

Where:

	 Design value of the axial action

	 Design value of the axial load-bearing capacity in accordance with Section 3.7

	 Design value of the acting shear force

	 Design value of the shear load-bearing capacity in accordance with Section 4.6
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6 �Transverse tension 
reinforcement



6.1 General information

Transverse tension reinforcement with wood screws is similar to non-prestressed reinforcement in concrete. Due to the low strength of timber across the 
grain, which is prone to cracking, the transverse tensile strength is neglected in the design of reinforced members.

All ASSY® fully threaded screws can used as transverse tension reinforcement in members with notches, openings or transverse connections.

In accordance with ETA-11/0190, the provisions for the reinforcement of timber members subjected to tensile stress perpendicular to the grain apply to 
members made of the following materials:
•	 Solid timber (ST/FST) made of softwood or beech, oak or ash hardwood
•	 Glued solid timber (GST) made of softwood or beech, oak or ash hardwood
•	 Glued laminated timber (GL, BGL) made of softwood or beech, oak or ash hardwood
•	 Laminated veneer lumber (LVL-P, GLVL-P) made of softwood or beech, excluding: Reinforcing screws embedded parallel to the face layer,  

i.e. with β = 0°
•	 Cross-laminated timber (CLT) made of softwood.

According to Dietsch (2017), reinforcing screws installed at an angle ε = 90°over larger beam areas prevent the timber members from shrinking and 
swelling freely. This is known as the restraining effect and leads to cracks in the timber member, particularly in the event of shrinkage due to stresses acting 
perpendicular to the grain, which can reduce the load-bearing capacity. Based on these findings, the following construction recommendations according 
to Danzer et al. (2022) have been derived, which should be considered where possible:
•	 Larger spacings between the reinforcing screws
•	 Reduction of the height of the reinforced area in the timber member
•	 Inclined arrangement of the reinforcing screws at ε ≠ 90° where possible

Generally, the following equation must be fulfilled for the transverse tension reinforcement:

(6.1)

The below equation applies to the load-bearing capacity of ASSY® fully threaded screws in accordance with EC 5 and Section 3.7.1 of this document

(6.2)

For all ASSY® fully threaded screws used for transverse tension reinforcement, nef = n applies. For lw, see Figures 65, 70, 73 and 78.

Further recommendations according to Dietsch (2019):
1. �For timber members in permanently dry or frequently changing climates, fully bonded reinforcement elements are recommended (slower drying, lower 

stiffness ratio).
2. �Members in dry environments should be dried to the equilibrium moisture content prior to installation (e.g. softwood in insulated, heated buildings: 7 % 

to 10 % with an annual fluctuation of ± 3 %).

Further details can be found in Dietsch (2019).
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6.2 Notches

6.2.1 General information
In beams with notches, very high transverse tensile and shear stresses (stress concentrations) develop at the re-entrant corners, which can lead to failure 
of unreinforced beams even under low loads. The transverse tensile stresses decrease rapidly as the distance from the notch corner increases. Dietsch and 
Brandner (2015) therefore recommend placing reinforcements as close as possible to the notch corners. For notched beams, the effect of the stress con-
centration in the notch generally has to be taken into account in the verification of the load-bearing capacity. Fluctuating ambient humidity can cause addi-
tional climate-related transverse tensile stresses, which combine with the transverse tensile stresses caused by external loads. Notches without reinforcement 
should only be used in service classes 1 and 2. Notches in service class 3 must always be reinforced.
 

Transverse tension

Compression
perpendicular
to the grain

(a)	 (b)	 (c)

Figure 64: Types of notches.

6.2.2 Unreinforced notches
Verification of unreinforced notches using Eq. (6.60) in accordance with EC 5

(6.3)

where kv,n = 1 for notches of type (c) as depicted in Figure 64 and beams with compressive stresses in the notch corner. For notches of type (a) or (b) as 
shown in Figure 64, the following applies

Where:

	 Inclination of the notch; see Figure 64 (b). For 90° notches: i = 0

	      where lVoute is the length of the haunch

	 Height of the beam in mm

	 Distance between the line of action of the bearing force and the notch corner in mm

	 Quotient of the residual beam height hef and the beam height h
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6.2.3 Reinforcement
Notches can be reinforced with fully threaded screws arranged perpendicular or inclined to the grain (see Figure 65, [a] and [b]). A board attached to the 
end grain as shown in Figure 65 (c) should be verified in the same way as a notch.

(a)	 (b)	 (c)

Figure 65: Notch reinforcements.

Notch reinforcements should be designed for the following tensile force action:

(6.4)

The following equation is used for the load-bearing capacity:

, see Eq. (3.22) and (3.24)

The following condition must be fulfilled for the reinforcement:

, see Eq. (6.1)

Further construction and design rules:
•	 In the longitudinal direction of the beam, only the first screw or row of screws near the notch corner should be considered in the calculations.
•	 The following geometric recommendations provided in DIN 1052 and Holzbau Handbuch 2-1-2 (2016) apply: 

•	 The reinforcing screws should be embedded such that the transverse tensile force acting upwards is anchored in the upper third of the cross-section. If 
the reinforcing screw ends below this limit, additional transverse tension verifications must be carried out.

Construction and design rules in accordance with Draft EC 5:
•	 If        , then an additional verification is required for the unreinforced area of the notch.
•	 The reinforcing screws should be sufficiently embedded above the notched area      .
•	 The load-bearing capacity of the reinforced notch with fasteners arranged perpendicular to the grain direction is limited to twice the load-bearing 

capacity of the unreinforced notch (see Eq. [6.3]) 
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6.2.4 Calculation example
6.2.4.1 General information

Figure 66: Calculation example – unreinforced notch.

Geometry and material
Cross-sectional width	 b	 =	 120 mm
Cross-sectional height	 h	 =	 560 mm
Material			   GL 24c
Characteristic bulk density	 ρk	 =	 365 kg/m³
Characteristic value of the shear strength 	 fv,k	 =	 3.50 N/mm²
Design factor 	 kcr	 =	 2.5/3.5
Partial safety factor 	 γM	 =	 1.3
Residual beam height 	 hef	 =	  440 mm
Support centre to notch edge	 x	 =	 200 mm
Notch inclination	 i	 =	 0 (inclination = 90°)

Verification of the geometric recommendations:

Action
Design load	 VEd	 =	 46.1 kN
Service class			   1
Load duration class			   Medium
Modification factor	 kmod	 =	 0.8

6.2.4.2	 Verification of the shear stress in the residual cross-section
Where kmod = 0.8; γM = 1.3 and kcr = 2.5/3.5
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6.2.4.3 Verification of the unreinforced notch

→ Load-bearing capacity of the residual cross-section exceeded by 99 %
→ Reinforcement required!

Where:

→ The load-bearing capacity of the residual cross-section is exceeded by 99 %. Reinforcement is required.

6.2.4.4 Verification of the reinforced notch
For the selected ASSY®plus VG 4 CH 8.0 x 420 mm fully threaded screws, the characteristic tensile resistance is  (see Section 3.4). 
The characteristic pull-out resistance is designed above and below the crack plane:

 (see Section 3.3)

Member			   1	 2	
Anchorage length	 lw,i	 =	 120	 300	 mm
Angle factor	 kax,i	 =	 1.0	 1.0	 -
Angle factor	 kβ,i	 =	 1.0	 1.0	 -
Characteristic bulk density	 ρk,i	 =	 365	 365	 kg/m³
Reference bulk density	 ρref,k,i	=	 350	 350	 kg/m³
Withdrawal parameter	 fax,k	 =	 12.0	 12.0	 N/mm²

ASSY®plus 
VG 4 CH 8.0 x 420

Characteristic load of the axial load-bearing capacity as determined by Eq. (3.18):

Design value of the axial load-bearing capacity as determined by Eq. (3.19):
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Forces acting on the notch:

Width and criteria verification:

•	 Spacings adhered to ✓
•	 One row of screws ✓
•	 Geometric recommendations of DIN 1052 fulfilled ✓
•	 Reinforcing screws embedded in the top third of the cross-section ✓
•	 Support with reinforced notch transfers less than twice the load of the beam with an unreinforced notch ✓

Dimensions in cm

Figure 67: Calculation example – reinforced notch.

Further notes on the example:
As a precaution, fully threaded screws with length l = h – hef + 1.5 x = 420 mm were selected (recommendation from Draft EC 5: 8.3.5.2 [3]).

The embedment depth can be increased by adopting an inclined arrangement. The screws can be placed closer to the base of the notch, which reduces 
the restraining effect. The distance from the screw axis to the notch corner should be > d, see Figure 65.
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6.3 Openings

Figure 68 depicts beams with openings of different shapes (circular and rectangular) and different effects of action. The dotted lines represent the brittle 
fractures that arise from stress redistribution. (see Figure 68 [b]). The transverse tensile force Ft,90,Ed resulting from deflection forces consists of a shear force 
and moment contribution, see Eq. (6.6). Figure 68 (a) depicts fracture lines that form under high shear stresses (Ft,90,V,Ed > Ft,90,M,Ed). Figure 68 (c) depicts 
fracture lines that form under predominant bending stressesFt,90,M,Ed >> Ft,90,V,Ed). Table 51 specifies ultimate limit values for the positioning of openings. 
Openings in SC 3 must be reinforced. For the dimensions, refer to Figure 69.

(a)	 (b)	 (c)

Figure 68: Unreinforced openings.

Table 51: Geometric boundary conditions for unreinforced/reinforced openings.

Boundary conditions Unreinforced Reinforced

Minimum spacings

Maximum dimensions

Where:

	 Length of the overhang

	 Distance from the bearing force to the edge of the opening

	 Length or diameter of the opening

	 Distance between two openings

	 Cross-sectional height

	 Height of the residual cross-section above or below the opening

	 Opening height
Regulation: EC 5
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Corner radius r:
If hd ≤ 200 mm, r ≥ 20 mm
If hd ≤ 200 mm, r ≥ 40 mm

Figure 69: Definition of dimensions with an opening.

6.3.1 Verifications for unreinforced openings
For unreinforced openings, the following conditions must be met:

(6.5) see EC 5, NA.6.7 (NA.63)

Where:
	 Beam width at the opening
	 Design value of the tensile strength of GL or LVL perpendicular to the grain direction

	 h in mm

	 Distribution length for rectangular openings

	 Distribution length for circular openings

For the design value of the force components generating transverse tension, the following equations are used:

(6.6) see EC 5, NA.6.7 (NA.66)

(6.7) see EC 5, NA.6.7 (NA.67)

(6.8) see EC 5, NA.6.7 (NA.68)

Where:
	 Acting shear force created by shear stresses at the opening
	 Acting shear force created by bending stresses at the opening
	 Design value of the acting shear force
	 Design value of the acting bending moment
	 Cross-sectional height
	 Opening height
	 Height of the residual cross-section above or below the opening (for circular + 0.15hd, see Section 6.3.3)
	 Form factor 1.0 for rectangular, 0.7 for circular openings
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6.3.2 Verifications for reinforced openings

, see Eq. (6.1)

Where:

           , see Eq. (3.22) and (3.24)

Figure 70: �Reinforced openings. (1) reinforcing screws, (2) bearing force, (3) fracture line, (4) corner radius.
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6.3.3 Calculation example
The load-bearing capacity of an opening can be designed using the opening module.

Figure 71: Calculation example – unreinforced opening.

Geometry, material and load
Cross-sectional width	 b	 =	 160 mm
Cross-sectional height	 h	 =	 800 mm
Material			   GL 28c
Characteristic bulk density	 ρk	 =	 390 kg/m³
Characteristic value of the shear strength 	 fv,k	 =	 3.50 N/mm²
Design factor 	 kcr	 =	 2.5/3.5
Partial safety factor 	 γM	 =	 1.3
Edge distance 	 lv	 =	  850 mm
Opening distance	 lz	 =	 825 mm
Support distance	 lA	 =	 600 mm
Residual height above/below	 hro/ru	 =	 312.5 mm
Opening diameter	 d	 =	 175 mm

Design value of the acting shear force	 VEd	 =	 45 kN
Design value of the acting bending moment	 MEd	 =	 100 kNm
Service class			   2
Load duration class			   Permanent
Modification factor	 kmod	=	 0.6

Verification of geometric boundary conditions (BC):

→ Reinforcement required!

Verification of geometric boundary conditions (BC) (reinforced):
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Determination of the action

Determination of the axial load-bearing capacity
For the selected ASSY®plus VG 4 CSMP 8.0 x 450 mm fully threaded screws, the characteristic tensile resistance is  (see Section 3.4). 

The characteristic pull-out resistance is designed above and below the crack plane:

 (see Section 3.3)

Area			   1	 2	
Thread length	 lw,i	 =	 339	 111	 mm
Angle factor	 kax,i	 =	 1.0	 1.0	 -
Angle factor	 kβ,i	 =	 1.0	 1.0	 -
Characteristic bulk density	 ρk,i	 =	 390	 390	 kg/m³
Reference bulk density	 ρref,k,i	=	 350	 350	 kg/m³
Withdrawal parameter	 fax,k	 =	 12.0	 12.0	 N/mm²

2 x 2 ASSY®plus 
VG 4 CSMP 8.0 x 450

The characteristic load-bearing capacity as determined by Eq. (3.18)

The design value of the load-bearing capacity as determined by Eq. (3.19)

Verification for one side of the reinforced opening

Verification of increased shear stresses in the at-risk areas
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Where:

The arrangement of the reinforcing screws is shown in Figure 72.
 

Dimensions in cm

Figure 72: Calculation example – reinforced opening.
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6.3.4 Design variants

Figure 73: �Other possible reinforcing screw arrangements. (1) reinforcing screws, (2) bearing force, (3) fracture line, (4) corner radius.

Fracture line in the case Ft,M,d 
< Ft,V,d

Fracture line in the case Ft,M,d 
>> Ft,V,d

Figure 74: Location of the potential crack plane.
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6.4 Transverse connections

The load-bearing capacity of unreinforced transverse connections is generally determined by the load-bearing capacity of the fasteners used. This load-
bearing capacity may be limited by the transverse tensile stresses occurring in these connections.

6.4.1 Verification for unreinforced transverse connections 

Figure 75: Transverse connection with a fastener gap (n0 = 1; in accordance with EC 5).

(6.9) see EC 5, (8.2)

Where:

(6.10) see EC 5, (8.4)

	 Width of the nail plate parallel to the grain direction in mm

117ASSY® screws – Manual for ETA-11/0190



6.4.2 Transverse connection with multiple fastener gaps

Figure 76: Transverse connection with multiple fastener gaps (n0 = 2; in accordance with EC 5, NCI to 8.1.4).

The shorter the distance h1 of the uppermost fastener row from the unloaded edge, the lower the risk of transverse tensile failure. Therefore, the decisive 
factor for verifying the transverse tensile stresses is always the fastener row with the greatest distance from the loaded beam edge he, since the sum of the 
stress contributions from all fastener rows is at the maximum at this location.

General conditions
•	       → No further transverse tensile verification required
•	       → Transverse tensile verification required

Further conditions
•	       → Only permitted for loads of load duration classes (LDC) “short” or “very short”
•	       → Transverse tensile reinforcement required
•	         → Transverse tensile reinforcement required 
•	 Clear spacing between the fastener groups  

→ Load-bearing capacity F90,Rd can be determined separately for each fastener group
•	 Clear spacing between the fastener groups  

→ The fasteners in these groups should be considered as a single fastener group
•	 Clear spacing between the fastener groups  

→ Load-bearing capacity F90,Rd per fastener group should be reduced by the factor kg

where 

•	 More than two fastener groups placed side by side where     and  
→ Transverse tensile reinforcement required

(6.11) see EC 5, NCI to 8.1.4, (NA.103)

Where:

(6.12) see EC 5, NCI to 8.1.4, (NA.104)

	 Factor to account for multiple fasteners arranged side by side.

118 ASSY® screws – Manual for ETA-11/0190 This document is a planning aid.  
The values provided must be verified by authorised persons before application.



	 Factor to account for multiple fasteners arranged one above the other
	� For connections with axially loaded wood screws (or other internal, axially loaded profiled rods), the following 

applies:
	

	 Number of fasteners perpendicular to the grain direction (for the member subjected to transverse tension)

Figure 77: Transverse connection with multiple fasteners and a beam with two transverse connections.

Table 52: Effective embedment depth tef for double-sided or central transverse connections.

For timber-to-timber or engineered timber-to-timber connections with nails or wood screws

For sheet timber-to-steel nail connections

For dowel and bolted connections

For connections with special dowel types

For connections with axially loaded wood screws

Regulation: EC 5

Table 53: Effective embedment depth tef for single-sided transverse connections.

For timber-to-timber or engineered timber-to-timber connections with nails or wood screws

For sheet timber-to-steel nail connections

For dowel and bolted connections

For connections with special dowel types

Regulation: EC 5
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6.4.3 Reinforcement of transverse connections with fully threaded screws
General information for the design of the transverse tension reinforcement:
•	 The tensile strength of the timber is not considered when determining the load on the reinforcement.
•	 The reinforcing screws should be embedded such that the transverse tensile force acting upwards is anchored in the upper third of the cross-section. If 

the reinforcing screws end below this limit, additional transverse tension verifications must be carried out.
 

(a)	 (b)

Figure 78: �Transverse connection with reinforcement with load acting downwards (a) or upwards (b). 
(1) reinforcing screw, (2) fracture line.

For the design value of the force components generating transverse tension, the following equations are used:

(6.13)

Where:

	 Ratio 

	 Design value of the tensile action effect perpendicular to the grain direction

The following equation is used for the verification of the reinforcement of the transverse connection:

 see Eq. (6.1)

Where:

	

	 Design value of the axial load-bearing capacity, see Eq. (3.22)
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6.4.4 Calculation example
The load-bearing capacity of a transverse connection can be designed using the transverse connection module.

Figure 79: Calculation example – unreinforced transverse connection.

•	 Connection: 2 x 3 dowel dSDü = 12 mm
•	 90° screws as reinforcement

Geometry and material 
Cross-sectional width	 b	 =	 160 mm
Cross-sectional height	 h	 =	 280 mm
Material			   GL 24c
Characteristic bulk density	 ρk	 =	 365 kg/m³
Characteristic transverse tensile  
strength	 ft,90k	 =	 0.50 N/mm²
Partial safety factor 	 γM	 =	 1.3
Diameter of the dowel connection	 dSDü	 =	 12 mm
Embedment depth  
of the dowel connection	 tSDü	 =	 160 mm
Distance between the top dowel row  
and the top edge h1 = h – he	 h1	 =	 140 mm
Number of vertical dowel rows 	 n90	 =	  2
Distance between the top dowel row  
and the bottom edge	 he	 =	 140 mm
Width of the transverse connection	 ar	 =	 120 mm
Distance between the bottom  
dowel row and the top edge	 h2	 =	 220 mm

Action:
Design load	 F90,Ed	=	 33.9 kN
Service class			   1
Load duration class			   Medium
Modification factor	 kmod	 =	 0.8

Verification of the geometric boundary conditions:

	 → Unreinforced verification required

	 → LCD "short" or "very short" not required

	 → Reinforcement not required
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Load-bearing capacity of the unreinforced connection:

Where:

Verification

     
→ Transverse tensile reinforcement required

Load-bearing capacity of the reinforced connection:
Design value of the action on the transverse tensile reinforcement

Based on Eq. (3.18) and (3.19) and the selected ASSY®plus VG 4 CH 6.0 x 
240 mm fully threaded screws, the following must be designed for the rein-
forcement above and below the crack plane:

Characteristic tensile resistance
          (see Section 3.4) 2 x 2 ASSY®plus 

VG 4 CH 6.0 x 240

Characteristic pull-out resistance

 (see Section 3.3):
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Where:

Characteristic load-bearing capacity

Design value of the load-bearing capacity

Verification of the transverse tension reinforcement

Verification fulfilled.

Dimensions in cm

Figure 80: Calculation example – transverse connection with four fully threaded screws outside the connection.
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Dimensions in cm

Figure 81: Calculation example – transverse connection with four fully threaded screws at the point of crack development.
 

Dimensions in cm

Figure 82: Calculation example – transverse connection with four fully threaded screws as close as possible to the shear plane.

Notes: 
•	 In Figure 80, the reinforcing screws are arranged in the direction of the grain in front of and behind the connection and close to the shear plane, since 

the development of cracks is expected in the area of high bearing stress.
•	 If the connection layout is known, the reinforcing screws can be installed even closer to the location where cracks are expected to develop, see Figure 

81 and Figure 82.
•	 The reinforcing screws must be placed close to the connection in all cases.

In addition to the arrangements of the reinforcing screws shown above, it should be noted that, according to the standard, a uniform distribution of the rein-
forcing screws over the cross-section is permitted.
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7 �Transverse  
compression 
and transverse 
compression 
reinforcement



7.1 Transverse compression verification in accordance with EC 5 (unreinforced)

Areas subjected to transverse compression must be verified using Eq. (7.1). The factor kc,90 accounts for the different load-bearing behaviour of members 
made of solid timber (ST/FST) and glued laminated timber (GL) that are subjected to transverse compression. A distinction is made between sill compres-
sion and support compression, as well as full-area and partial-area loading of the members. Detailed explanations of the influence of these factors can be 
found in Blaß and Görlacher (2004) and Neuhaus (2017). Relevant examples can also be found in Neuhaus (2017). Additional factors such as the length 
lc,90 of the compression area and the spacing ls of the shear loads are also considered in the transverse compression verification.

(7.1)

Where:

 Design value of the compressive stress in the contact area (7.2)

	 Design value of the compressive force perpendicular to the grain direction

	 Effective contact area taking into account the effective contact length

	 Factor to account for the type of action, the splitting risk and the degree of compressive deformation, see Table 54.

 Design value of the compressive strength perpendicular to the grain direction (7.3)

For compression acting perpendicular to the grain direction, the actual contact area length lc,90 can be increased by 30 mm on each side parallel to the 
grain direction, but not by more than le, lc,90 or ls/2. Figure 83 below shows a member with continuous support (left) and a member with point support 
(right).
 

(a)	 (b)

Figure 83: Sill (a) and beam (b) with transverse compressive load.
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Factor kc,90 is generally 1.0. Depending on the support conditions, the values in Table 54 can be assumed:

Table 54: Applicable values for kc,90.

For sill compression (continuous support),  
if     (Figure 83 [a])

For solid timber (ST/FST) made of softwood

For glued laminated timber (GL) made of softwood

For support compression (point support),  
if     (Figure 83 [b])

For solid timber (ST/FST) made of softwood

For glued laminated timber (GL) made of softwood

Regulation: EC 5

Especially for laminated veneer lumber, the product approval must be taken into account when determining factor kc,90.

7.2 Support reinforcement

7.2.1 Design
Requirements for the reinforcement of timber members subjected to compression perpendicular to the grain direction:
•	 Fully threaded screws (FTS) perpendicular to the surface with an angle to the grain of 45° ≤ ε ≤ 90°
•	 Uniform force transfer across the entire bearing area
•	 The requirement for uniform force transfer is fulfilled by:

- �A sufficiently stiff bearing plate, see Eq. (7.5)
- �Uniform distribution of the screws across the bearing area
- �Screws inserted with the screw heads flush with the timber surface (socket head and countersunk head screws)
- �A sufficient rotational capacity of the support, see Figure 85 This is ensured if the support rotations induced by deflections are accommodated by a 
suitable elastomeric bearing (where Δwc,90 > 1 mm).

•	 The rules for minimum member thicknesses and spacings as specified in Section 3.7.3 apply
•	 The reinforcement of members made of hardwood is not regulated

(a)	 (b)	 (c)

Figure 84: �Reinforcement on the end support (a), intermediate support (b) and in the cross-section (c). 
(1) steel plate, (2) elastomer, (3) compressive force, (4) plane of the fully activated member width, (5) compressive force.
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Figure 85: Illustration of Δwc,90 (exaggerated representation).

The load capacity of a reinforced timber member is designed using Eq. (7.4). Eq. (7.4) (a) is the verification of the transverse compressive stresses in the 
plane of the screw heads combined with the compressive load capacity of the reinforcing screws. Eq. (7.4) (b) describes the verification of the transverse 
compressive stresses in the plane of the screw tips.

(7.4)

Where: 

	 for end support, FTS head

	 for intermediate support, FTS head

	 for end support, FTS tip

	 for intermediate support, FTS tip

	 in N/mm²

	 1) LVL in accordance with Z-9.1-847
	 2) LVL in accordance with Z-9.1-842
	 3) LVL in accordance with Z-9.1-890
	 4) LVL in accordance with Z-9.1-880

	  taking into account the minimum spacings in Section 3.7.3

Recommendation for the steel plate thickness tS in mm with any screw spacing, see also Figure 86:

(7.5)

Where:

	 Design value of the acting compressive force in a reinforcing screw in N

 Calculated penetration depth parallel to the grain direction in mm (7.6)

 Calculated penetration depth perpendicular to the grain direction in mm (7.7)

	� Head diameter of the reinforcing screws in mm (d1 for load transfer with cut-off through screws, see Figure 91)

 Design value of the yield strength of the steel where      (in accordance with EC 3) in N/mm2 (7.8)
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For a1, a2, a3,S and a4,S, the values from the transverse compression verification must be used; see Sections 7.2.2 and 7.3.2.

Figure 86: Spacing designations on the bearing plate.

Recommendation for the steel plate thickness tS in mm in accordance with Draft EC 5 with fixed fastener spacings, see also Figure 86:

(7.9)

Assuming that: 

 and 

Where:

	 Design value of the acting compressive force in a reinforcing screw in N

	 Design value of the yield strength of the steel where      (in accordance with EC 3) in N/mm2
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7.2.2 Calculation example
The load-bearing capacity in the support area of a beam with regard to transverse compression and any transverse compression reinforcement that may 
be required in this case can be designed using the transverse compression verification and transverse compression reinforcement 
module.

Figure 87: Calculation example – unreinforced support.

Geometry and material
Cross-sectional width	 b	 =	 120 mm
Cross-sectional height	 h	 =	 560 mm
Material			   GL 24c
Characteristic bulk density	 ρk	 =	 365 kg/m³
Characteristic shear strength	 ft,90k	 =	 2.50 N/mm²
Partial safety factor 	 γM	 =	 1.3
Support width	 bc,90	 =	 120 mm
Support length	 lc,90	 =	 240 mm
Distance to the load at the top	 ls	 =	 45 mm
Support type			   End support

Action
Design load	 Fc,90,Ed	 =	 91.0 kN
Service class			   1
Load duration class			   Permanent
Modification factor	 kmod	 =	 0.6

Load capacity of the unreinforced support based on Eq. (7.1); kc,90 = 1.0 because /s < 2h:

Where:
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Verification for unreinforced

     → Reinforcement required!

Verification of the reinforced support based on Eq. (7.4):

Based on Eq. (3.20) and (3.21) and the selected ASSY®plus VG 4 CH 8.0 x 
530 mm  
fully threaded screws, the following values apply for the reinforcing screws:
         (see Table 8).

3 x 2 ASSY®plus 
VG 4 CH 8.0 x 530

The load-bearing capacity of the reinforcement

 (see Section 3.3)) must be designed at the screw tip:

Anchorage length	 lw	 =	 530	 mm
Angle factor	 kax	 =	 1.0	 -
Angle factor	 k β	 =	 1.0	 -
Characteristic bulk density	 ρ k	 =	 365	 kg/m³
Reference bulk density	 ρref,k	 =	 350	 kg/m³
Withdrawal parameter	 fax,k	 =	 12.0	 N/mm²

Verification of the screw spacings (Table 30):

Characteristic load-bearing capacity where Fc,k = 11.4 kN as per Table 19:

Design value of the axial load-bearing capacity – because Fc,k is the buckling resistance of the steel screw, the following applies:

Verifications of the reinforcement in the plane of the screw head and screw tip, see Eq. (7.4) (a) and (b):

     → With a single load acting close to the support, kc,90 = 1.0; n = n0 · n90

Where:
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Verification of the transverse compression reinforcement

     → Verification of the deflection: Dwc,90 < 1,0 mm ✓

Dimensions in cm

Figure 88: Calculation example – reinforced support.

Design of the steel plate thickness tS in steel grade S235 with any screw spacing using Eq. (7.5):
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Where

Figure 89: Spacing designations on the bearing plate.

Flat steel with thickness        in steel grade S235 has been selected.

7.3 Load transfer

7.3.1 Design
According to Draft EC 5, double-sided reinforcement of the timber members for load transfer is permitted under the following conditions:
•	 All requirements defined for transverse compression reinforcement apply here as well.
•	 The minimum spacings between the overlapping fully threaded screws must be maintained.
•	 The opposing support surfaces should be arranged axially symmetrical to each other.

The load capacity for each support surface can be determined at follows, see Eq. (7.4) (a). The verification of the transverse compressive stresses in the 
plane of the screw tips can be omitted, see Eq. (7.4) (b).

     see Eq. (7.4) (a)

Where:

Each of the two support surfaces must be verified for the load acting on it. If a difference arises between surface 1 and surface 2 (see Figures 90 and 91) 
due to an acting shear force, a larger number of screws may be required on the side with the higher load. The arrangement and overlap length must be 

(siehe Tabelle 1)
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designed such that the force transfer is ensured (Figure 91: a greater number of screws is required in surface 2; fully threaded screws [FTS] are used first in 
this surface; screws are arranged alternately.)

The following geometric boundary conditions must be observed:

Figure 90: �Arrangement and depiction of load transfer. (1) FTS surface 1, (2) FTS surface 2, (3) sheet steel, (4) elastomer, (5) compressive force on the 
beam, (6) FTS spacing parallel to the grain direction a1 = 5 d.

Figure 91: Force flow through the overlapping screws. (1) FTS surface 1, (2) FTS surface 2.

The maximum screw length for overlapping screws can be designed using Eq. (7.10).

(7.10)
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Table 55: Minimum screw lengths and minimum beam heights for load transfers (values in mm).

Outer thread diameter d 6 8 10 12
Fixed screw spacing parallel to the grain direction a1 30 40 50 60
Minimum embedment depth without overlap at member edge 1 l1,min 90 120 150 180
Minimum embedment depth without overlap at member edge 2 l2,min 90 120 150 180
Minimum overlap length l1,2,min 60 80 100 120
Minimum screw lengthls,min = lw,min = l1,min + l1.2,min 150 200 250 300
Maximum screw length ls,max = hmin – 15·d 150 200 250 300
Minimum beam height hmin = l1,min + l2,min + l1,2,min 240 320 400 480
Regulation: Draft EC 5

As an alternative to the system described above for load transfer using opposing and overlapping fully threaded screws, ASSY®plus VG and ASSY® 
fully threaded screws can also be screwed in from a single side flush with the timber surface, similar to transverse compression reinforcement. Only the 
screws should be considered in the verification. The absorption or transfer of the loads through transverse compression in the timber must not be taken into 
account. The verification must always be carried out using the larger of the two load components. Screws slightly longer than the corresponding member 
height should be selected. The protruding screw tips must then be cut flush with the timber surface using a suitable tool.

Notes:
•	 It is recommended to pre-drill the members for the screws to ensure that they are screwed in at the correct location.
•	 In the case of identical loads, the core diameter of the screw d1 is the decisive factor for the design of the steel plate as determined by Eq. (7.5).
 

Figure 92: Alternative system to load transfer. (1) steel plate, (2) elastomer, (3) compressive force on the beam, (4) cut screws.
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7.3.2 Calculation examples
7.3.2.1 Load transfer with overlapping screws

Figure 93: Calculation example – load transfer with overlapping screws. Dimensions in cm.

Geometry and material
Cross-sectional width	 b	 =	 140 mm
Cross-sectional height	 h	 =	 560 mm
Material			   GL 24c
Characteristic bulk density	 ρk	 =	 365 kg/m³
Transverse compressive strength	 ft,90k	 =	 2.50 N/mm²
Partial safety factor 	 γM	 =	 1.3
Support width	 bc,90	 = 	140 mm
Support length	 lc,90	 =	 240 mm
Support type			   Intermediate support
Service class			   1
Load duration class			   Permanent
Modification factor	 kmod	 =	 0.6
Screw type	 ASSY®plus VG 4 CH
	 8.0 x 400 mm
Number of screws	 n1	 =	 9
	 n2	 =	 9
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Determination of the load-bearing capacity of an ASSY®plus VG 4 CH 8.0 x 400 mm screw
The following applies to the characteristic pull-out resistance of a screw when pressed in:

 (see Section 3.3)

Where:

	  

For the characteristic value of the buckling resistance of the screw, as stipulated in Table 19:

 see Section 3.5.1

Therefore, the design value of the load-bearing capacity of a screw is obtained as follows:

Verification of the geometric boundary conditions:

In this case, with an equal number of screws n1 = n2 = 9 and equal bearing surface lengths lc,90,1 = lc,90,2 = 240 mm, the load-bearing capacity for load 
transfer is the same on beam sides 1 and 2.
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Calculation of the maximum load-bearing capacity with nine ASSY®plus VG 4 CH 8.0 x 400 mm screws

Where:

Design of the steel plate thickness tS in steel grade S235 with any screw spacing using Eq. (7.5):

Note:
•	 For the design of the steel plate with maximum load-bearing capacity, Fc,Ed = Fc,Rd is used.

Where:

(siehe Tabelle 1)
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Figure 94: Spacing designations on the bearing plate.

Flat steel with thickness        in steel grade S235 has been selected.

7.3.2.2 Load transfer with through screws

Figure 95: Calculation example – load transfer with through screws.
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Geometry and material
Cross-sectional width	 b	 =	 140 mm
Cross-sectional height	 h	 =	 560 mm
Material			   GL 24c
Characteristic bulk density	 ρk	 =	 365 kg/m³
Partial safety factor 	 γM	 =	 1.3
Support width	 bc,90	 =	 140 mm
Support length	 lc,90	 =	 240 mm
Support type			   Intermediate support
Service class			   1
Load duration class			   Permanent
Modification factor	 kmod	 =	 0.6
Screw type	 ASSY®plus VG 4 CH
	 8.0 x 580 mm
Number of screws	 n1 = n2 =	 18

Execution note for the pilot hole:
•	 Nominal diameter of the drill bit in accordance with Table 11: 5 mm 

Determination of the load-bearing capacity of an ASSY®plus VG 4 CH 8.0 x 580 mm screw (cut to 560 mm)
As in the previous example, the buckling resistance is the decisive factor; see above.

Therefore, the design value of the load-bearing capacity of a screw is obtained as follows:

Load-bearing capacity verification for load transfer with 3 x 5 ASSY®plus VG 4 CH 8.0 x 580 mm screws (cut to 560 mm)

Where:

	 see Eq. (3.24)

Design of the steel plate thickness tS in steel grade S235 with any screw spacing using Eq. (7.5)

Notes:
•	 For the design of the steel plate with maximum load-bearing capacity, Fc,Ed = Fc,Rd is used.
•	 Since the design is carried out at the screw tips which are cut flush with the timber surface, dhead is replaced with d1.
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Geometry and material
Cross-sectional width	 b	 =	 140 mm
Cross-sectional height	 h	 =	 560 mm
Material			   GL 24c
Characteristic bulk density	 ρk	 =	 365 kg/m³
Partial safety factor 	 γM	 =	 1.3
Support width	 bc,90	 =	 140 mm
Support length	 lc,90	 =	 240 mm
Support type			   Intermediate support
Service class			   1
Load duration class			   Permanent
Modification factor	 kmod	 =	 0.6
Screw type	 ASSY®plus VG 4 CH
	 8.0 x 580 mm
Number of screws	 n1 = n2 =	 18

Execution note for the pilot hole:
•	 Nominal diameter of the drill bit in accordance with Table 11: 5 mm 

Determination of the load-bearing capacity of an ASSY®plus VG 4 CH 8.0 x 580 mm screw (cut to 560 mm)
As in the previous example, the buckling resistance is the decisive factor; see above.

Therefore, the design value of the load-bearing capacity of a screw is obtained as follows:

Load-bearing capacity verification for load transfer with 3 x 5 ASSY®plus VG 4 CH 8.0 x 580 mm screws (cut to 560 mm)

Where:

	 see Eq. (3.24)

Design of the steel plate thickness tS in steel grade S235 with any screw spacing using Eq. (7.5)

Notes:
•	 For the design of the steel plate with maximum load-bearing capacity, Fc,Ed = Fc,Rd is used.
•	 Since the design is carried out at the screw tips which are cut flush with the timber surface, dhead is replaced with d1.

Where:

Figure 96: Spacing designations on the bearing plate.

A thick plate (DIN EN 10025-2-S235JR) with thickness        has been selected.

Comparison
In the example with through screws, approximately 40 % more load can be transferred compared to the load transfer with overlapping screws with the 
same support and beam geometry.

(siehe Tabelle 2, Spalte 3 – Bohrspitze)

141ASSY® screws – Manual for ETA-11/0190



8 �Crack reinforcement  
with dowel-type 
fasteners



8.1 General information

Fully threaded screws can prevent splitting perpendicular to the grain direction in connections with laterally loaded dowel-type fasteners. To achieve this, 
the screws must be arranged between the dowel-type fasteners, perpendicular to the grain direction (see Figure 97).

The splitting tensile force Ft,90,Ed perpendicular to the grain for each reinforcing screw should, according to Blaß and Bejtka (2008), be assumed as 30 % of 
the design shear force per fastener and shear plane Fv,0,Ed. Accordingly, the verification of the reinforcement can be carried out using Eq. (8.1).

(8.1)

Where:

	 Design value of the effect of action per fastener and shear plane parallel to the grain direction

To determine the design value of the axial load-bearing capacity Fax,t,d, see Section 3. The effective anchorage length lw of the threaded section of the rein-
forcing screws is the smaller of the anchorage lengths lw,1 at the screw head and lw,2 at the screw tip (see Figure 97).

If each middle and side member is reinforced below each fastener, the effective number of fasteners according to EC 5 may be assumed as nef = n. The 
spacings of the laterally loaded dowel-type fasteners can be reduced to their minimum spacings. The reinforcing fully threaded screws should be arranged 
as close as possible to the shear plane with a4,CG ≥ 3 · dr. Here, dr is the outer thread diameter of the reinforcing screw.
 

Figure 97: �Dowel/bolt connection with reinforcing screws.  
(1) dowel, (2) through bolt, (3) embedded sheet steel, (4) possible crack line, (5) reinforcing screw.
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8.2 Calculation example

Figure 98: Dowel connection reinforced with fully threaded screws.� 2 x 5 x 2 dia. 24 x 200 dowel

Cross-sectional width	 b1,2	 =	 220 mm
Cross-sectional height	 h1,2	 =	 280 mm
Material	 QS1,2	 =	 GL 28h
Bulk density	 ρk,1,2	 =	 425 kg/m³
Embedment strength 	 fh,k,SDü	 =	 26.5 N/mm²
Tensile strength of the dowel 	 fu,k,S235	 =	 360 N/mm²
Sheet steel thickness	 tS	 =	 16 mm
Dowel embedment depth	 t1	 =	 92 mm

Action
Design load	 Ft,0,Ed	 =	 410 kN
Service class			   1
Load duration class			   Short
Modification factor	 kmod	 =	 0.9
Partial safety factor 	 γM	 =	 1.3

Embedment strength of the dowel (identical to pre-drilled screw, see Section 4.3, Eq. [4.9]):

Yield moment of the dowel in accordance with EC 5:

Load-bearing capacity of the dowel, see Section 4.3, Eq. (4.6):

No axial load-bearing capacity 
with dowel
→    
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Based on Eq. (3.22), the values for fully threaded screws 
d = 8 mm are as follows:
          (see Section 3.4)
          (see Table 15)

2 x 5 x 2 ASSY®plus 
VG 4 CH 8.0 x 280

The load-bearing capacity of the reinforcement (see Section 3.3)) is determined using the embedment depth above and below the dowel row for both 
cross-sections:

Position in member			   Top	 Bottom
Anchorage length	 lw	 =	 90	 90	 mm
Angle factor	 kax	 =	 1.0	 1.0	 -
Angle factor	 kβ	 =	 1.0	 1.0	 -
Bulk density	 ρk	 =	 425	 425	 kg/m³
Reference bulk density	 ρref,k,	 =	 350	 350	 kg/m³
Withdrawal parameter	 fax,k	 =	 12.0	 12.0	 N/mm²

In this case, lw is identical at the screw tip (bottom) and the screw 
head (top).

Dimensions are dependent on the member height, screw length, 
dowel position and embedment depth!

The design value of the axial resistance is obtained as:

The effect of action on each dowel can be designed as:

The effect of action on each reinforcing screw can be designed as:

The verification is finally determined as:

For the reinforcing screws, the spacings provided in Figure 94apply; for the dowels pins, EC 5, Table 8.5 applies.

Additional notes:
In this example (load acting in one direction), the screws can be arranged according to the following recommendation:  
          (see Draft EC 5, Section 11.3.6, Figure 11.12), whereby      is obtained. 

For alternating loads, the reinforcing screws should be arranged centrally between the dowels with       , whereby      is obtained.

The distance from the shear plane to the reinforcing screws is set to the minimum permissible with     .
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9 �Member  
reinforcements



9.1 Example of beam doubling

9.1.1 General information
An existing beam is subjected to additional loads due conversion of the space. The system must be verified for the new loads and, if necessary, reinforced 
accordingly. The beam is depicted by the system in Figure 99. Before the reinforcement is installed, the beam must unloaded or deformed to an appro-
priate extent in the opposite direction to the load. Before the insertion of the fully threaded screws, full-surface contact must be ensured, if necessary by 
installing structural partially threaded screws.

Beam doubling or beams with a flexible connection can be designed using the beam doubling module.

9.1.2 Specifications of the existing structure and reinforcement
For all specifications, index 1 is used for the reinforcement and index 2 for the existing structure.

Geometry and material Existing structure Reinforcement

Material C24 GL 28h, horizontal

Cross-section W x H 180 x 180 mm² 280 x 80 mm²

Elasticity modulus E 11,000 N/mm² 12,600 N/mm²

Area moment of inertia I 87.5 x 106 N/mm4 12.0 x 106 N/mm4

Section modulus W 972,000 mm³ -

Design value of the tensile strength ft,0,d 8.92 N/mm² -

Design value of the compressive strength fc,0,d - 17.2 N/mm²

Design value of the flexural strength fm,d 14.8 N/mm² 17.2 N/mm²

Design value of the shear strength fv,d 2.46 N/mm² 2.15 N/mm²

Fasteners

ASSY®plus 4 VG CH 8.0 x 260

Effective fastener spacing sef 12.5 cm 12.5 cm

Anchorage lengths lw 147 mm 113 mm

Screw-in angle ε 45° 45°

Action

Sustained loads gk 0.7 kN/m

Variable loads qk 1.3 kN/m

Modification factor kmod 0.8

Partial safety factor gM 1.3

Figure 99: Calculation example – unreinforced system. Dimensions in cm.

9.1.3 Verification of the existing structure
First, it must be checked if the existing beam has sufficient load-bearing capacity for the new load in the ultimate limit state:

Design value of the action:	

Acting moment:	

Acting shear force:	
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Bending stress:	

Utilisation:	

The verification in the ultimate limit state is not fulfilled. The beam must be reinforced.

9.1.4 Verification of the reinforcement
The existing beam made of C24 is reinforced with glued laminated timber in GL 28h on the top. Since the connection of the two beams is made using 
ASSY®plus 4 VG CH 8.0 x 260 mm screws, sef = 12.5 cm, a flexible connection must be assumed. Flexibly connected beams can be designed in accord-
ance with EC 5 Part 1-1, Annex B, using the γ method. The cross-section of the reinforced system is shown on the left of Figure 100.

Figure 100: Calculation example – cross-section of the reinforced system. Dimensions in cm.

In the following, the time t = 0 in the ultimate limit state (ULS) is considered. For a complete system verification, the time t = ∞ in the ULS must also be con-
sidered, as well as times t = 0 and t = ∞ in the serviceability limit state (SLS).

First, the fastener stiffness parallel to the joints is designed. Since the fasteners are installed with an incline, the value KULS,ax,ges is determined using the axial 
stiffness KULS,ax,i based on Eq. (9.1) and assuming a spring connected in series:

(9.1)

Where:

The values of the axial stiffness are designed in accordance with ETA-11/0190 for softwood using Eq. (9.2).

(9.2)

Based on Eq. (9.1), KULS,ax,ges is designed as:

(9.3)

The value for the stiffness parallel to the joint KSLS,v is determined as:
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When calculating the γ factors to determine the effective bending stiffness, the reduced stiffness Ed,i must be taken into account in the ULS. This results in 
Ed,1 or Ed,2as:

Subsequently, the γi factors are determined as:

The spacings of the neutral axes for the partial cross-sections amm,i are determined as:

The effective bending stiffness of the cross-section (EI)ef is determined using Eq. (9.4).

(9.4)

Using the effective bending stiffness, the normal and bending stress components acting in partial cross-sections 1 and 2 can be designed. These are then 
added together to design the edge stresses of the partial cross-sections. 

For partial cross-section 1 (reinforcement) the following stresses and utilisation ratios are determined:
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For partial cross-section 2 (existing structure) the following stresses and utilisation ratios are determined:

The maximum shear stress in the partial cross-section occurs on the neutral axes. For partial cross-section 2:

The fastener must also be verified. The effect of action of a screw is determined as:

The pull-out resistance of a screw as described in Section 3.7.1 is designed as:

The axial load-bearing capacity must be converted to a load-bearing capacity acting parallel to the joint Fv,d:

The utilisation ratio of the screw is then determined as:

Execution note:
•	 Contact must be ensured by installing structural partially threaded screws.
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9.2 Example of lateral reinforcement

9.2.1 General information
The following boundary conditions must be observed when designing a system with lateral reinforcement:
•	 Both cross-sections are designed as single-span beams with supports in the same positions and therefore with the same span length.
•	 The existing cross-section can only transfer part of its load to the reinforcing member if the existing beam is unloaded before screwing in.

(9.5)

Where:

	 Design value of the load, here as the line load of the decisive combination

	 Mean elasticity modulus parallel to the grain direction of cross-section i

	 Area moment of inertia around the y-axis of cross-section i

	 Sum of all bending stiffnesses of the individual cross-section i

The verification of the serviceability limit state requires the deflection to be designed in the initial state (index inst, Eq. [9.6]) and the final state (index fin, 
Eq. [9.7]) in accordance with EC 5, NDP to Section 7.2(2) Ultimate limits for deflection. The total final deflection (index net,fin, Eq. [9.8]) must also be 
determined.

(9.6)

(9.7)

(9.8)

Where:

	 Characteristic load combination 

	 Quasi-constant load combination 

	 Creep deformation

	 Creep factor (see EC 5, Tab. 3.2); for ST/FST, GL, LVL: SC 1: 0.6; SC 2: 0.8; SC 3: 2.0

	 Combination factors in accordance with DIN EN 1990
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9.2.2 Specifications of the existing structure and reinforcement

Geometry and material Existing structure Reinforcement

Material D30 GLVL made of beech 
(ETA-14/0354)

Beam length Lbeam 5 m 5 m

Service class SC 1 1

Cross-section W x H 220 x 280 mm² 40 x 300 mm²

Elasticity modulus E 11,000 N/mm² 16,800 N/mm²

Bulk density in kg/m³ ρk 530 kg/m³ 730 kg/m³

Characteristic flexural strength fm,k 30 N/mm² 75 N/mm²

Characteristic shear strength fv,k 3.9 N/mm² 4.5 N/mm²

Crack factor kcr 0.67 +1.0

Fasteners

Screw cross consisting of ASSY®plus VG 4 CH 6.0 
x 180 

Screw cross spacing econ 1.25 m 1.25 m

Face layer/screw angle b 45° 45°

Screw-in angle ε 90° 90°

Action

LC0: Permanent loads (LDC = permanent) gk 5.7 kN/m

LC1: Variable loads  
(category B, LDC = medium)

qk,1 4.0 kN/m

LC2: Variable loads  
(snow, LDC = short)

qk,2 2.0 kN/m

Partial safety factor gM 1.3

beam

Figure 101: Calculation example – existing system.
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Cross-section characteristics
Based on the geometry and material, the cross-sectional area A, the section modulus Wy and the area moment of inertia Iy are determined (index 1 for the 
reinforcement, index 2 for the existing structure):

9.2.3 Verification of the existing structure
Decisive combination
Load case combination (LCC)	

Load duration class	 Medium
Modification factor	 kmod = 0.8
Deformation factor	 kdef = 0.6

First, it must be checked based on the member verifications whether reinforcement is required:

The following verifications are determined in the ultimate limit state (ULS):

Using the decisive characteristic load combination, the deflections required for the verifications in the serviceability limit state are designed based on Eq. 
(9.6). The combination factors in accordance with DIN EN 1990 are  (snow),  (live load, category B) and  (snow).
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The initial deformation of the quasi-permanent load component winst(qqs) can be used to design the creep deformation wcreep with a creep factor kdef = 0.6 
for ST/FST:

The final deflection wfin and the total final deflection under quasi-permanent loads wnet,fin are designed using Eq. (9.7) and (9.8):

Using the ultimate limits for deformation in accordance with EC 5, Section 7.2 (NDP to 7.2[2]) Ultimate limits for deflection winst ≤ lTräger/300; wfin ≤ 
lTräger/200, wnet,fin ≤ lTräger/300), the following results can be obtained:

The verifications in the serviceability limit state are not fulfilled. Reinforcement is required.

9.2.4 Verification of the reinforced system
For the reinforcement, a 40 mm-thick beech LVL board (ETA-14/0354) is used on one side, which is fastened using screw crosses consisting of ASSY®plus 
VG 4 CH 6.0 x 180 mm screws with a spacing of econ = 1.25 m.

Dimensions in cm

Figure 102: Calculation example – existing system with reinforcement.

Load components qd,1 and qd,2 as determined by Eq. (9.5)
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The bending and shear stresses are designed using the design values of the moment and shear force:

The following stress verifications are obtained in the ULS:

Based on the deflection of the single-span beam in the initial and final state, the deformations required for the verifications in the SLS are obtained using 
Eq. (9.6) to (9.8):
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Using the ultimate limits for deformation in accordance with EC 5, Section 7.2 (NDP to 7.2[2]) Ultimate limits for deflection winst ≤ lTräger/300; wfin ≤ 
lTräger/200, wnet,fin ≤ lTräger/300), the following verifications can be obtained:

The verifications of the reinforced system are fulfilled.

9.2.5 Verification of the fully threaded screws
ASSY®plus VG 4 CH 6.0 x 180 mm screws have been selected as the fasteners. Based on Eq. (3.7), the characteristic tensile resistance is obtained as:

 (see Section 3.4)

and the characteristic pull-out resistance as:

 (see Section 3.6).

The anchorage lengths and the factor to account for the angle β (see Section 3.3) must be designed for the reinforcement and the existing structure:

Member			   1	 2	
Bulk density	 ρk,i	 =	 730	 530	 kg/m³
Reference bulk density	 ρref,k,i	 =	 730	 350	 kg/m³
Withdrawal parameter	 fax,k,i	 =	 35.0	 13.0	 N/mm²

4 x 2 ASSY®plus 
VG 4 CH 6.0 x 180

Head height k = 4.7 mm
Pre-drilling dia.: 4 mm

The design value of the load-bearing capacity is obtained as:

156 ASSY® screws – Manual for ETA-11/0190 This document is a planning aid.  
The values provided must be verified by authorised persons before application.



The design value of the load-bearing capacity in the load direction is obtained as:

Using the action qd,1 in kN/m, the spacing of the screw crosses econ in m and the number of screws per cross ncon, the action of each screw is obtained as:

Width verification:
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10 �Fastening  
on-roof  
insulation  
systems



10.1 General information

ASSY® screws with an outer thread diameter of at least 6 mm can be used to fasten on-roof insulation systems to rafters or timber members in vertical 
façades. 

In the following, the term "rafter" also refers to timber members with an inclination of 0° to 90°. The thickness of the thermal insulation must not exceed 
400 mm. The thermal insulation must be suitable for use as on-roof insulation in accordance with national regulations applicable at the place of installation.

The counter battens must be made of solid timber (ST/FST) in accordance with EN 338/ EN 14081-1. The minimum dimensions for the counter battens 
listed in Table 56 must be adhered to.

Table 56: Minimum cross-section dimensions for the battens.

Outer thread diameter d in mm 6 6.5 7 8 10 12 14
Minimum member thickness tmin in mm 30 30 30 30 40 80 100
Minimum member width b min in mm 50 50 50 50 60 100 100
Regulation: ETA-11/0190

The minimum width of the rafters is 60 mm. The spacing e between the screws must not exceed 1.75 m.

Friction forces must not be considered in the calculation when determining the characteristic withdrawal force of the screws.

The anchorage of the wind uplift forces and the bending stresses of the battens must be taken into account in the design of the structure. If required, addi-
tional screws can be arranged perpendicular to the longitudinal axis of the rafters (angle ε = 90°).

In addition to the standard roof loads consisting of snow and wind, a human load of FQ,k = 1 kN must be considered in the design of the battens.

In general, buckling of the screw can be assumed in Euler Case II with soft insulation. The load-bearing capacity of the screw is determined as the minimum 
load-bearing capacity of the screw when pressed into the batten or rafter and the buckling resistance of the free screw section, see Eq. (10.1).

(10.1)

Where:

	 Load-bearing capacity of the screw when pressed into the counter batten in accordance with Section 3.6, Eq. (3.21)

	 Load-bearing capacity of the screw when pressed into the rafter in accordance with Section 3.6, Eq. (3.21) where lw ≥ 40 mm

	� Characteristic buckling resistance of the screw in accordance with Section 3.5, Eq. (3.8) to (3.11) and Eq. (3.16) and (3.9), or 
Table 26
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10.2 �Parallel inclined screws – Fastening on-roof insulation systems with  
pressure-resistant insulation

10.2.1 Static model
The system consisting of rafter, thermal insulation on top of the rafter and counter batten parallel to the rafter (see Figure 103) can be considered as a 
beam on an elastic foundation. The counter batten represents the beam, and the thermal insulation on top of the rafter represents the elastic foundation as 
depicted in Figure 104. The thermal insulation must have a minimum compressive stress of at least σ10 % = 0.05 N/mm² at 10 % deformation, measured in 
accordance with EN 826. The batten is loaded perpendicular to the axis by point loads Fb. Further concentrated loads Fs result from the roof shear load 
due to sustained loads and snow loads, which are transferred to the counter battens through the screw heads.

Instead of battens, the following engineered wood can be used to cover the on-roof insulation, provided they are suitable for the intended use:
•	 Plywood (PW) in accordance with EN 636 and EN 13986
•	 Oriented-strand board (OSB) in accordance with EN 300 and EN13986
•	 Chipboard (RPB) in accordance with EN 312 and EN 13986
•	 Fibreboard (WFB) in accordance with EN 622-2. EN 622-3 and EN 13986

For screws with ε ≤ 90°, only countersunk head screws (CS) can be used for fastening the engineered wood to the rafters with insulation as an interlayer. 
For screws with ε = 90°, washer head screws (WH) can also be used. The minimum thickness of the engineered wood board is 22 mm. The term "batten" 
includes the above-mentioned engineered wood boards in the following.
 

Figure 103: �Arrangement of the screws for on-roof insulation with pressure-resistant insulation. 
(1) counter batten, (2) insulation, (3) roof board, (4) rafter.
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Figure 104: �Mechanical system of on-roof insulation with pressure-resistant insulation. 
(1) counter-batten axis, (2) rafter top edge, (3) compressive force transfer in the thermal insulation, (4) tensile force in screw axis TS, (5) con-
centrated compressive force transfer in the thermal insulation, (6) dead load and snow load, (7) wind pressure, (8) wind suction.

10.2.2 Design of the counter battens
It is assumed that the spacing between the counter battens exceeds the characteristic length of lchar. The characteristic bending moment can be designed as 
follows:

(10.2)

Where:
	 Characteristic length of the batten

	

	 Bending stiffness of the batten
	 Coefficient of subgrade

	

	 Effective width of the thermal insulation
	 Characteristic value of the concentrated loads perpendicular to the batten
	 Characteristic value of the concentrated loads perpendicular to the batten, load application in the area of the screw heads

The coefficient of subgrade K can be designed based on the elasticity modulus EHI and the thickness tHI of the thermal insulation if the effective width wef 
of the thermal insulation under compression is known. Due to the load extension in the thermal insulation, the effective width is greater than the width of the 
batten or rafter. For further calculations, the effective width wef of the thermal insulation can be determined as follows:

(10.3)

Where:
	 Minimum width of the batten or rafter
	 Thickness of the thermal insulation
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The following condition must be fulfilled:

(10.4)

The net cross-section must be considered in the calculation of the section modulus.

The characteristic value of the shear stresses must be designed as follows:

(10.5)

The following condition must be fulfilled:

(10.6)

The net cross-section must be considered in the calculation of the cross-sectional area.

10.2.3 Design of the thermal insulation
The characteristic value of the compressive stress in the thermal insulation must be designed as follows:

(10.7)

The design value of the compressive stress σc,d must not be greater than 110 % of the compressive stress at 10 % deformation (designed in accordance with 
EN 826):

(10.8)

10.2.4 Design of the screws
The screws are predominantly loaded in the direction of the screw axis. The characteristic value of the axial tensile force in the screw TS,k can be deter-
mined from the roof shear load RS,k using Eq. (10.9) , applying the conventions shown in Figure 100.

(10.9)

The load-bearing capacity of the screws loaded in the axial direction is defined as the minimum from the design values of the pull-out resistance, the head 
pull-through resistance and the tensile resistance of the screw based on Eq. (3.19). To limit the deformation of the screw head for an insulation thickness 
greater than 200 mm or for a thermal insulation with a compressive strength below 0.12 N/mm², the pull-out resistance of the screws must be reduced by 
the factors k1 and k2 using Eq. (10.10). If Eq. (10.10) is used, the deformation of the battens does not need to be considered in the design of the screw load-
bearing capacity.

(10.10)

Where:

The following verification must be carried out for the screws:

(10.11)
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10.3 �Screws with varying inclination – Fastening on-roof insulation systems with 
pressure-sensitive insulation

10.3.1 Mechanical model
Depending on the screw spacing and the arrangement of the tensile and compressive screws (see Figure 105) with different inclinations, the battens are 
significantly stressed by bending moments. The bending moments are derived based on the following assumptions:
•	 The tensile and compressive forces in the screws are determined based on the equilibrium conditions from the actions acting parallel and perpendicular 

to the roof surface. The actions are constant line loads q⟂ and q∥.
•	 The compressive screws are regarded as pin-ended columns with an assumed support depth of 10 mm each in the batten and the rafter. The effective 

pin-ended column length is therefore obtained from the free length of the screw between the batten and rafter plus 20 mm.
•	 The battens are considered as continuous beams with a constant span of lFeld = A + B (see Figure 106). The compressive screws form the supports of 

the continuous beam, while the tensile screws transfer concentrated loads acting perpendicular to the longitudinal direction of the battens.
 

Figure 105: �Arrangement of the screws for on-roof insulation with soft insulation. 
(1) counter batten, (2) insulation, (3) roof board, (4) rafter, (5) tensile screw, (6) compressive screw.

 

Figure 106: Mechanical system for on-roof insulation with soft insulation.
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The screws are predominantly subjected to pull-out or compression. The characteristic values of the normal forces in the compressive screws Nc,k or the ten-
sile screws Nt,k are determined from the actions acting parallel and perpendicular to the roof surface using Eq. (10.12) and (10.13).

(10.12)

(10.13)

Where:

	 Screw spacing in mm as shown in Figure 102

	 Spacing between the screws arranged inclined to each other in mm as shown in Figure 102

	 Characteristic value of the action parallel to the roof surface

	 Characteristic value of the action perpendicular to the roof surface	

	 Angle between the screw axis and grain direction, 30° ≤ ε1, ε2 ≤ 90°

Only screws with full thread or double thread (ASSY® Isotop) should be used.

The bending stresses in the battens result from the constant line load q⟂ and the load components acting perpendicular to the longitudinal direction of the 
battens from the tensile screws. The span of the continuous beam is (A + B). The characteristic value of the load components acting perpendicular to the 
longitudinal direction FZS,k from the tensile screws can be designed using Eq. (10.14).

(10.14)

A positive value for FZS,k indicates a load directed towards the rafter, while a negative value indicates a load directed away from the rafter. The on-roof or 
façade construction attached to the timber substructure must be secured against displacement perpendicular to the load-bearing plane.

10.3.2 Design of the screws
The design values of the tensile or compressive load-bearing resistance of the screw are determined using Eq. (10.15) or (10.16).

   

see Section 3.6 (10.15)

   see Section 3.6 (10.16)
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11 �Shear  reinforcement



11.1 General information

Only ASSY® and ASSY®plus VG screws with full thread and a diameter of d ≥ 8 mm may be used for shear reinforcement of beams made of GL or GST 
made from softwood. Other materials and screws are not permitted. The beams must be straight and have a rectangular cross-section.

For shear reinforcement, at least four screws must be arranged in a row parallel to the grain direction and screwed in at an angle ε = 45° to the grain 
direction. The screw spacing in the grain direction must not be greater than the member height. The spacing rules in Section 3.8.2 also apply. If the screws 
are arranged in a single row, they must be positioned centrally relative to the member width, as shown in Figure 107.

In the areas of the member without shear reinforcement, the provisions for unreinforced timber members apply. The regulations at the place of installation 
apply to the design and execution of the shear reinforcements.

The following regulations apply to beams subjected to concentrated loads and/or line loads.
 

Figure 107: �Schematic representation of shear reinforcement using fully threaded screws. 
(1) crack line, (2) line load, (3) bearing force, (4) reinforcing screws, (5) glued laminated timber or glued solid timber made of softwood,  
(6) reinforced area.

11.2 Member design

In areas of reinforced timber members that are subject to shear in accordance with Section 11.1 with a stress component parallel to the grain direction, 
Eq. (11.1) must be fulfilled:

(11.1)

Where:

	 Design value of the shear stress in N/mm²

	 Design value of the shear strength in N/mm²
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Where:

Where:

	 Design value of the stress perpendicular to the grain direction (negative value for compression)

	

	 Width of the timber member in mm

	 Screw spacing in a plane parallel to the grain direction and screw axis in mm

	 Mean value of the shear modulus in N/mm²

	� Number of fastener rows perpendicular to the grain direction. 
The rows of screws should be arranged evenly and symmetrically across the member width b.

	 Outer thread diameter of the screw in mm

	 Effective height relative to the shear-reinforcing screws in mm

	 Connection stiffness between the screw and timber member: 

	               in N/mm³

	 For fully threaded ASSY®plus VG and ASSY® screws with d ≥ 8 mm	

	 Axial stiffness of a screw:

	

	 Elasticity modulus of the steel, ES = 210,000 N/mm²

	 Thread core diameter in mm

The design value of the axial screw force Fbs,Rd is given by:

(11.2)

Where:

	 Design value of the acting shear force in N
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The axial load-bearing capacity of an ASSY®plus VG or ASSY® screw must fulfil the following conditions:

(11.3)

Where:

	 Design value of the axial load-bearing capacity of a screw in accordance with Section 3.6

	� Anchorage lengths of the screw; the values of the screw thread lengths from the crack plane in the centre of the beam to the screw 
head or tip in mm

	 Calculable anchorage length (in Kax,vol and Fw)

Notes:
•	 With a single row of screws and screw axis/grain angle ε = 45°, only a small restraining effect can be assumed. Nevertheless, Eq. (2.1) must be taken 

into account.
•	 If an arrangement with two rows is required, Dietsch (2014) recommends a spacing to the beam side faces of a4,CG = 70 mm.
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Annex A – Material designations and properties

Table 57: Material designations.

Group/sub-group/product Material designation
EC 5 Manual and Draft EC 5

Solid wood-based products SWB
Structural lumber SL
Solid timber 
Structural timber

VH
KVH

ST
FST

Parallel-laminated timber PL
Glued solid timber
Glued laminated timber
Block-glued glulam

BSH
GST
GL
BGL

Single-layer solid wood panel SWP-P
Cross-layered timber CL
Cross-laminated timber
Multilayer solid wood panel

BSP CLT
SWP-C

Veneer-based wood products VB
Laminated veneer lumber FSH LVL
With parallel veneer layers
With crossed veneer layers

LVL-P
LVL-C

Glued laminated veneer lumber GLVL
With parallel veneer layers
With crossed veneer layers

GLVL-P
GLVL-C

Plywood PW
Strand-based timber products STB
Boards made from long, slim, aligned strands OSB OSB
Wood fibre-based boards WFB
Hard fibreboard
Medium-hard fibreboard
Porous fibreboard (soft fibreboard)
Medium-density fibreboard

HB
MB
SB
MDF

Wood particle-based boards WPB
Resin-bonded particleboard
Cement-bonded particleboard

RPB
CPB

Gypsum-based boards GYB
Gypsum plasterboard
Gypsum fibreboard

GKP GPB
GFB

Timber/timber composite TTC
Beams and columns made of composite wood

Annex
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Table 58: Materials, strength classes, strength values, bulk density, source documents and material designations.

fm,k 
in N/mm²

ft,0,k  
in N/mm²

ft,90,k  
in N/mm²

fc,0,k  
in N/mm²

fc,90,k  
in N/mm²

fv,k  
in N/mm²

ρk  
in kg/m³

Regulation kcr Material 
designation 
in Draft EC 5

Softwood
C24 24 14.5 0.4 21 2.5 4.0 350 DIN EN 338:2016-07 2.0/fv,k ST, FST
C30 30 19 0.4 24 2.7 4.0 380 DIN EN 338:2016-07 2.0/fv,k ST, FST
GL 24c 24 17 0.5 21.5 2.5 3.5 365 DIN EN 14080:2013-09 2.5/fv,k GL
GL 28c
GL 30c

28
30 19.5 0.5 24.0

24.5 2.5 3.5 390 DIN EN 14080:2013-09 2.5/fv,k GL

GL 24h 24 19.2 0.5 24 2.5 3.5 385 DIN EN 14080:2013-09 2.5/fv,k GL
GL 28h 28 22.3 0.5 28 2.5 3.5 425 DIN EN 14080:2013-09 2.5/fv,k GL
GL 30h 30 24 0.5 30 2.5 3.5 430 DIN EN 14080:2013-09 2.5/fv,k GL
LVL-P
LVL-C

50
36

35a)

21
0.8b)

3.5f)
35c)

26g)
6.0d)

9.0
2.3e)

1.3h) 480 Z-9.1-847, Z-9.1-842,
Z-9.1-880, Z-9.1-890 +1.0 LVL-P 

LVL-C
Hardwood
D30 30 18 0.6 24 5.3 3.9 530 DIN EN 338:2016-07 0.67 ST
GLT Birch
GL75

32
75

24
60

0.6
0.6

30
59.4

4.5
14.8

4.9
4.5

600
730

ETA-19/0031
ETA-14/0354

0.67
+1.0

GL
GLVL

Board materials
F20/10- 
E40/20, 
F20/15- 
E30/25

20/10

20/15

9.0

8.0

7.0

7.0

15

13

10

13

3.5

4.0 350 DIN EN 636:2015-05 and 
DIN 20000-1:2017-06 - GPB

OSB/3, 
OSB/4

14.8/7.4
21/11.4

9.0
10.9

6.8
8.0

14.8
17.0

12.4
13.7

+1.0
1.1 550 DIN EN 300:2006-09 and 

DIN EN 12369-1:2001-04 - OSB
a)	 Z-9.1-842: ft,0,k = 36 N/mm²
b)	 Z-9.1-842, Z-9.1-890: ft,90,edge,k = 0.9 N/mm²
c)	 Z-9.1-842: fc,0,k = 40 N/mm²
d)	 Z-9.1-842: fc,90,edge,k = 7,5 N/mm²; Z-9.1-890: fc,90,edge,k = 7.3 N/mm²
e)	 Z-9.1-842, Z-9.1-890: fv,0,flat,k = 2.6 N/mm2

f)	 Z-9.1-847, Z-9.1-880: ft,90,edge,k = 6 N/mm²; Z-9.1-842: ft,90,edge,k = 5 N/mm²
g)	 Z-9.1-842, Z-9.1-890: fc,0,k = 30 N/mm²
h)	 Z-9.1-842: fv,0,flat,k = 1.1 N/mm²
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Annex B – nef in accordance with Lantos

As an alternative to Eq. (3.29) and (3.30), the effective number of screws can also be designed based on stiffness in accordance with the approach by 
Lantos (1969).

For screw groups where 30° ≤ ε ≤ 60° (inclined, crossed or screw crosses), arranged one behind the other in the direction of the force and grain

(11.4)

Where:

Where:

	 Axial stiffness of side member 1

	� Axial stiffness of side or middle member 2. If member 2 is a middle member, only half of the 
middle member cross-section should be used for A2.	

	 Mean value of the elasticity modulus of members 1 and 2

	 Cross-sectional area of members 1 and 2

	 Number of unidirectionally inclined screws or screw crosses per row

	� Number of rows of unidirectionally inclined screws or screw crosses per shear plane 

	� Slip modulus parallel to the shear plane per screw (unidirectionally inclined screws) or per screw 
cross (screws arranged in a cross) in the ultimate limit state

	 Screw spacing parallel to the grain direction
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Formula symbols used in the manual

Uppercase Latin letters and designations in accordance with ETA-11/0190, EC 5 and Draft EC 5

ETA EC 5 Draft EC 5
A Cross-sectional area

Partial load length
A
A

A
–

A(i)

–
A1 Cross-section 1 A1 – A1

A2 Cross-section 2 A2 – A2

Aef Effective contact area taking into account the effective contact length – Aef Aef

AefU-Scheibe Effective area of the washer – AefU–Scheibe –
Anet,t Net tensile area – Anet,t –
Anet,t1 Net tensile area in member 1 – – –
Anet,v Net shear plane – Anet,v –
AS Cross-sectional area of a screw AS – AS

B Partial load length B – –
WxH Width times height of a cross-section – – –
E0,mean Mean elasticity modulus parallel to the grain direction – E0,mean E0,mean

E0,mean,1 Mean elasticity modulus parallel to the grain direction of member 1/cross-section 1 – – –
E0,mean,2 Mean elasticity modulus parallel to the grain direction of member 2/cross-section 2 – – –
E0,mean,i Mean elasticity modulus parallel to the grain direction of member i/cross-section i – – E(X),(i)mean

E1 Elasticity modulus of member 1/cross-section 1 – – E1

Ed,1 Design elasticity modulus of member 1/cross-section 1 – – E1

E2 Elasticity modulus of member 2/cross-section 2 – – E2

Ed,2 Design elasticity modulus of member 2/cross-section 2 – – E2

EHI Elasticity modulus of the thermal conduction (heat insulation) EHI – –
Ei Elasticity modulus of member i/cross-section i – Ei Ei

EI Flexural strength of the counter batten EI – –
(EI)ef Effective flexural strength of a member/a cross-section – (EI)ef (EI)ef

Ed,i Design elasticity modulus of member i/cross-section i – Ei Ei

ES Elasticity modulus of the steel ES – ES

F0,Ed Design value of the connection force parallel to the grain direction – – F0,Ed

F90,Ed Design value of the tensile action effect perpendicular to the grain direction F90,Ed Fv,Ed F90,Ed

F90,Rd Design value of the transverse tensile load-bearing capacity – F90,Rd (F90,Rd)
Fax,c,d Design value of the load-bearing capacity of a compressive screw Fax,Rd/Fax,a,Rd – Fax,c,d

Fax,c,k Characteristic load-bearing capacity of a compressive screw – – Fax,c,k

Fax,c,Rd Design value of the load-bearing capacity of a connection with compressive screws – – –
Fax,c/t,Rd Design value of the axial load-bearing capacity in accordance with Section 3.7 – Fax,Rd Fax,c/t,Rd

Fax,Ed Design value of the axial action Fax,d Fax,Ed Fax,Ed

Fax,Rd Design value of the axial load-bearing capacity of a connection Fax,Rd Fax,Rd Fax,Rd

Fax,t,d Design value of the load-bearing capacity of a tensile screw Fax,Rd/Fax,a,Rd Fax,Rd Fax,t,d

Fax,t,d,fi Design value of the axial load-bearing capacity in the event of fire – – –
Fax,t,k Characteristic load-bearing capacity of a tensile screw Fax,a,Rk Fax,Rk Fax,t,k

Fax,t,R20 20 % fractile value of the load-bearing capacity of a screw – – –
Fax,t,Rd Design value of the load-bearing capacity of a connection with a tensile screw – – Fax,t,Rd

Fax,x,d Design value of the load-bearing capacity of a screw cross – – –
Fb,k Characteristic value of the concentrated loads on the counter batten Fb,k – –
Fbs,ax,Rd Design value of the block shear capacity of a connection – – –
Fbs,ax,Rk Characteristic block shear capacity of a connection – Fbs,Rk –
Fbs,Rd Design value of the block shear capacity – – Fbs,Rd

Fbs,Rd,1 Design value of the block shear capacity of a connection in member 1 – – –
Fbs,Rk Characteristic block shear capacity – Fbs,Rk –
Fc,90,d Design value of the compressive force perpendicular to the grain direction – Fc,90,d Fc,90,d

Fc,90,Ed Design value of the acting compressive force perpendicular to the grain direction – – –
Fc,90,Ed,1 Design value of the acting compressive force perpendicular to the grain direction at member edge 1 – – –
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ETA EC 5 Draft EC 5
Fc,90,Ed,2 Design value of the acting compressive force perpendicular to the grain direction at member edge 2 – – –
Fc,90,Rd Design value of the compressive force perpendicular to the grain direction F90,d Fc,90,d Fc,90,d

Fc,90,Rd,(a) Design value of the compressive force perpendicular to the grain direction at head level – – –
Fc,90,Rd,(b) Design value of the compressive force perpendicular to the grain direction at screw level – – –
Fc,90,Rk Characteristic value of the load-bearing capacity of a reinforced timber member – – –
Fc,d Design value of the buckling resistance of a screw – – –
Fc,Ed Design value of the acting compressive force in a reinforcing screw – – Fc,Ed

Fc,k Characteristic buckling resistance of a screw – – Fc,k

Fc,k,HT Characteristic buckling resistance of a screw in the main beam – – –
Fc,k,NT Characteristic buckling resistance of a screw in the secondary beam – – –
FD,k
FD,k,j

Characteristic value of the load-bearing capacity in accordance with Johansen's yield theory –
–

Fv,Rk

–
FD,k

–
FEd Force acting on a connection – FEd FEd

Fpull,d Design value of the head pull-through resistance – – –
Fpull,k Characteristic head pull-through resistance – – Fpull,k

FQ,k Human load – – –
Frp,k Characteristic value of the rope effect component – DFv,Rk Frp,k

Fs,k Characteristic value of the concentrated loads on the counter batten created by the roof shear 
load

Fs,k – –

Ft,0,Ed Design tensile force parallel to the grain direction in the connection FEd Ft,0,d Ft,0,Ed

Ft,90,Ed Design value of the force components generating transverse tension (per reinforcing screw) – Ft,90,d Ft,90,Ed

Ft,90,M,Ed Acting shear force from bending stresses at the opening – Ft,M,d Ft,90,m,Ed

Ft,90,Rd Design value of the load-bearing capacity perpendicular to the grain direction – Ft,V,d –
Ft,90,V,Ed Acting shear force from shear stresses at the opening – Ft,V,d Ft,90,v,Ed

Ft,d Design value of the tensile resistance of a screw – – –
Ft,k Characteristic tensile resistance of a screw – Ft,Rk Ft,Rk /Ft(X),(i),k

Ft,M,d Acting tensile force from a bending moment – Ft,M,d Ft,m,d

Ft,V,d Acting tensile force from a shear force – Ft,V,d Ft,V,d

Fv,0,Ed Design value of the effect of action per fastener and shear plane parallel to the grain direction Fv,0,Ed – –
Fv,d Design value of the load-bearing capacity of a screw subjected to shear stress per shear plane – Fv,Rd Fv,d

Fv,Ed Design value of the acting shear force – Fv,Ed Fv,Ed

Fv,k Characteristic load-bearing capacity of a screw subjected to shear stress – Fv,Rk Fv,k

Fv,k,a Characteristic shear resistance of a screw with timber failure – Fv,Rk (a) –
Fv,k,b Characteristic shear resistance of a screw with fastener failure – Fv,Rk (b) –
Fv,k,c Characteristic shear resistance of a screw with mixed failure – Fv,Rk (c) –
Fv,k,d Characteristic shear resistance of a screw with two plastic hinges – Fv,Rk (d) –
Fv,k,e Characteristic shear resistance of a screw with timber failure and one plastic hinge – Fv,Rk (e) –
Fv,k,f Characteristic shear resistance of a screw with timber failure and two plastic hinges – Fv,Rk (f) –
Fv,Rd Design value of the shear load-bearing capacity of a connection – Fv,Rd Fv,Rd

FVM,d Design value of the effect of action of a screw (in a flexible connection) – Fi Fi(X)
Fw,c,d,HT Design value of the withdrawal parameter when pressed in for a screw in the main beam – – –
Fw,c,d,NT Design value of the withdrawal parameter when pressed in for a screw in the secondary beam – – –
Fw,c,k,HT Characteristic value of the pull-out resistance when pressed in for a screw in the main beam – – –
Fw,c,k,NT Characteristic value of the pull-out resistance when pressed in for a screw in the secondary beam – – –
Fw,d Design value of the pull-out resistance – – Fw,d

Fw,d,Latte Design value of the pull-out resistance in a counter batten – – –
Fw,d,Sparren Design value of the pull-out resistance in a rafter – – –
Fw,k Characteristic pull-out resistance Fax,a,Rk Fax,a,Rk /Fax,Rk Fw,k

Fw,k,1 Characteristic pull-out resistance on the screw-head side/in member 1 – – –
Fw,k,2 Characteristic load-bearing capacity on the screw-tip side/of the thread in member 2 – – –
Fw,k,oben/unten Characteristic pull-out resistance top and bottom – – –
Fw,t,k,HT Characteristic pull-out resistance of a screw in the main beam – – –
Fw,t,k,NT Characteristic pull-out resistance of a screw in the secondary beam – – –
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FZS,k Characteristic value of the load components perpendicular to the longitudinal direction of the 

counter batten
FZS,k – –

Gmean Mean value of the shear modulus G Gmean Gmean

I1 Area moment of inertia of member 1/cross-section 1 – – I(i)

I2 Area moment of inertia of member 2/cross-section 2 – – I(i)

IS Second area moment of inertia for the circular cross-section IS – IS

Iy,1 Area moment of inertia around the y-axis of member 1/cross-section 1 – – Iy

Iy,2 Area moment of inertia around the y-axis of member 2/cross-section 2 – – Iy

Iy,i Area moment of inertia around the y-axis of member i/cross-section i – – Iy

K Coefficient of subgrade K – –
Kax,vol Connection stiffness between the screw and timber member in N/mm³ kax

KSLS,ax,2 Mean value of the slip modulus in the serviceability limit state of the screw in the axial direction in 
member 2

KSLS,ax,i Mean value of the slip modulus in the serviceability limit state of the screw in the axial direction in 
member i

KSLS,ax,ges Mean value of the slip modulus in the ultimate limit state of a connection with screws designed for 
axial loading

KULS,ax,i Mean value of the slip modulus in the ultimate limit state of a connection with screws designed for 
axial loading in member i

KULS,ax,vol Mean value of the axial connection stiffness between the screw and timber member in the ultimate 
limit state

KSLS,ax Mean slip modulus of screws designed for axial loading
KSLS,v Mean slip modulus of screws subjected to shear stress KSLS,v,i

LTräger Load length – l l
LX Calculated penetration depth parallel to the grain direction – – –
Ly Calculated penetration depth perpendicular to the grain direction – – –
M Moment – – M
MA,max Maximum permissible tightening torque – – –
MEd Design value of the acting bending moment Md MEd Md

Mk Characteristic value for the bending moment of the counter batten Mk – –
MW Prevailing torque – – –
My,k Characteristic yield moment of a screw My,k My,Rk My,k

Nc,k Characteristic value of the normal compressive force Nc,k – –
Nki,k Characteristic ideal elastic buckling load of a screw Nki,k – Nki,k

Npl,k Characteristic value of the normal force load capacity of the net cross-section Npl,k – Npl,k

Nt,k Characteristic value of the normal tensile force Nt,k – –
QS1,2 Cross-sections 1 and 2 – – –
RS,k Characteristic value of the shear load of the roof RS,k – –
S Centre of gravity of the screw in relation to the relevant cross-sectional area – – S
TS,d Design value of the axial tensile force in the screw – – –
TS,k Characteristic value of the axial tensile force in the screw TS,k – –
VEd Design value of the acting shear force Vd VEd Vd

Vk Characteristic value of the shear stress Vk – –
VRd Design value of the shear capacity of an unreinforced notch – Vd Vd

W Section modulus W – W(X),(i)

W1 Section modulus of member 1/cross-section 1 – – W(X),(i)

W2 Section modulus of member 2/cross-section 2 – – W(X),(i)

Wy Section modulus around the y-axis – Wy Wy

Wy,1 Section modulus around the y-axis of member 1/cross-section 1 – – W(X),(i)

Wy,2 Section modulus around the y-axis of member 2/cross-section 2 – – W(X),(i)
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Lowercase Latin letters and designations in accordance with ETA-11/0190, EC 5 and Draft EC 5

ETA EC 5 Draft EC 5
a Material coefficient in the kax equation for small screw axis/grain angles

Minimum distance between the fasteners in the connection and the reinforcing screws
a
–

–
–

–
a

a1 Minimum distance between two screws in a plane parallel to the grain direction and screw axis
Minimum distance between two fasteners parallel to the grain direction
Minimum distance between two fasteners parallel to the grain direction of the cross-laminated 
timber face layer

a1

a1
–

a1

a1
–

a1,ct,min

a1
–

a1 x a2 Smallest free area around a screw a1 x a2 – a1 x a2

a1,fi Side covering of a connection in the event of fire – a1,fi –
a1,i Multiple spacings between fasteners parallel to the grain direction – lv,1/lv,2/… –
a1,max Maximum permissible distance between two screws parallel to the grain direction – – a1,max

a1,r Minimum distance between two reinforcing screws parallel to the grain direction – – a1,r

a1,SDü Minimum distance between two dowels parallel to the grain direction – – –
a2 Minimum distance between two screws perpendicular to a plane parallel to the grain direction 

and screw axis
Minimum distance between two fasteners perpendicular to the grain direction
Minimum distance between two fasteners perpendicular to the grain direction of the CLT face 
layer

a2

a2
–

a2

a2
–

a2,ct,min

a2
–

a2,fi Side covering of a connection in the event of fire – a2,fi –
a2,i Multiple spacings between fasteners perpendicular to the grain direction – lt,1 or lt,2 –
a3 Minimum distance between the fastener and the end of the side member – a3 –
a3,c Minimum distance between the unloaded edge and the fastener parallel to the grain direction

Minimum distance between the unloaded edge and the fastener parallel to the grain direction of 
the CLT face layer

a3,c

–

a3,c

–

a3,c

–
a3,CG Minimum distance between the edge and the screw centre of gravity in the member parallel to the 

grain direction
– a1,CG a3,ct,min

a3,CG,ist Minimum distance between the edge and the screw centre of gravity in the member parallel to the 
grain direction of the first row of screws

– – –

a3,fi Covering of the screw tip or screw head of a connection in the event of fire – a3,fi –
a3,S Minimum distance between the steel plate edge and the screw axis parallel to the grain direction – – –
a3,t Minimum distance between the loaded edge and the fastener parallel to the grain direction

Minimum distance between the loaded edge and the fastener parallel to the grain direction of the 
CLT face layer

a3,t
–

a3,t
–

a3,t
–

a3,t,1 Distance between the loaded edge and the screw parallel to the grain direction in member 1 – – –
a3,t,2 Distance between the loaded edge and the screw parallel to the grain direction in member 2 – – –
a4 Minimum distance between the member edge and the fastener perpendicular to the grain direc-

tion
Minimum distance between the fastener and the edge of the middle member

–
–

–
a4

a4
–

a4,c Minimum distance between the unloaded edge and the fastener perpendicular to the grain direc-
tion
Minimum distance between the unloaded edge and the fastener perpendicular to the grain direc-
tion of the CLT face layer

a4,c

–

a4,c

–

a4,c

–

a4,CG Minimum distance between the edge and the screw centre of gravity in the member perpendicular 
to the grain direction

– a2,CG a4,ct,min

a4,S Minimum distance between the steel plate edge and the screw axis perpendicular to the grain 
direction

– – –

a4,t Minimum distance between the loaded edge and the fastener perpendicular to the grain direction
Minimum distance between the loaded edge and the fastener perpendicular to the grain direction 
of the CLT face layer

a4,t

–

a4,t

–

a4,t

–
afi Additional thickness of a member for increased mechanical strength of a connection – afi –
afi,1 Additional thickness on member 1 – – –
afi,2 Additional thickness on member 2 – – –
amm,1 Spacing of the neutral axes for partial cross-section 1 – – amm,1

amm,2 Spacing of the neutral axes for partial cross-section 2 – a2 amm,2

amm,i Spacing of the neutral axes for partial cross-section i – ai amm,i

ax Minimum distance between two screws in a screw cross – – –
b Material coefficient in the kax equation for small screw axis/grain angles

Member width
b
b

–
b

–
b
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b1 Net width of the connection

Factor 1 in the extended Johansen equation
Width of member 1

–
–
–

–
–
–

bnet
b1
–

b1,2 Cross-sectional width of cross-sections 1 and 2 – – –
b2 Factor 2 in the extended Johansen equation

Width of member 2
–
–

–
–

b2
–

b3 Width of member 3 – – –
b4 Width of member 4 – – –
b5 Width of member 5 – – –
bc,90 Width of the compressive area B – b90,c

bef Calculable width perpendicular to grain direction (in the plane of the screw tip) B bef –
bHT Width of the main beam – – –
bist Available width – – –
bmin Minimum width of the member – – bmin

bnet,1 Net width of member 1 – – –
bnet,2 Net width of member 2 – – –
bNT Width of the secondary beam – – –
bSt Width of the sheet steel – bSt –
ch Elastic bedding of a screw ch – ch

d Outer thread diameter of a screw
Diameter of an opening
Fastener diameter

d
–
–

d
d
d

d
d
d

d1 Thread core diameter d1 d1 d1

dg Gap depth – dg –
dhead Head diameter or outer diameter of the washer dh/dhead dh dhead

dr Outer thread diameter of the reinforcing screw – – dr

ds Shank diameter or thread core diameter ds – ds

dVM Diameter of the fasteners in the connection – – d
e Spacing between the screws in a continuous connection e – a1

econ Screw (cross) spacing in a continuous connection – – –
fax,d Design value of the withdrawal parameter fax,d fax,d –
fax,k Characteristic withdrawal parameter fax,k fax,k fax,k

fax,k,1 Characteristic withdrawal parameter in member 1 – – –
fax,k,2 Characteristic withdrawal parameter in member 2 – – –
fax,k,i Characteristic withdrawal parameter in member i – – –
fc,0,d,1 Design value of the compressive strength parallel to the grain direction of member 1 – fc,0,d –
fc,90,d Design value of the compressive strength perpendicular to the grain direction fc,90,d fc,90,d fc,90,d

fc,90,k Characteristic value of the compressive strength perpendicular to the grain direction – fc,90,k fc,90,k

fh,0,k Characteristic embedment strength parallel to the grain direction – fh,0,k fh,0,k

fh,0,k,1 Characteristic embedment strength parallel to the grain direction of member 1 – – –
fh,0,k,2 Characteristic embedment strength parallel to the grain direction of member 2 – – –
fh,k Characteristic embedment strength fh,k fh,k fh,k

fh,k,1 Characteristic embedment strength of member 1 – fh,k,1 fh,k,1

fh,k,1/2/il Characteristic embedment strength of member 1, member 2 or the interlayer – – fh,k,1/2/il

fh,k,2 Characteristic embedment strength of member 2 – fh,k,2 fh,k,2

fh,k,il Characteristic embedment strength of the interlayer – – fh,k,il

fh,k,SDü Characteristic embedment strength of the dowel – – –
fhead,k Characteristic head pull-through parameter fhead,k fhead,k fhead,k

fm,d Design value of the flexural strength fm,d fm,d fm,d

fm,d,1 Design value of the flexural strength of member 1/cross-section 1 – – –
fm,d,2 Design value of the flexural strength of member 2/cross-section 2 – – –
fm,k Characteristic value of the flexural strength – fm,k fm,k

fm,k,1 Characteristic value of the flexural strength of cross-section 1 – – –
fm,k,2 Characteristic value of the flexural strength of cross-section 2 – – –
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ft,0,d Design value of the tensile strength parallel to the grain direction of the timber – ft,0,d ft,0,d

ft,0,d,1 Design value of the tensile strength parallel to the grain direction of member 1 – – –
ft,0,d,2 Design value of the tensile strength parallel to the grain direction of member 2 – – –
ft,0,k Characteristic value of the tensile strength parallel to the grain direction of the timber – ft,0,k ft,0,k

ft,90,d Design value of the tensile strength perpendicular to the grain direction of the GL or LVL – ft,90,d ft,90,d

ft,90,k Characteristic transverse tensile strength – – ft,90,k

ftens,d Design value of the tensile resistance ftens,d – –
ftens,k Characteristic value of the tensile resistance ftens,k ftens,k –
ftor,k Characteristic value of the breaking torque ftor,k – –
fu,k Characteristic value of the tensile strength of the steel – fu,k fu,k

fu,k,S235 Characteristic value of the tensile strength of the grade S235 steel – – –
fv,d Design value of the shear strength fv,d fv,d fv,d

fv,d,mod Design value of the modified shear strength of the shear-reinforced cross-section fv,d,mod – –
fv,d,1 Design value of the shear strength of member 1/cross-section 1 – – –
fv,d,2 Design value of the shear strength of member 2/cross-section 2 – – –
fv,k Characteristic value of the shear strength – fv,k fv,k

fv,k,1 Characteristic value of the shear strength of cross-section 1 – – –
fv,k,2 Characteristic value of the shear strength of cross-section 2 – – –
fy,d Design value of the yield strength of the steel – fy,d fy,d

fy,k Characteristic value of the yield strength of the steel fy,k – fy,k

gk Distributed load of permanent actions – – –
h Member height/cross-sectional height h h h
h1 Cross-sectional height of member 1

Distance between the first fastener row and the unloaded edge perpendicular to the grain direction
–
h1

–
h1

h1
h1

h1,2 Cross-sectional height of cross-sections 1 and 2 – – –
h2 Cross-sectional height of member 2 – – h2

hd Opening height – hd hd

he Distance between the furthest fastener or nail plate edge and the loaded edge (short: connection 
height)

a he he

hef Residual beam height he hef hef

hef,v Effective height relative to the shear-reinforcing screws – – –
hHT Height of the main beam – – –
hi Distance of each row of fasteners from the unloaded edge hi hi hi

hmin Minimum beam height – – –
hn Spacing of the fastener row nearest to the loaded edge hn hn –
hNT Height of the secondary beam – – –
hp Thickness of the cladding; total thickness in the case of multiple layers – hp –
hr Height of the residual cross-section above or below the opening – hr –
hro Height of the residual cross-section above the opening – hro hru

hru Height of the residual cross-section below the opening – hru hrl

i Inclination of the notch – i i
k Head height – – lhead

k1 Factor for reducing the pull-out resistance with high tHI values k1 – –
k2 Factor for reducing the pull-out resistance with low σ10 % values k2 – –
ka Factor for screw spacing in connections between different materials – – –
kax Factor to account for the angle ε between the screw axis and the grain direction kax – –
kax,HT Factor to account for the angle ε between the screw axis and the grain direction in the main beam – – –
kax,i Factor to account for the angle ε between the screw axis and the grain direction in member i – – –
kax,NT Factor to account for the angle ε between the screw axis and the grain direction in the secondary 

beam
– – –

kc,90 Factor to account for the type of action, the splitting risk and the degree of compressive deforma-
tion

kc,90 kc,90 kc,90

kcr Crack factor for shear resistance – kcr –
kcr,1 Crack factor for cross-section 1 – – –
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kcr,2 Crack factor for cross-section 2 – – –
kdef Creep factor – kdef kdef

kef Exponent for reducing the number of fasteners screwed in to the effective number of fasteners – kef kef

kfi Conversion factor from 5 % fractile values to 20 % fractile values – kfi –
kflux Coefficient to account for the increased heat flow through the screw – kflux –
kg Factor to account for multiple fastener groups in defined proximity to each other – kg –
kmod Modification factor – kmod kmod

kmod,1 Modification factor for member 1 – kmod,1 kmod,1

kmod,1/2/il Modification factor for member 1, member 2 or the interlayer – – kmod,1/2/il

kmod,2 Modification factor for member 2 – kmod,2 kmod,2

kmod,HT Modification factor of the main beam – – –
kmod,il Modification factor of the interlayer – – kmod,il

kmod,NT Modification factor of the secondary beam – – –
kn Material coefficient for notches – kn kn

ko Form factor – – –
kr Factor to account for multiple fasteners arranged one above the other – kr kcon,90

ks Factor to account for multiple fasteners arranged side by side – ks kcon,0

ksf,i Ratio of the effective number of screws to the actual number of screws parallel to the grain 
direction in the respective row

– – –

kt,90 Factor to account for the beam height – kt,90 –
kτ Factor describing the stresses perpendicular to the grain direction kτ – –
kv,n Shear factor for notches – kv kv,n

ka Factor for the force/grain angle kε – –
kβ Factor to account for the angle β between the screw axis and the wide face (of the laminated 

veneer lumber)
kβ – –

kβ,1 Factor to account for the angle β between the screw axis and the wide face of member 1 – – –
kβ,2 Factor to account for the angle β between the screw axis and the wide face of member 2 – – –
kβ,HT Factor to account for the angle β between the screw axis and the wide face of the main beam – – –
kβ,i Factor to account for the angle β between the screw axis and the wide face of member i – – –
kβ,NT Factor to account for the angle β between the screw axis and the wide face of the secondary 

beam
– – –

kε Factor for the screw/grain angle – – –
l Screw length

Load length
l
–

–
l

li
li

l1 Embedment depth without overlap at member edge 1 – – –
l1,2 Overlap length – – –
l1,2,min Minimum overlap length – – –
l1,min Minimum embedment depth without overlap at member edge 1 – – –
l2 Embedment depth without overlap at member edge 2 – – –
l2,min Minimum embedment depth without overlap at member edge 2 – – –
lA Distance from the bearing force to the edge of the opening – lA lA

law Effective length in the angled washer n – –
lc,90 Length of the compressive area – lA/lA l90,c

lc,90,1 Length of the compressive area, top – – –
lc,90,2 Length of the compressive area, bottom – – –
lc,NT Anchorage length of the compressive screws in the secondary beam – – –
lchar Characteristic length of the timber on top of the thermal insulation lchar – –
le Distance from the free member edge to the contact area – a le

lef Calculated screw length lef – –
lef,1 Calculable length parallel to the grain direction in the plane of the screw head lef,1 – l1,ef

lef,2 Calculable length parallel to the grain direction in the plane of the screw tip lef,1 – l2,ef

lFeld Span of the counter batten l – –
lg Thread length (incl. drill tip) lg – –
lh Length of the opening – a lh
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lne Unbedded screw length – – –
ls Spacing of the shear loads – l1 ls

ls,max Maximum possible screw length – – –
ls,min Minimum screw length – – –
lStoß,1/2 Installation length of a connection – – lcon

lt,90 Distribution length for rectangular/circular openings – lt,90 lt,90,V

lt,i Partial length of the i lengths of a net tensile area – lt,i –
lVoute Length of the haunch – – –
lv Spacing between the edge and the centre of gravity of the first row of screws in the timber  

parallel to the grain direction
Length of the overhang

–

–

–

lv

–

lv

lv,i Partial length of the i lengths of a net shear plane – lv,i –
lw Anchorage length of the threaded section of a screw (including the screw tip) lef – lr

lw,1 Anchorage length in member 1/member area 1 – lad lw,1

lw,2 Anchorage length in member 2/member area 2 – lad lw,2

lw,c,HT Anchorage length of the threaded section of a compressive screw in the main beam – – –
lw,c,NT Anchorage length of the threaded section of a compressive screw in the secondary beam – – –
lw,i Anchorage length in member i/member area i – – lw,(i)

lw,max Maximum anchorage length of the threaded section of a screw (including the screw tip) – – –
lw,min Minimum anchorage length – – lw,min

lw,t,HT Anchorage length of the threaded section of a tensile screw in the main beam – – –
lw,t,NT Anchorage length of the threaded section of a tensile screw in the secondary beam – – –
lz Distance between two openings – lz lz

mHT Installation dimension in the main beam – – –
mNT Installation dimension in the secondary beam – – –
n Number of fasteners in a connection/number of reinforcing screws

Upper limit of the sum
n
–

n
–

n
j

n0 Number of fasteners parallel to the load/in a row parallel to the grain direction n0 – n0

n0,i Number of screws in a row parallel to the grain direction (one of several rows) – – –
n1 Number of screws at member edge 1 – – n1

n2 Number of screws at member edge 2 – – n2

n90 Number of fastener rows perpendicular to the load/grain direction n90 – n90

ncon Number of screws per screw cross – – –
nef Effective number of fasteners nef nef nef

nef,0 Effective number of fasteners in a row parallel to the grain direction – – nef

nef,0,i Effective number of fasteners in a row parallel to the grain direction (one of several rows) – – –
nef,1 Effective number of fasteners in member 1 – – –
nef,2 Effective number of fasteners in member 2 – – –
nef,90 Effective number of fasteners perpendicular to the grain direction – – –
nef,ges Product of the effective number of screws parallel and perpendicular to the grain direction in a 

connection
– – –

nef,a Effective number of fasteners with a force acting at angle α – – –
nef,a,i Effective number of screws in one of several rows of screws arranged parallel to the grain 

direction with a force acting at angle α
– – –

nef,a,j Effective number of screws in a connection with variable force/grain angleα per screw – – –
nges Number of screws in a connection – – –
nj Number of screws in a connection with variable force/grain angle α – – –
nScherfugen Number of shear planes – nSchnitte –
nx Number of screw crosses or pairs n – –
q Distributed load – qi qEd/qz

qII,k Characteristic value of the line load acting parallel to the roof plane qII,k – –
q⊥,k Characteristic value of the line load acting perpendicular to the roof plane q⊥,k – –
qchar Characteristic load combination – – –
qd Design value of the acting distributed load

Design value of the load, here: as the line load of the decisive combination
–
–

–
–

–
–
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qd,i Design value of the load of cross-section i – – –
qk Variable distributed load – – –
qk,1 Variable acting distributed load (category B) – – –
qk,2 Variable acting distributed load (snow) – – –
qk,i Variable acting distributed load of  load casei – – –
qqs Quasi-constant load combination – – –
r Corner radius – r r
s1 Effective fastener spacing in cross-section 1 – si si

sef Effective fastener spacing – s si,ef

t Member thickness/board thickness t t t
t Time – t t
t1 Embedment depth projected perpendicular to the shear plane

Thickness of member 1
Embedment depth in member 1

– tef
t1
t1

–
t1
th1

t2 Member thickness of the middle member
Thickness of member 2
Embedment depth in member 2

–
–
–

–
t2
t2

–
t2
th2

tch Period until the start of charring for a protected member – tch –
tCLT Thickness/minimum thickness of a member made of CLT – h tCLT

td,fi Required fire resistance period in minutes
Fire resistance period of the unprotected connection

–
–

td,fi
td,fi

–
–

tdl Thickness of the CLT face layer – – –
tef Effective embedment depth lef tef tef

tef,1 Effective embedment depth in member 1 – – –
tef,2 Effective embedment depth in member 2 – – –
th Embedment depth lef t th

th,1 Embedment depth in member 1 – t1 th,1

th,1/2/il Embedment depth in member 1, member 2 or the interlayer – – th,1/2/il

th,2 Embedment depth in member 2 – t2 th,2

th,i Embedment depth in member i – ti th,(i)

tHI Thickness of the thermal insulation tHI – –
tmax Maximum member thickness – – –
tmin Minimum member thickness – – tmin

tpen Penetration depth in the transversely loaded member t tpen –
treq Required fire resistance period for standard fire exposure – treq –
tS Sheet steel thickness t ti/tBlech/tS t/tS

tS,1 Sheet steel thickness, top – – –
tS,2 Sheet steel thickness, bottom – – –
tΣ1 Total thickness of the CLT inner layers – – –
w Modification factor

Minimum value of the width of the counter batten and the rafter
–
w

w
–

–
–

wcreep Creep deformation – wcreep w2

wef Calculable width of the thermal insulation wef – –
wfin Deflection in the final state – wfin wtot

winst Deflection in the initial state – winst –
wnet,fin Total final deflection – wnet,fin wmax

wpl Width of the nail plate parallel to the grain direction – wpl wpl

x Distance between the line of action of the bearing force and the notch corner c x x
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a Angle between the force direction and grain direction

Quotient of the residual beam height and the beam height
Quotient of the connection height and beam height

ε
a
a

a
a
a

a
a
–

β Angle between the screw axis and wide face
Ratio of the embedment strength between two members
Roof pitch angle between the shear plane and normal plane

β
–
β

–
β
–

β
β
–

β0 One-dimensional charring – β0 –
βn Ideal charring rate of the timber (taking into account corner rounding and cracks) – βn –
βn,1 Ideal charring rate of member 1 – – –
βn,2 Ideal charring rate of member 2 – – –
γ1 Factor for the connection stiffness in member 1 – γ1 γ1

γ2 Factor for the connection stiffness in member 2 – γ2 γ2

γi Factor for the connection stiffness in member i – γi γi

γM Partial safety factor – γM γM/γR

γM0 Partial safety factor for normal compressive stress – – γM0

γM1 Partial safety factor for stability verification under compressive stress γM1 – γM1

γM,fi Partial safety factor for timber in the event of fire – X γM,fi –
γR Partial safety factor for shear connections – γM γR

Dwc,90 Bearing displacement due to deflection – – Dw
δ Ratio of the modified embedment strength of the interlayer to the member on the tip side

Angle between the screw axis and shear plane
–
a

–
–

δ
δ

ε Angle between the screw axis and grain direction a a ε
ε1 Angle between the screw axis and the grain direction on the compressive screw a1 – –
ε2 Angle between the screw axis and the grain direction on the tensile screw a2 – –
εHT Angle between the screw axis and the grain direction in the main beam – – –
εNT Angle between the screw axis and the grain direction in the secondary beam – – –
η Utilisation factor

Reduction factor for reducing the axial load-bearing capacity in the event of fire
–
–

η
η

–
–

ηax Utilisation of the screw – – –
ηc,1 Utilisation relative to the compressive stress in member 1 – – –
ηfin Utilisation relative to the deflection in the final state – – –
ηH Factor describing the shear force components generating shear stress ηH – –
ηinst Utilisation relative to the deflection in the initial state – – –
ηm Utilisation relative to the bending stress – – –
ηm,1 Utilisation relative to the bending stress in member 1/cross-section 1 – – –
ηm,2 Utilisation relative to the bending stress in member 2/cross-section 2 – – –
ηt,2 Utilisation relative to the tensile stress in member 2 – – –
ηv Utilisation of the connection – – –
ηv,1 Utilisation relative to the shear stress in cross-section 1 – – –
ηv,2 Utilisation relative to the shear stress in member 2/cross-section 2 – – –
κmax Geometry factor (max. shear stress in at-risk areas) – – κτ

lk Relative slenderness ratio lk lrel,y/z lk

μ Coefficient of friction – μ μ
ρref,k Reference bulk density ρa ρa ρref,(i),k

ρref,k,1 Reference bulk density of member 1 – – –
ρref,k,2 Reference bulk density of member 2 – – –
ρref,k,i Reference bulk density of member i – – ρref,(i),k

ρk Characteristic bulk density ρk ρk ρ(i),k

ρk,1 Characteristic bulk density of member 1 – – –
ρk,1,2 Characteristic bulk density of cross-sections 1 and 2 – – –
ρk,2 Characteristic bulk density of member 2 – – –
ρk,HT Characteristic bulk density of the main beam – – –
ρk,NT Characteristic bulk density of the secondary beam – – –
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ρk,i Characteristic bulk density of member i/cross-section i – – ρ(i),k

ρmean Mean bulk density – ρm ρmean

ρmean,1 Mean bulk density of member 1 – – ρmean,1

ρmean,1/2/il Mean bulk density of member 1, member 2 or the interlayer – – ρmean,1/2/il

ρmean,2 Mean bulk density of member 2 – – ρmean,2

ρmean,i Mean bulk density of member i/cross-section i – – ρ(i),mean

ρmean,il Mean bulk density of the interlayer – – ρmean,il

S Total – S
Si Total of i – Si/Sj Si

σ10 % Compressive stress at 10 % compressed thermal insulation (measured in accordance with  
DIN EN 826)

σ10 % – –

σ90,d Design value of the stress perpendicular to the grain direction σ90,d σ90,d –
σc,90,d Design value of the compressive stress in the contact area – σc,90,d σc,90,d

σc,d Design value of the compressive stress – σc,d σc,d

σc,d,1 Design value of the compressive stress in member 1 – – σi

σc,k Characteristic value of the compressive stress σk – –
σm,d Design value of the bending stress σm,d σm,d σm,i

σm,d,1 Design value of the bending stress in member 1/cross-section 1 – – σm,i

σm,d,2 Design value of the bending stress in member 2/cross-section 2 – – σm,i

σmax,d,2 Largest value of the stress in member 2 – – –
σmin,d,1 Smallest value of the stress in member 1 – – –
σt,d,2 Design value of the tensile stress in member 2 – – σi

τd Design value of the shear stress τd τd τd

τmax Maximum shear stress in the at-risk areas – – τmax,d

τmax,d,2 Largest value of the shear stress in member 2 – – τ2,max

τz,d Shear stress in the z direction in the cross-section – – –
τz,d,1 Shear stress in the z direction in cross-section 1 – – –
τz,d,2 Shear stress in the z direction in cross-section 2 – – –
ϕ Factor k – ϕ
ϕc Reduction factor for screw buckling κc – ϕc

ϕTr Bearing rotation due to beam deflection – – φ
Ψ0 Combination factor in accordance with DIN EN 1990 – Ψ0 Ψ0

Ψ2 Combination factor in accordance with DIN EN 1990 – Ψ2 Ψ2

ωmean Timber equilibrium moisture content (annual average) – ω ωmean

Abbreviations
	
① Member 1 (in a connection)
② Member 2 (in a connection)
 il Interlayer
A2 Stainless steel (alloys: 1.4301, 1.4305 or 1.4307)
A4 Stainless steel (alloys: 1.4401)
GST Glued Solid Timber
BFU Plywood in accordance with DIN EN 636-1/S to -3/S (S = structural)
BGL Block Glued Glulam
CH Socket head (Cylinder Head)
CL Cross-Layered Timber – CLT, SWP-C
CLT Cross-Laminated Timber
COMBI Combination screw head (with shank reinforcement)
CPB Cement-Bonded Particleboard
CS Countersunk head
CSMP Countersunk head with Milling Pocket
CSMR Countersunk head with Milling Rib
CSMR-WW Countersunk head with milling ribs (high head shape with extended drive)
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CRC Corrosion Resistance Class
ETX External TX
SC Srength Class
FST Finger-jointed Structural Timber
GFB Gypsum Fibreboard
CT IIpc Coarse Thread II with milling pockets (pre-cut)
GL Glued Laminated Timber
GLVL Glued Laminated Veneer Lumber – GLVL-C, GLVL-P
GLVL-C Glued LVL – Crossband
GLVL-P Glued LVL – Parallel
GL 75 Beams made of laminated veneer lumber from beech in accordance with ETA-1470354
GPB Gypsum Plasterboard
GST Glued Solid Timber
GLT Birch Glued laminated timber made of birch in accordance with ETA-19/0031
GYB Gypsum Based – GPB, GFB
SLS Serviceability Limit State
ULS Ultimate Limit State
HB Hard fibreboard
HCR Steels for corrosive environments (High Corrosion Resistance – alloys: 1.4539, 1.4529)
HI Heat Insulation
MB Main Beam
JH Joist Hanger
LDC Load Duration Class
LCC Load Case Combination
LVL Laminated Veneer Lumber – LVL-C, LVL-P
LVL-C Laminated veneer lumber with Crossband veneer layers
LVL-P Laminated veneer lumber with Parallel veneer layers
LVLedge(wise) Laminated veneer lumber with vertical veneers (e.g. high-edge loading)
LVLflat(wise) Laminated veneer lumber with horizontal veneers (e.g. flat-edge loading)
MB Medium-hard fibreboard
MDF Medium-Density Fibreboard
NDP Nationally Determined Parameter
SC Service Class
SB Secondary Beam
OSB Oriented-Strand Board
P Screw with two threaded sections
PII Screw with two threaded sections
Pan Pan Head
Pan-JH Joist Hanger
PL Parallel-Laminated Timber – GST, GL, BGL, SWP-P
PW Plywood
QS Cross-section
R 30 Fire resistance period of 30 minutes
R 60 Fire resistance period of 60 minutes
RPB Resin-Bonded Particleboard
RW Internal drive
SB Porous fibreboard (Softboard)
SL Structural Lumber – ST, FST
ST Solid Timber
STB Strand-Based timber products
ShSt Sheet Steel
SWB Solid Wood-Based products
SWP Solid-wood panels in accordance with DIN EN 13986 
SWP-C Multilayer solid wood panel
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SWP-P Single-layer solid wood panel
PT Partial Thread
TTC Timber/Timber Composite
VB Veneer-Based timber products
FT Full Thread
FTS Fully Threaded Screw
VM Fasteners
WFB Wood Fibre-Based boards – HB, MB, SB, MDF
WH Washer Head – with domed head
WH II Washer head II (with step and flat head)
WHA2 Washer head on A2 screws
WPB Wood Particle-Based boards – RPB, CPB)
WW Countersunk head with milling ribs (high head shape with extended drive)
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ASSY® 4 VGN – fully threaded screw with needle tip

Grips instantly  
without slipping

The ASSY® 4 VGN has a thread that extends to 
the tip and effectively prevents slippage even at 
screw-in angles of 45° by engaging in the timber  
in the first turn.

Art. no. 0150 60 ...
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AMO® IV
The window installation screw for  
demanding applications. Break-in protection  
and fall-protected fastening in timber.

Placeholder

The fastening meets the requirements for windows with fall 
protection properties. 
Construction technique permit for fastening in timber structures. Can be 
statically designed using Würth window software.

Another quality product from Würth.
Art. no. 0234 63 …

Specialist article 
Fastening windows with fall protection in 
timber base materials

Konstruktiver 
Ingenieurbau
Sonderausgabe2024
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 Befestigung von 
absturzsichernden 
Fenstern im Veranke-
rungsgrund Holz
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