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General information

The company Adolf Würth GmbH & Co. KG wishes to use the 12 mm
diameter ASSY 3.0 combi wood screws with 17 mm hexagon head as
defined under ETA-11/0190 as transport anchors in conjunction with the
DEHA universal coupling or the BGW ball head lifter. This expertise
assesses the suitability of this self tapping wood screw for this application
case. This expertise replaces the expertise dated 9/25/2012 as a
consequence of changes in the European Technical Approval.
Würth ASSY 3.0 combi wood screws are wood fasteners approved in
Europe (ETA-11/0190 of 6/27/2013) that may be used for load bearing
wood connections. These screws are to be used to secure DEHA
universal couplings or BGW ball head lifters to wood components and
wood material panels as a means for transporting wood components. In
this case, the coupling is simply suspended from the screw. Figure 1
depicts the transport anchor system with the ASSY combi wood screw
d = 12 mm and DEHA universal coupling, load group 1-1.3.
When subjected to inclined loads, the timber can be provided with a cutout
that serves to reroute the horizontal components of the force directly into the
wood.
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Figure 1: Transport anchor system with the ASSY combi wood screw and
DEHA universal coupling, load group 1-1.3
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Regulations

EN 1991-1-1

Eurocode 1: Actions on structures – Part 1-1:
General actions – Densities, self-weight,
imposed loads for buildings

EN 1991-1-6

Eurocode 1: Actions on structures – Part 1-6:
General actions; Actions during execution

EN 1995-1-1

Eurocode 5: Design of timber structures –
Part 1-1: General – Common rules and rules
for buildings

DIN EN 1995-1-1/NA

National Annex - Nationally determined
parameters – Eurocode 5: Design of timber
structures – Part 1-1: General – Common
rules and rules for buildings

ETA-11/0190

European Technical Approval of Würth screws
(self-tapping screw in timber constructions) of
June 27, 2013

BGV D6

Accident
prevention
“Cranes”, 04/2001

BGR 500 (Section 2.8)

Lifting tackle in hoisting operations 04/2008

DEHA DKR 05

Technical information “DEHA conical pipe
anchor DRK”

LGA Bayern

Tensile tests on ball head anchors with lifters
from the company BGW, test report no.
2951056

Uibel, Th.; Blaß, H.

Bemessungsvorschläge für Verbindungen in
Brettsperrholz (“design suggestions for
connections in cross laminated timber”).
Bauen mit Holz 111 (2/2009) pp 46–53

3

regulations

Design bases

The transport anchor system for wood components consists of the ASSY
3.0 combi wood screw as defined under ETA-11/0190 and the DEHA
universal coupling or the BGW ball head lifter, load group 1.0-1.3 t. The
operating instructions issued by the manufacturers must be observed. The
decisive factor for load bearing capacity is the weakest link between these
two parts.
According to the European Technical Approval, the self-tapping screws may
be used for static or quasi static loads only. Transport anchors are primarily
subjected to weight forces. The loads carried are not very frequent, so the
weight forces can be considered to be quasi-static. The determination of
weight forces must be based on EN 1991-1-1.
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These loads, however, can swing when suspended from a crane. The level
of dynamic loading is affected by the choice of tensile connection between
the crane and the transport anchor system. Steel and synthetic cables exert
a damping effect. Short chains, on the other hand, exert unfavorable effects.
It is recommended to multiply the forces acting on the transport anchor
system by the dynamic coefficients ϕ listed in Table 1.
Table 1:

Recommended coefficients ϕ

Lifting device

Lifting speed

Stationary crane
< 90 m/min
Rotary crane
Rail crane
Stationary crane
Rotary crane
≥ 90 m/min
Rail crane
Lifting and transporting on level
ground
Lifting and transporting on
uneven ground

Dynamic coefficient ϕ
1.0 - 1.10
≥ 1.30
≥ 1.65
≥ 2.00

The actual dynamic coefficients may differ from the recommended values,
depending on the situation and prevailing circumstances. Also,
consideration must be given to the specifications under EN 1991-1-6.
The number of anchors define the suspension gear used. Suspension gear
consisting of more than three lines is always statically undefined when
suitable measures do not distribute the load uniformly over all three.
In the case of statically undefined suspension gear, BGR 500 (Section 2.8)
stipulates that the anchors’ dimensions must allow two of them to carry the
entire load. The loads at the anchor sites must be calculated from the
triangle of forces.
A purely axial force applied to the screw will pull it out of the wood. The
whole component should be secured with at least two self-tapping screws.
However, it must be ensured that the screws are not driven into shrinkage
cracks or similar.
According to the explanations (NCI) in the National Annex (DIN EN 19951-1/NA), one screw is adequate for an anchor site when the component is
secured with at least two self-tapping screws.
When the screws are driven to a minimum anchoring depth of 20 ⋅ d and
subjected to the planned axial tensile loads, only one screw need be used to
secure a component.
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This requires that the screw’s load bearing capacity is reduced by 50%.
The transport anchor system for wood components makes use of ASSY 3.0
combi self-tapping screws d = 12 mm and DEHA universal couplings or
BGW ball head lifters, load group 1-1.3. These screws may be driven in
components of solid structural timber, laminated beams, glued laminated
timber, cross laminated timber, or laminated veneer lumber of spruce, pine,
or fir only, or, more recently5, of beech or oak as well.
The screws can be driven into both undrilled and drilled timber components.
In the latter case, the diameter of the drilled hole must correspond to the
specifications in ETA Table 1 in the European Technical Approval. On the
hardwoods beech and oak and the softwoods larch and Douglas fir, the
screws may be driven into drilled holes only.
For safety reasons, the screws may only be used once.
The timber components must be at least 80 mm thick.
The minimum edge distances for screws with d = 12 mm in undrilled timber
components must correspond to the values in Table 2:
Table 2:

Minimum distances of self-tapping screws in undrilled
components of solid structural timber, laminated beams, glued
laminated timber, or laminated veneer lumber of spruce, pine,
or fir with densities ρk ≤ 420 kg/m³

from the edge in the direction of the grain
from the unloaded edge perpendicular to the grain
from the loaded edge perpendicular to the grain
between each other in the direction of the grain
between each other perpendicular to the grain

180 mm
60 mm
120 mm
144 mm
60 mm

When the distance in the direction of the grain between the screws and
to the grain cut end is at least 300 mm, the distance to the unloaded
edge perpendicular to the grain may be reduced to 36 mm. Accordingly,
the wood must be at least 72 mm wide.
If the characteristic density of the timber is greater than 420 kg/m³, the
minimum values under EN 1995-1-1, Section 8.3.1.2, Table 8.2, may be
set to those for nails in undrilled holes.
The minimum edge distances for screws with d = 12 mm in drilled timber
components must correspond to the values in Table 3:
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Table 3:

Minimum distances of self-tapping screws in drilled
components of solid structural timber, laminated beams,
glued laminated timber, or laminated veneer lumber of
spruce, pine, or fir

from the loaded edge in the direction of the grain
from the unloaded edge in the direction of the grain
from the unloaded edge perpendicular to the grain
from the loaded edge perpendicular to the grain
between each other in the direction of the grain
between each other perpendicular to the grain

144 mm
84 mm
36 mm
84 mm
60 mm
48 mm

Cross-laminated timber
The required minimum distances of the screws in the sides and faces of
cross-laminated timber can be taken from Tables 4 and 5. The minimum
distances are defined in Figures 2 and 3.
Table 4:

a1,t
a1,c
a2,c
a2,t
a1
a2

(from the edge in the direction of the grain)
(from the unloaded edge in the direction of the grain)
(from the unloaded edge perpendicular to the grain)
(from the loaded edge perpendicular to the grain)
(between each other in the direction of the grain)
(between each other perpendicular to the grain)

Table 5:

a1,t
a1,c
a2,c
a2,t
a1
a2

Minimum distances of self-tapping screws in the side of
components of cross-laminated timber of spruce, pine, or fir
(see Figure 2)
72 mm
72 mm
30 mm
72 mm
48 mm
30 mm

Minimum distances of self-tapping screws in the face of
components of cross-laminated timber of spruce, pine, or fir
(see Figure 3)

(from the edge in the direction of the grain)
(from the unloaded edge in the direction of the grain)
(from the unloaded edge perpendicular to the grain)
(from the loaded edge perpendicular to the grain)
(between each other in the direction of the grain)
(between each other perpendicular to the grain)
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The minimum thickness of the cross-laminated timber for determining the
minimum distances is 120 mm. The joins in the layers of the cross-laminated
timber may not be wider than the screw’s core diameter d1 = 7.2 mm. The
screws’ anchoring depth in the face of the cross-laminated timber must be
120 mm.

Figure 2: Definition of the minimum distances in the sides of crosslaminated timber

Figure 3: Definition of the minimum distances in the faces of crosslaminated timber
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4

Axial loading on the screw

A screw’s pull-out strength is defined primarily as a function of the thread’s
outer diameter d and the threaded part’s anchoring depth lef.
The characteristic value for the pull-out resistance of a screw driven in under
an angle of 45° ≤ α ≤ 90° (α = angle between screw axis and wood grain)
is calculated as follows:

The characteristic value for the pull-out resistance of a screw driven in under
an angle of 0° ≤ α < 45° (α = angle between screw axis and wood grain) is
calculated as follows:

The values used must be fax,k = 10.0 N/mm², d = 12 mm, the threaded part’s
anchoring depth lef in mm, and the characteristic value for the density in
kg/m³. The anchoring depth may not exceed the threaded length lg specified
in the European Technical Approval. Anchoring depths less than 48 mm
may not be billed.
This value also applies to the sides of cross-laminated timber. In the case of
screws anchoring more than one layer, each layer can be considered as a
percentage based on its characteristic density. When driven into the faces of
cross-laminated timber, the screws should anchor a layer completely.
When the maximum threaded length lg is 145 mm, the maximum
characteristic value for the pull-out resistance per transport anchor is
calculated as a function of the wood component’s characteristic density
(350 kg/m²) and 45° ≤ α ≤ 90° to yield:
max Fax,Rk = 17.4 kN
Tests with DEHA universal couplings and BGW ball head lifters did not
observe failure of the screw head, but of the screw shaft under the tensile
load. The characteristic value for the tensile strength of a carbon steel screw
is 41 kN.
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α

Figure 4: Transport anchor under axial tensile load
The design value for the pull-out resistance can be calculated from the
characteristic value as follows:

The modification factor kmod can be calculated for the load duration class (LDC)
“short” from EN 1995-1-1, Table 3.1, or DIN EN 1995-1-1/NA, Table NA.4.
For solid structural timber, laminated beams, glued laminated timber, laminated veneer
lumber and cross-laminated timber in utilization class 1 and 2,
kmod = 0.9.
In Germany, the following value may be assumed for the part safety coefficient
γM under DIN EN 1995-1-1/NA, Table NA.2 and NA.3:
γM = 1.3
This value may be different in other countries.
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This yields a maximum design value for the pull-out resistance of each
transport anchor of:
max Fax,Rd = 12.05 kN
This value must be compared with the design value Fax,Ed of the actions. In
other words, the tensile force NZ acting in the screw must be multiplied by
the part safety coefficients for the actions. For transported states, the action
is generally the structural element’s own weight. In this case:
Fax,Ed = 1.35 ⋅ NZ
This can be used to derive the greatest force NZ = 8.92 kN that can be
absorbed when the maximum threaded length of lg = 145 mm is used (ρk =
350 kg/m²; 45° ≤ α ≤ 90°).
The load bearing equipment used is the DEHA universal coupling or the
BGW ball head lifter, load group 1-1.3. This coupling is designed for a
maximum force of 13 kN. This requires adherence to the instructions and
handling conditions issued by Halfen-Deha Vertriebsgesellschaft mbH,
Liebigstr. 14, 40764 Langenfeld, and BGW-Bohr GmbH, Kastanienstr.,
97854 Steinfeld. Figure 4 depicts the load bearing equipment with a
transport anchor driven in under an angle.

5

Inclined loading on the screw

Angled tensile load is the case when the self-tapping screws are
subjected to simultaneous pull-out and shearing forces as depicted in
Figure 5. This combined loading is calculated as follows:

Fax,Ed Design value for the force component along the screw axis (pull-out
force)
Fv,Ed

Design value for the force component perpendicular to the screw axis
(shearing force)

Fax,Rd Design value for the pull-out resistance
Fv,Rd

Design value for the screw load perpendicular to the screw axis
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Figure 5:

Transport anchor under inclined load

The characteristic value for the pull-out resistance of a screw driven in under
an angle of 45° ≤ α ≤ 90° (α = angle between screw axis and wood grain)
is calculated as follows:

The characteristic value for the pull-out resistance of a screw driven in under
an angle of 0° ≤ α < 45° (α = angle between screw axis and wood grain) is
calculated as follows:

The values used must be fax,k = 10.0 N/mm², d = 12 mm, the threaded part’s
anchoring depth lef in mm, and the characteristic value for the density in
kg/m³.
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The anchoring depth may not exceed the threaded length lg specified in
the European Technical Approval. Anchoring depths less than 48 mm may
not be billed.
This value also applies to the sides of cross-laminated timber made of
softwood. In the case of screws anchoring more than one layer, each layer
can be considered as a percentage based on its characteristic density.
When driven into the faces of cross-laminated timber, the screws should
anchor a layer completely.
The design value for the pull-out resistance can be calculated from the
characteristic value as follows:
Fax,Rd = kmod / γM ⋅ Fax,Rk
The modification factor kmod can be calculated for the load duration class
(LDC) “short” from EN 1995-1-1, Table 3.1, or DIN EN 1995-1-1/NA, Table
NA.4.
For solid structural timber, laminated beams, glued laminated timber,
laminated veneer lumber and cross-laminated timber in utilization class 1
and 2,
kmod = 0.9.
In Germany, the following value may be assumed for the part safety
coefficient γM under DIN EN 1995-1-1/NA, Table NA.2 and NA.3:
γM = 1.3
This value may be different in other countries.
The screw head is connected via a joint to the load bearing equipment,
i.e. the screw head is not clamped.
The design value for the screw load perpendicular to the screw axis when
driven into steel parts to an anchoring depth t1 can be calculated as follows:

d=

12 mm

My,Rk = 58 Nm
γM,h = 1.3 (timber); γM,y = 1.3 (steel in connections); kmod = 0.9 (timber)
fh,k:

characteristic embedding strength of timber or wood-based panel in
N/mm²

The characteristic embedding strength for screws driven in undrilled
softwood with d = 12 mm is calculated as follows:
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without drilled holes
In the case of screws in drilled softwood with d = 12 mm, the characteristic
embedding strength is calculated as follows:

with drilled holes
Laminated veneer lumber
The characteristic embedding strength for the sides of laminated veneer
lumber is calculated as for softwood in accordance with EN 1995-1-1,
Section 8.3.1.
For screws driven into the faces of laminated veneer lumber, the embedding
strengths can be assumed to be one third of the embedding strengths
applying to the sides.
Cross-laminated timber
The embedding strength for screws driven into the faces of cross-laminated
timber can be assumed to be as follows, irrespectively of the screw axis
angle to the direction of the grain:
fh,k = 20 ⋅ d 0.5

in N/mm²

With the outer thread diameter d = 12 mm, this yields a embedding strength
fh,k = 5.77 N/mm² for softwood. The provisions in the European technical and
national approvals for cross-laminated timber must be observed.
The embedding strength for screws in the sides of cross-laminated timber
must be calculated as for solid structural timber. This requires that the
characteristic value for the outer layer is used as the density. If relevant,
consideration must be given to the angle between the force and the direction
of the grain in the outer layer.
The force must act perpendicular to the screw axis and parallel to the side of
the cross-laminated timber. For angles of 45° ≤ α < 90° between the screw
axis and the direction of the grain in the outer layer, the characteristic value
for the load bearing capacity can be assumed to be two thirds of the value
for α = 90° when the billed anchoring depth is set only to the measurement
perpendicular to the side.
– 13
–
Professor of structural engineering, Timber Construction and Structural Design at
Baden Württemberg Cooperative State University, Mosbach (DHBW)
Expert for timber construction and timber damage publicly appointed and sworn-in
by the Karlsruhe Chamber of Industry and Commerce
Authorized submitter of building documents for civil
List no. PV 112
engineering

76706 Dettenheim

Am Vogelsang 1
Phone (07255) 72027
Fax
(07255) 72028
hartmut @ werner-bauing.de
http://www.werner-bauing.de

prof. dr.-ing.

erner

hartmut

Publicly appointed and sworn-in expert

A force component acting perpendicular to the side may promote tensile
failure perpendicular to grain.
The tensile failure perpendicular to grain should be prevented by means of
a reinforcement secured parallel to the face with full thread screws (see
Figure 6).

Figure 6: Full thread screws preventing tensile failure perpendicular to
grain in a cross-laminated timber element
The tensile force NZ acting in the screw and the shearing force N must be
multiplied by the part safety coefficients for the actions. For transported
states, the action is generally the structural element’s own weight. In this
case:
Fax,Ed = 1.35 ⋅ NZ ;

Fv,Ed = 1.35 ⋅ N

The resulting force calculated in the direction of the suspension gear is
FEd = 1.35 ⋅ NSZ

6

Inclined loading on the screw with coupling head precisionfitted in cutout

When the coupling head of the load bearing equipment is precisionfitted in a cutout (Figure 7), it reroutes the horizontal force component
of the inclined tensile load directly into the wood. This cutout can be
made e.g. with a chain mortising maschine.
The characteristic value for the pull-out resistance of a screw driven in under
an angle of 45° ≤ α ≤ 90° (α = angle between screw axis and wood grain)
is calculated as follows:

The characteristic value for the pull-out resistance of a screw driven in under
an angle of 0° ≤ α < 45° (α = angle between screw axis and wood grain) is
calculated as follows:
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The values used must be fax,k = 10.0 N/mm², d = 12 mm, the threaded part’s
anchoring depth lef in mm, and the characteristic value for the density in
kg/m³. The anchoring depth may not exceed the threaded length lg specified
in the European Technical Approval. Anchoring depths less than 48 mm
may not be billed.
This value also applies to the sides of cross-laminated timber made of
softwood. In the case of screws anchoring more than one layer, each layer
can be considered as a percentage based on its characteristic density.
When driven into the faces of cross-laminated timber, the screws should
anchor a layer completely.
The design value for the pull-out resistance can be calculated from the
characteristic value as follows:
Fax,Rd = kmod / γM ⋅ Fax,Rk
The modification factor kmod can be calculated for the load duration class
(LDC) “short” from EN 1995-1-1, Table 3.1, or DIN EN 1995-1-1/NA, Table
NA.4.
For solid structural timber, laminated beams, glued laminated timber,
laminated veneer lumber and cross-laminated timber in utilization class 1
and 2,
kmod = 0.9.
In Germany, the following value may be assumed for the part safety
coefficient γM under DIN EN 1995-1-1/NA, Table NA.2 and NA.3:
γM = 1.3
This value may be different in other countries.
When the maximum threaded length lg is 145 mm, the maximum design
value for the pull-out resistance per transport anchor is calculated as a
function of the wood component’s characteristic density (350 kg/m²) and
α = 90° to yield:
max Fax,Rk = 17.40 kN
This yields a maximum pull-out resistance of each transport anchor of:
max Fax,Rd = 12.05 kN
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Figure 7: Transport anchor under inclined tensile load – coupling head of
the load bearing equipment precision-fitted in a cutout
This value must be compared with the design value Fax,Ed of the actions. In
other words, the tensile force component NZ acting in the screw must be
multiplied by the part safety coefficients for the actions. For transported
states, the action is generally the structural element’s own weight. In this
case:
Fax,Ed = 1.35 ⋅ NZ
This can be used to derive the greatest force NZ = 8.92 kN that can be
absorbed when the maximum threaded length of lg = 145 mm is used (ρk =
350 kg/m²; 45° ≤ α ≤ 90°).
The resulting force NSZ acting towards the suspension gear can be
calculated as a function of the angle of inclination.
A relief is not necessary: the horizontal force is absorbed by the contact
pressure. The wood is loaded largely in the direction of the grain.
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7

Summary

This expertise assessed the use of ASSY 3.0 combi self-tapping screws with
17 mm hexagon head used as a transport anchor in conjunction with the
DEHA universal coupling or the BGW ball head lifter. The system consists of
an ASSY 3.0 combi wood screw d = 12 mm and a DEHA universal coupling
or a BGW ball head lifter, load group 1-1.3.
Design bases and screw loads are specified for three cases.
1.

Axial loading on the screw

2.

Inclined loading on the screw

3.

Inclined loading on the screw with coupling head precision-fitted in
cutout

The maximum load is affected primarily by the screw-in depth and the
threaded length. The largest force that can be absorbed is calculated with
the specified design equations. In the case of smaller anchoring depths and
effective screw-in depths and threaded lengths, the forces that can be
absorbed must be reduced in accordance with the specifications.
At the same time, the specified constraints and minimum distances must be
observed.
Under these conditions, it is my opinion that Würth ASSY 3.0 combi selftapping screws may be used unreservedly as transport anchors.
Dettenheim, July 16, 2014

Prof. Dr.-Ing. Hartmut Werner
Publicly appointed and sworn-in expert
for timber construction and timber construction damage
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