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Remarks 

Translations of the European Technical Assessment in other languages shall fully correspond to the 
original issued document and should be identified as such. 
Communication of this European Technical Assessment, including transmission by electronic means, shall 
be in full. However, partial reproduction may be made with the written consent of Österreichisches Institut 
für Bautechnik. Any partial reproduction has to be identified as such. 
 

Specific parts  

1 Technical description of the product  

This European Technical Assessment (ETA) applies to the screws for use in timber constructions 
“RAWLPLUG screws R-PTX, R-PTK, R-PTS, R-PVS, R-PVZ, R-PCZ, R-PTR” hereinafter referred to 
as RAWLPLUG screws. RAWLPLUG screws are self-tapping screws divided into a drill tip, optionally 
a compressor and/or cutting groove, thread, optionally a friction part, shank, and head of the screw. 
The screws are made from special carbon or stainless steel. The screws from special carbon steel 
are hardened. They are anti-friction coated and are electrogalvanized and passivated (yellow or blue), 
provided with a zinc-nickel coating or hot-dip galvanised. Possible outer thread diameters as well as 
overall lengths for the RAWLPLUG screws are given in Table 1. 

A bending angle of 45° is reached for all screws. 

The screws correspond to the specifications given from Annex 1 to Annex 4. The material 
characteristics, dimensions and tolerances of the product not indicated in these Annexes, are given 
in the technical file1 of the European Technical Assessment. 

Table 1: Possible outer thread diameter and overall length of screws  

Type of 
RAWLPLUG 
screws 

Outer thread diameter Overall length 

min. max. min. max. 

 mm mm mm mm 

R-PTX 6 10 40 500 

R-PTK 6 10 40 500 

R-PTS 6 10 40 500 

R-PVS 6 12 80 600 

R-PVZ 6 12 80 600 

R-PCZ 6.5 8.5 65 500 

R-PTR 8 8 120 500 

 

2 Specification of the intended use(s) in accordance with the applicable European Assessment 
Document 

2.1 Intended use 

The screws are used for connections in load bearing timber structures between wood-based 
members or between those members and steel members: 

- Solid timber of softwood of strength class C14 or better and solid timber of hardwood of strength 
class D18 or better according to EN 3382 and EN 14081-1, 

                                                      
1 The technical file of the European Technical Assessment is deposited at Österreichisches Institut für Bautechnik. 
2 Reference documents are listed in Annex 10.  
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- Glued laminated timber and glued solid timber of softwood of strength class GL20 or better 
according to EN 14080 or glued laminated timber of hardwood according to European Technical 
Assessments or national provisions that apply on the installation site, 

- Laminated veneer lumber LVL according to EN 14374, 

- Cross laminated timber according to European Technical Assessments or national provisions 
that apply on the installation site. 

The screws may be used for connecting the following wood-based panels to the timber members 
mentioned above: 

- Laminated veneer lumber LVL according to EN 14374, 

- Solid wood panels according to EN 13353 and EN 13986, 

- Plywood according to EN 636 and EN 13986, 

- Oriented strand boards, OSB, according to EN 300 and EN 13986, 

- Particleboards according to EN 312 and EN 13986, 

- Fibreboards according to EN 622-2, EN 622-3 and EN 13986, 

- Cement-bonded particle boards according EN 634-1 and EN 13986 or European Technical 
Assessments or national provisions that apply on the installation site. 

Compression and tension reinforcement perpendicular to the grain with fully threaded screws as well 
as shear reinforcement with fully threaded screws with a diameter d ≥ 8 mm is allowed. 

In addition, screws with 6 mm ≤ d ≤ 12 mm may be used for fixing of thermal insulation on rafters 
and walls. 

For engineered wood products according to a European Technical Assessment (ETA) including 
provisions for the use of self-tapping screws, the provisions of the ETA of the engineered wood 
product apply. 

The product shall be subjected to static and quasi static actions only.  

The product is intended to be used in service classes 1, 2 and 3 according to EN 1995-1-1. The 
scope of the screws regarding resistance to corrosion shall be defined according to national 
provisions that apply at the installation site considering environmental conditions.  

Hot-dip galvanised screws with a minimum thickness of the zinc coating of 55 μm as well as screws 
made of stainless steel may be used in conditions defined by service class 3. The field of application 
of the screws made of stainless steel shall be defined according to EN 1993-1-4 or national 
provisions that apply at the installation site.  

2.2 General assumptions 

The screws for use in timber constructions are manufactured in accordance with the provisions of 
the European Technical Assessment using the manufacturing process as identified in the inspection 
of the manufacturing plant by Österreichisches Institut für Bautechnik and laid down in the technical 
file.  

The manufacturer shall ensure that the requirements in accordance with the Clauses 1, 2 and 3 as 
well as with the Annexes of the European Technical Assessment are made known to those who are 
concerned with design and execution of the works. 

Design  

The European Technical Assessment only applies to the manufacture and use of the screws for use 
in timber constructions. Verification of stability of the works including application of loads on the 
products is not subject to the European Technical Assessment.  

The following conditions shall be observed:  
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 Design of RAWLPLUG screws is carried under the responsibility of an engineer experienced in 
such products.  

 Design of the works shall account for the protection of RAWLPLUG screws to maintain service 
classes 1, 2 and 3 according to EN 1995-1-1 or national provisions that apply on the installation 
site.  

 RAWLPLUG screws are installed correctly.  

Design of the screws for use in timber constructions may be according to EN 1995-1-1, taking into 
account of Annex 5 to Annex 8 of the European Technical Assessment. Hereby, the outer thread 
diameter d is used as nominal diameter d or rather effective diameter def and lef is the threaded part 
in the timber member including point. 

Standards and regulations in force at the place of use shall be considered. 

Packaging, transport, storage, maintenance, replacement and repair 

Concerning product packaging, transport, storage, maintenance, replacement and repair it is the 
responsibility of the manufacturer to undertake the appropriate measures and to advise his clients 
on the transport, storage, maintenance, replacement and repair of the product as he considers 
necessary.  

Installation  

It is assumed that the product will be installed according to the manufacturer’s instructions or (in 
absence of such instructions) according to the usual practice of the building professionals. 

The screws are either driven into the wood-based member of softwood without pre-drilling or in 
predrilled holes with a diameter not exceeding the inner thread diameter or rather into the wood-
based member of hardwood in predrilled holes with a diameter minimally exceeding the inner thread 
diameter. 

The screw holes in steel members shall be pre-drilled with an adequate diameter greater than the 
outer thread diameter.  

The minimum penetration length of screws in the load-bearing wood-based members shall be 4 d.  

Screws made of carbon steel may be driven into laminated veneer lumber LVL of beech or related 
products of hardwood with predrilling. 

At least four screws shall be used in a connection with screws inserted in the timber member with 
an angle between screw axis and grain direction of less than 15°. The penetration length of the 
threaded part of the partly or fully threaded screw shall be at least 20 d. 

The use of only one screw in load-bearing connections is possible for screws loaded in axial direction 
and angles between grain direction and screw axis  ≥ 15° provided that a minimum penetration 
length of the threaded part of the screw of 20 d can be ensured. Hereby, the load-bearing capacity 
of the screw must be reduced by 50%. This reduction is not necessary for screws used as 
reinforcement perpendicular to the grain of wood-based members. 

For mounting of steel plates and wood-based panels the screw head must be placed on top of these 
members. 

The structural members which are connected with RAWLPLUG screws shall 

- be in accordance with Clause 2.1; 

- ensure minimum spacing and edge distances in accordance with EN 1995-1-1 and Annex 6. 
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2.3 Assumed working life 

The provisions made in the European Technical Assessment (ETA) are based on an assumed 
intended working life of RAWLPLUG screws of 50 years, when installed in the works, provided that 
the screws are subject to appropriate installation, use and maintenance (see Clause 2.2). These 
provisions are based upon the current state of the art and the available knowledge and experience3.  

The indications given as to the working life of the construction product cannot be interpreted as a 
guarantee neither given by the product manufacturer or his representative nor by EOTA nor by the 
Technical Assessment Body, but are regarded only as a means for choosing the appropriate 
products in relation to the expected economically reasonable working life of the works. 

 

3 Performance of the product and reference to the methods used for its assessment  

3.1 Essential characteristics of the product  

 Table 2: Essential characteristics of the product and product performance 

№ Essential characteristic Product performance 

Basic requirement for construction works 1:  Mechanical resistance and stability 1) 

1 Dimensions Annex 1 to Annex 5 

2 Characteristic yield moment Annex 6 

3 Bending angle Annex 6 

4 Characteristic withdrawal parameter Annex 6 

5 Characteristic head pull-trough parameter Annex 6 

6 Characteristic tensile strength Annex 6 

7 Characteristic yield strength Annex 6 

8 Characteristic torsional strength Annex 6 

9 Insertion moment Annex 6 

10 Spacing, end and edge distances of the screws and 
minimum thickness of the wood based material 

Annex 6 

11 Slip modulus for mainly axially loaded screws Annex 6 

12 Durability against corrosion 3.1.1 

Basic requirement for construction works 2: Safety in case of fire 

13 Reaction to fire 3.1.2 

Basic requirement for construction works 4:  Safety and accessibility in use 

14 Same as BWR 1 

1) These characteristics also relate to basic requirement 4 for construction works. 

 

 

                                                      
3 The real working life of a product incorporated in a specific works depends on the environmental conditions to which that 

works is subject, as well as on the particular conditions of the design, execution, use and maintenance of that works. 
Therefore, it cannot be excluded that in certain cases the real working life of the product can also be shorter than the 
assumed working life. 
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3.1.1 Durability against corrosion 

The product is intended to be used in service classes 1, 2 and 3 according to EN 1995-1-1. 

The screws made from carbon steel are electrogalvanized and yellow or blue passivated, coated 
with a zinc-nickel coating or hot-dip galvanised. The minimum thickness of the zinc coating of the 
screws is 5 μm and the minimum thickness of the zinc-nickel coating is 4 μm. The minimum 
thickness of the zinc coating of hot-dip galvanised screws is 55 μm. 

Steel no. 1.4567 or 14578 or equivalent according to EN 10088-1 is used for screws made from 
stainless steel. 

Durability of RAWLPLUG screws is in accordance with EN 1995-1-1 or national provisions that 
apply on the installation site. 

3.1.2 Reaction to fire 

RAWLPLUG screws are made from steel classified as Euroclass A1 in accordance with 
Commission Decision 96/603/EC, as amended by Commission Decision 2000/605/EC.  

3.2 Assessment methods  

3.2.1 General  

The assessment of the essential characteristics in Clause 3.1 of the screws for use in timber 
constructions for the intended use, and in relation to the requirements for mechanical resistance 
and stability, for safety in case of fire and for safety and accessibility in use in use in the sense of 
the basic requirements for construction works № 1, 2 and 4 of Regulation (EU) № 305/2011 has 
been made in accordance with the European Assessment Document EAD 130118-01-0603, 
“Screws and threaded rods for use in timber constructions”. 

3.2.2 Identification  

The European Technical Assessment for the screws for use in timber constructions is issued on 
the basis of agreed data that identify the assessed product. Changes to materials, to composition, 
to characteristics of the product, or to the production process could result in these deposited data 
being incorrect. Österreichisches Institut für Bautechnik should be notified before the changes are 
implemented, as an amendment of the European Technical Assessment is possibly necessary.  

 

4 Assessment and verification of constancy of performance (thereinafter AVCP) system applied, 
with reference to its legal base  

4.1 System of assessment and verification of constancy of performance 

According to Commission Decision 97/176/EC the system of assessment and verification of 
constancy of performance to be applied to “RAWLPLUG screws R-PTX, R-PTK, R-PTS, R-PVS, 
R-PVZ, R-PCZ, R-PTR” is System 3. System 3 is detailed in Commission Delegated Regulation (EU) 
№ 568/2014 of 18 February 2014, Annex, 1.4., and provides for the following items 

(a) The manufacturer shall carry out factory production control. 

(b) The notified laboratory shall assess the performance on the basis of testing (based on sampling 
carried out by the manufacturer), calculation, tabulated values or descriptive documentation of 
the construction product. 
 

4.2 AVCP for construction products for which a European Technical Assessment has been 
issued 

Notified bodies undertaking tasks under System 3 shall consider the European Technical 
Assessment issued for the construction product in question as the assessment of the performance 
of that product. Notified bodies shall therefore not undertake the tasks referred to in point 4.1 (b). 
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5 Technical details necessary for the implementation of the AVCP system, as provided for in the 
applicable European Assessment Document 

5.1 Tasks for the manufacturer  

5.1.1 Factory production control  

In the manufacturing plant the manufacturer shall establish and continuously maintain a factory 
production control. All procedures and specifications adopted by the manufacturer shall be 
documented in a systematic manner. The factory production control shall ensure the constancy of 
performances of RAWLPLUG screws with regard to the essential characteristics. 

The manufacturer shall only use raw materials supplied with the relevant inspection documents as 
laid down in the control plan. The incoming raw materials shall be subject to controls by the 
manufacturer before acceptance. Check of incoming materials shall include control of inspection 
documents presented by the manufacturer of the raw materials. 

The frequencies of controls conducted during manufacturing and on the finalised product are 
defined by taking account of the manufacturing process of the product and are laid down in the 
control plan.  

The results of factory production control are recorded and evaluated. The records include at least 
the following data:  

 Designation of the product, basic materials and components  

 Type of control or test  

 Date of manufacture of the product and date of testing of the product or basic materials or 
components  

 Results of controls and tests and, if appropriate, comparison with requirements  

 Name and signature of person responsible for factory production control  

The records shall be kept at least for ten years time after the construction product has been placed 
on the market. On request they shall be presented to Österreichisches Institut für Bautechnik.  

5.1.2 Declaration of performance 

The manufacturer is responsible for preparing the declaration of performance. When all the criteria 
of the assessment and verification of constancy of performance are met, the manufacturer shall 
issue a declaration of performance. 

 

Issued in Vienna on 12.07.2022 
by Österreichisches Institut für Bautechnik 

 
 

The original document is signed by: 
 

Rainer Mikulits 

Managing Director 
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Countersunk head R-PTX 

 

 
 

 
 

Washer head R-PTK 

 
 

 
 
 
 
 
 
 

Dim

6,0 12,0 ±0.90 5,7 ±0.57 4,3 ±0.21 6,0 ±0.30 4,00 ±0.25 4,5 ±0.45 7,5 ±1.9 4,7 ±0.5 9,0 ±1.0

8,0 15,0 ±1.20 6,7 ±0.67 5,9 ±0.29 8,0 ±0.40 5,30 ±0.30 5,7 ±0.57 9,9 ±2.5 6,2 ±0.6 12,0 ±1.0

10,0 18,5 ±1.50 8,2 ±0.82 7,1 ±0.35 10,0 ±0.60 6,40 ±0.50 6,1 ±0.61 12,0 ±3.0 7,7 ±0.8 12,0 ±1.0

k1Ødk Ød lspØdi P hØdRØds

Dim

6,0 14,0 ±0.80 3,0 ±1.0 7,5 ±0.75 3,5 ±0.8 1,5 ±0.8

8,0 20,0 ±1.50 3,5 ±1.0 9,0 ±0.90 4,5 ±1.0 2,0 ±0.9

10,0 25,0 ±2.00 4,5 ±1.2 12,0 ±1.20 6,5 ±1.5 2,0 ±0.9

Ødk k k1 sØd4
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Washer head R-PTS 

 
 

 
 
 
 

 
 

 
  Optional with milling thread, see Annex 3. 
 

 

Dim

6,0 13,0 ±0.65 1,8 ±1.0 1,8 ±1.0 8,0 ±0.4

8,0 19,0 ±1.50 2,4 ±1.0 2,4 ±1.0 10,0 ±0.5

10,0 24,0 ±2.50 3,0 ±1.0 3,0 ±1.0 13,0 ±0.65

s Ød4Ødk k

L b L b L b

40‐45 25 40‐45 25

50 32 50 32

55‐60 35 55‐60 35

70 40 70 40

80‐90 50 80 50 80 50

100‐130 60 90‐110 60 90‐110 60

140‐300 70 120‐130 70 120‐150 80

140‐150 80 160‐500 100

160‐500 100

Dim. 6.0

Screw length L and thread length b

(Tol. ±5%)

Dim. 10.0Dim. 8.0
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Countersunk head R-PVS 

 

 
 

 
 

Cylinder head R-PVZ 

 
 

 
 

 
 
  Optional with milling thread, see Annex 3. 

Dim

6,0 12,0 ±0.90 5,7 ±0.57 4,3 ±0.21 6,0 ±0.30 4,00 ±0.25 4,5 ±0.45 7,5 ±1.9

8,0 15,0 ±1.20 6,7 ±0.67 5,9 ±0.29 8,0 ±0.40 5,30 ±0.30 5,7 ±0.57 9,9 ±2.5

10,0 18,5 ±1.50 8,2 ±0.82 7,1 ±0.35 10,0 ±0.50 6,40 ±0.50 6,1 ±0.61 12,0 ±3.0

12,0 21,0 ±2.00 9,9 ±0.99 8,2 ±0.41 12,0 ±0.60 6,80 ±0.60 6,5 ±0.65 12,7 ±3.2

PØdiØdØds lspØdk k1

Dim

6,0 8,15 ±0.40 4,7 ±8.0

8,0 10,2 ±0.51 7,5 ±1.0

10,0 13,4 ±0.67 8,0 ±1.0

12,0 14,2 ±0.71 10,0 ±1.5

k1Ødk

L b L b L b L b

80‐220 L‐7 80‐400 L‐10 80‐300 L‐12 80‐300 L‐20

>400 L‐23 >300 L‐24 >300 L‐25

Dim. 10.0Dim. 8.0

Screw length L and thread length b (Tol. ± 5%)

Dim. 6.0 Dim. 12.0
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Cylinder head R-PCZ 

 

 
 

 
 

 
 
  Detail: optional with milling thread 
 

   

Dim

6,5 8,15 ±0.40 4,7 ±8.0 4,6 ±0.23 6,5 ±0.30 4,30 ±0.25 4,5 ±0.45 4,3 ±0.43 8,0 ±2.1

8,5 10,2 ±0.51 7,5 ±1.0 6,1 ±0.31 8,5 ±0.40 5,65 ±0.30 6,0 ±0.60 5,8 ±0.58 10,5 ±2.7

Ødk k1 Øds P2P1Ød Ødi lsp

L b L b

65 25,5 100 41

100 43 150 66

130 58 190 86

150 68 215 98,5

190 88 250 109

215 100,5 270 119

300 134

350 156,5

400 179

Dim. 8.5Dim. 6.5

Screw length L and thread length b 

(Tol. ±5%)
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R-PTR 
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Cylinder head R-PTR 

 

 
 

 
 

 
 
  Detail: optional with cutting ribs 
 

   
 
 

Dim

8,0 10,2 ±0.51 7,5 ±1.0 5,9 ±0.29 8,0 ±0.40 5,30 ±0.26 5,6 ±0.56 8,2 ±2.1 7,2 ±0.72 6,8 ±0.6 10,2 ±1.0 0,60 ±0.12

ØdR h tmP lsp ØdnØdk k1 Øds Ød Ødi

L b b2

200 60 60

220‐240 80 80

260‐600 100 80

Dim. 8.0

Screw length L and thread length b 

and b2
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  Optional head labelling possible. 

 
 
 
 
 
 

Dim T

6,0 T25 / T30

6,5 T25 / T30

8,0 T30 / T40

8,5 T30 / T40

10,0 T40 / T50

12,0 T40 / T50

e.g.: supplier code, 
screw type 

e.g.: length 
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The characteristic load bearing capacities in Tables A6.1 to A6.4 are given for timber of strength 
class C24 according to EN 338 (k = 350 kg/m³) unless specified otherwise in the following. For 
softwood with a deviating density the characteristic head pull-through parameter shall be 
corrected by the factor 

8.0

350








 k

densk


 

Where 

ρk  Characteristic density of timber in kg/m3 

For the characteristic withdrawal parameter the correction according to A.6.1.3 applies. 

 

Table A6.1: Characteristic head pull-through capacities of RAWLPLUG screws in structural 
timber for 90° heads; head diameter 12 to 21 mm 

R-PTX, R-PVS Head diameter (90° heads) 1) 

Product characteristic 12 15 18.5 21 

Characteristic head pull-
through parameter 
(ρk = 350 kg/m³) 

fhead,k N/mm² 14.6 12.4 12.2 10.3 

1) Linear interpolation is possible for head diameters in between the stated values 

Table A6.2: Characteristic head pull-through capacities of RAWLPLUG screws in structural 
timber for 180° heads; head diameter 14 to 25 mm 

R-PTK, R-PTS Head diameter (180° heads) 1) 

Product characteristic 13 14 20 24 25 

Characteristic head 
pull-through parameter 
(ρk = 350 kg/m³) 

fhead,k N/mm² - 16.7 17.6 - 15.2 

fhead,k R-PTS N/mm² 19.7 - 23.5 12.3 - 

1) Linear interpolation is possible for head diameters in between the stated values 
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Table A6.3: Characteristic load bearing capacities of RAWLPLUG screws (with fullthread) 
R-PVS and R-PVZ; screw diameter 6 to 12 mm 

R-PVS and R-PVZ (Annex 2) Screw diameter 

Product characteristic 6 8 10 12 

Max. length 
carbon steel 

lmax mm 
220 600 600 600 

stainless steel - 300 510 - 

Characteristic 
tensile strength 

carbon steel 
ftens,k kN 

12.4 22.0 32.0 42.0 

stainless steel - 13.5 18.5 - 

Characteristic 
yield moment 

carbon steel 
My,k Nm 

10.0 20.3 33.0 46.9 

stainless steel - - 1) - 1) - 

Characteristic withdrawal parameter 

angle screw-axis to grain: 90° 
(ρk = 350 kg/m³) 

fax,k,90° N/mm² 12.1 10.7 9.5 8.9 

Characteristic yield strength fy,k N/mm² 
950 (carbon steel) 

500 (stainless steel) 

Characteristic 
torsional strength 

carbon steel 
ftor,k Nm 

9.5 24.8 44.8 59.6 

stainless steel - 17.5 27.0 - 

Ratio 
characteristic 
torsional strength 
to mean insertion 
moment 

carbon steel 

ρk = 450 kg/m³ 

ρk = 480 kg/m³ ftor,k / 
Rtor,m 

- 

 

≥ 1.5 

- 

 

≥ 1.5 

- 

 

≥ 1.5 

- 

 

≥ 1.5 

- 

stainless steel 

ρk = 480 kg/m³ 

ρk = 534 kg/m³ 3) 

 

- 

- 

 

≥ 1.5 

- 

 

≥ 1.5 

≥ 1.5 2) 

 

- 

- 

Slip modulus Kser N/mm see A.6.1.6 

1) Calculation is possible according to Eurocode 5, Equation (8.14) for round cross section. (d = di, fu = 600 N/mm²). 
2) Max. screw length is 440 mm. 
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Table A6.4: Characteristic load bearing capacities of RAWLPLUG screws R-PTX, R-PTK, 
R-PTS, R-PCZ and R-PTR; screw diameter 6 to 10 mm 

R-PTX, R-PTK and R-PTS(Annex 1) 

R-PCZ (Annex 3) 

R-PTR (Annex 4) 

Screw diameter 

Product characteristic 6 and 6.5 8 and 8.5 10 

Max. length 
carbon steel 

lmax mm 
300 500 500 

stainless steel - 440 450 

Characteristic 
tensile strength 

carbon steel 
ftens,k kN 

12.4 22.0 32.0 

stainless steel - 13.5 21.0 

Characteristic yield 
moment 

carbon steel 
My,k Nm 

10.1 21.0 33.0 

stainless steel - - 1) - 1) 

Characteristic withdrawal parameter 

angle screw-axis to grain: 90° 
(ρk = 350 kg/m³) 

fax,k,90° N/mm² 12.1 10.7 9.5 

Characteristic yield strength 
fy,k N/mm² 

900 (carbon steel) 

500 (stainless steel) 

Characteristic 
torsional strength 

carbon steel 
ftor,k Nm 

9.5 24.8 44.8 

stainless steel - 17.5 27.0 

Ratio characteristic 
torsional strength to 
mean insertion 
moment 

carbon steel 

ρk = 450 kg/m³ ftor,k / 
Rtor,m 

- 

≥ 1.5 

stainless steel 

ρk = 480 kg/m³ 
- ≥ 1.5 ≥ 1.5 

1) Calculation is possible according to Eurocode 5, Equation (8.14) for round cross section. (d = di, fu = 600 N/mm²). 
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A.6.1 Axially loaded screws 

A.6.1.1 General 

For verification of the load bearing capacity of axially loaded RAWLPLUG screws the failure 
mechanisms according to EN 1995-1-1 as well as the minimum thicknesses, spacings and 
distances according to A.6.1.2 must be taken into account. 

Alternative to EN 1995-1-1 the effective number of inclined RAWLPLUG screws with an angle 
between screw axis and grain direction 30° ≤ α ≤ 60° may be taken as 

𝑛௘௙ ൌ 𝑚𝑎𝑥ሼ𝑛଴.ଽ; 0.9 ∙ 𝑛ሽ 

In the following cases the effective number of screws nef = n: 

- screws used as compression reinforcement inclined or perpendicular to the grain 
- inclined screws used for flexible jointing of beams or columns 
- screws used for fastening of thermal insulation material on top of rafters 

For verification of the load bearing capacity according to EN 1995-1-1 and EN 1993 1-1 in the 
tensile as well as in the compressive area reductions in the cross sectional area of wooden 
members or steel members caused by screws shall be taken into account. Screws with an 
outer thread diameter d ≥ 10 mm shall be taken into account by the inner thread diameter in 
wooden members whereas in steel members the drilling diameter shall be taken into account. 

In case of double-shear connections between wood-based members or between those 
members and steel members where wood-based or metal flaps are arranged symmetrically 
to the axis of the central timber member with inclined self-tapping screws, tension in 
transverse direction must be verified if the overlapping of the crossed screws in the middle of 
the axis is lower than 4 d. 

 

A.6.1.2 Spacing, end and edge distances of the screws and minimum thicknesses 

For RAWLPLUG screws with d ≤ 8 mm or provided with a half cut or drill point which are 
loaded only axially, the minimum spacing, end and edge distances according to Table A6.5 
apply for a minimum timber thickness of t = 12 d in non-predrilled holes. Table A6.5 is not valid 
for cross laminated timber. 
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Table A6.5: Minimum spacing, end and edge distances of only axially loaded 
RAWLPLUG screws (except CLT) 

Designation  Variant 1 Variant 2 

Boundary condition a1 ∙ a2 ≥ 25 d² (21 d²) - 

Spacing in a plane parallel to the grain a1 5 d 7 d 

Spacing perpendicular to a plane 
parallel to the grain 

a2 2.5 d (3 d) 5 d 

Spacing between the crossing screws 
for a crossed screw couple 
perpendicular to a plane parallel to the 
grain 

across 1.5 d 

End distance of the centre of gravity of 
the threaded part in the timber member 

a1,c 5 d 

Edge distance of the centre of gravity of 
the threaded part in the timber member 

a2,c 4 d 

 

Provided that a minimum thickness of the cross laminated timber of 10 d as well as a minimum 
penetration length of the screws of 4 d in the wide face or 10 d in the narrow face are met, the 
minimum spacings, end and edge distances given in Table A6.6 apply. 

Table A6.6: Minimum spacings, end and edge distances of RAWLPLUG screws in cross 
laminated timber 

 a1 a3,t a3,c a2 a4,t a4,c 

Wide face (see Figure A6.1) 4 d 6 d 6 d 2.5 d 6 d 2.5 d 

Narrow face (see Figure A6.1) 10 d 12 d 7 d 3 d 5 d 3 d 
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Figure A6.1: Definition of minimum spacings, end and edge distances in the wide face 
(left) and narrow face (right) of cross laminated timber 
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For connections between timber and a metal member of steel or aluminium sufficient contact 
of the screw head must be ensured. This is fulfilled for countersunk heads with countersunk 
washer as well as heads with a flat bottom side (e.g. pan head, washer head) for 90° drillings. 
Alternatively, countersunk head screws may be used in 90° countersunk drillings where the 
diameter of the chamfer is 1.5 times the diameter of the drilling, see Figure A.6.2. The diameter 
d of the drilling must be greater than the diameter of the screw. 

 

 

                5.1 ddFase  in mm 

                d   = diameter of the drilling in mm 

                Fased  =  diameter of the chamfer in mm 

 

Figure A6.2: Drilling of RAWLPLUG screws with countersunk head in metal members 
 
For countersunk head screws used in countersunk drillings of metal members under an angle 
30° ≤ α < 90° the drilling must be greater than the head diameter dk and the outer thread 
diameter d of the screw. Hereby, the minimum thickness s of the steel member underneath the 
screw head according to Figure A6.3 is required. 

 
 
 
 
                      α > 45°    s ≥ 3mm 
 

                     30° ≤ α ≤ 45°   s ≥ 2 mm 
 
 
 
 

Figure A6.3: Inclined drilling of RAWLPLUG screws with countersunk head in metal 
members 

 
Alternatively, screws with inclined washers can be used for inclined metal-wood connections. 
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A.6.1.3 Characteristic withdrawal parameter 

The characteristic withdrawal parameter for RAWLPLUG screws for angles 0° ≤  ≤ 90° 
between screw-axis and direction of wood-fibre may be calculated as 

fୟ୶,ୡୟ୪ୡ,୩ ൌ fୟ୶,୩,ଽ଴ ∙ kୟ୶ ∙ kୱ୷ୱ ∙ ቆ
ρ୩
ρ୰ୣ୤,୩

ቇ
୩ಙ

 

kୟ୶ ൌ ቊ
1.0

0.3 ∙ k୥ୟ୮ ൅
α

30°
൫1 െ 0.3 ∙ k୥ୟ୮൯

               for 30° ൑ α ൑ 90°
for 0° ൑ α ൑ 30°

 

k୥ୟ୮ ൌ ቄ0.9
1.0

               for narrow face
other

 

kୱ୷ୱ ൌ ൝
1.00
1.10
1.13

               
other

for CLT; n ൒ 3 layers
for GLT; n ൒ 5 layers

  see Figure A6.1 (wide face) 

k஡ ൌ ቐ

1.10
1.25 െ 0.05 𝑑

1.40
1.70

  

for softwood and 15° ൑ α ൑ 90°
for softwood and 0° ൑ α ൑ 15°

for ring porous hardwood and 0° ൑ α ൑ 90°
for diffuse porous hardwood and 0° ൑ α ൑ 90°

 

Examples for ring porous hardwoods: chestnut, ash, oak 
Examples for diffuse porous hardwoods: popular, birch, beech 

fax,k,90 characteristic withdrawal parameter according to Tables 6.3 to 6.4 in N/mm² 

ρref,k reference characteristic density of timber in kg/m3 

ρk  characteristic density of timber in kg/m3 

n  number of layers screwed through 

 

A.6.1.4 Characteristic head pull-through capacity for wood based panels 

The characteristic value of the head pull-through parameter for a characteristic density of 
380 kg/m³ of the timber and for the following wood based panels  

- Plywood according to EN 636 and EN 13986, 

- Oriented strand boards, OSB, according to EN 300 and EN 13986, 

- Solid wood panels according to EN 13353 and EN 13986, 

- Particleboard according to EN 312 and EN 13986, 

- Fibreboards according to EN 622-2, EN 622-3 and EN 13986, 

- Cement-bonded particle boards according to EN 634-1 and EN 13986 

is given in Table A.6.7. 
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Table A6.7: Characteristic value of the head pull-through parameter in dependence of 
the thickness of the wood-based panels tWBP 

tWBP ≤ 12 mm 12 mm < tWBP ≤ 20 mm > 20 mm 

fhead,k 8 N/mm²* 8 N/mm² 10 N/mm² 

* limited to 400 N complying with the minimum thicknesses of the wood based panels of 
1.2 d, with d as outer thread diameter 

 

For plywood with a minimum of 7 layers and a minimum thickness of 18 mm, the characteristic 
value of the head pull-through parameter for a characteristic density of 490 kg/m³ is 
(dk ≥ 18.8 mm) 

fhead,k = 16 N/mm² 

In addition the minimum thicknesses of Table A6.8 apply. 

Table A6.8 Minimum thicknesses of wood based panels 

Wood based panel Minimum thickness in mm 

Plywood 6 

Oriented strand board, OSB 8 

Solid wood panels 12 

Particleboard 8 

Fibreboards 6 

Cement-bonded particle boards 8 

 

A.6.1.5 Compressive loading for fully threaded screws 

The design load carrying capacity for RAWLPLUG screws with a full thread for an angle 
30° ≤  ≤ 90° between screw-axis and direction of wood-fibre for axial compressive loading is 
given as 

Fୟ୶,ୖୢ ൌ min ൬fୟ୶,ୡୟ୪ୡ,୩ ∙ d ∙ lୣ୤ ∙
k୫୭ୢ
γ୑

; κୡ ∙
N୮୪,୩

γ୑ଵ
൰ 

with 

fax,calc,k char. withdrawal capacity of the threaded part of the screw according to Clause 
 A.6.1.3 in N/mm² 

d   outer thread diameter of the screw in mm 

lef   penetration length of the threaded part of the screw in the timber member in mm 
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kmod  modification factor for duration of load and moisture content according to 
EN 1995-1-1 

γM   partial safety factor for connections according to EN 1995-1-1 

γM1  partial safety factor according to EN 1993-1-1 

κୡ ൌ

⎩
⎨

⎧
1.0                             for  𝜆௞തതത ൑ 0.2

1.0

𝑘 ൅ ට𝑘ଶ െ 𝜆௞
ଶതതതതത

      for  𝜆௞തതത ൐ 0.2 

k ൌ 0.5 ቂ1 ൅ 0.49 ∙ ൫λ୩തതത െ 0.2൯ ൅ λ୩തതത
ଶ
ቃ 

The related slenderness ratio 

λ୩തതത ൌ ඨ
N୮୪,୩

N୩୧,୩
 

with 

Npl,k  characteristic value of the plastic normal force load bearing capacity of the net cross-
section, related to the inner thread diameter di / shank diameter ds of the screws in N 

N୮୪,୩ ൌ
π ∙ dଵ

ଶ

4
∙ f୷,୩ 

fy,k  characteristic yield strength of RAWLPLUG screws in N/mm² according to Table A6.3 
to A6.4 

Nki,k  characteristic ideal elastic buckling load in N 

𝑁௞௜,௞ ൌ ඥ𝑐௛ ∙ 𝐸௦ ∙ 𝐼௦ 

ch  elastic foundation of the RAWLPLUG screws in the wooden member in N/mm² 

c୦ ൌ ሺ0.19 ൅ 0.012 ∙ dሻ ∙ ρ୩ ∙ ൬
90 ൅ α

180
൰ 

Es  modulus of elasticity of RAWLPLUG screws in N/mm², Es = 210 000 N/mm² 

Is   area moment of inertia of RAWLPLUG screws in mm4 

ρk   characteristic density of the wood-based member in kg/m³ 

Iୱ ൌ
π ∙ dଵ

ସ

64
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A.6.1.6 Slip modulus for mainly axially loaded screws 

The axial slip modulus Kser,ax of the threaded part per cutting surface for the serviceability limit 
state shall be taken for screws independent of angle   to the grain as 

Kୱୣ୰,ୟ୶ ൌ kୌ୅ ∙ d ∙ lୣ୤ 

with 

d   outer thread diameter of the screw in mm 

lef   penetration length of the threaded part of the screw in the timber member in mm 

kHA  coefficient depending on the type of wood of the wood-based member according to 
Table A6.9 

Table A6.9: Coefficient kHA depending on the type of wood of the wood-based member 

Type of wood 
Reference density 

m in kg/m³ 
Coefficient 

kHA 

Softwood 420 25 

chestnut 530 48 

ash 660 62 

poplar 485 34 

birch 635 54 

beech 740 78 

LVL beech* 840 53 

* according to EN 14374 or European Technical Assessment 

 

The coefficients listed in Table A6.9 apply to RAWLPLUG screws installed with or without pre-
drilling, provided that the pre-drilling diameter does not exceed 75% of the outer thread 
diameter. 
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A.6.2 Laterally loaded screws (perpendicular to the screw axis) 

A.6.2.1 General 

For verification of the load bearing capacity of laterally loaded RAWLPLUG screws the failure 
mechanisms according to EN 1995-1-1 as well as the minimum thicknesses, spacings and 
distances according to A.6.2.2 must be taken into account. 

NOTES: 
1) Hereby, the outer thread diameter d is used as effective diameter of the screw in 

accordance with EN 1995-1-1.  
2) For connections between timber and a steel member where the special head shape of the 

RAWLPLUG screws enables a precise fit into the drilling of the steel member the equations 
for thick steel may be used in case of steel thicknesses t ≥ 1.5 mm. The height of the 
flange must be greater than the thickness of the steel member. 

3) In the case of a connection with a group of screws loaded perpendicular to the screw axis 
the effective number of screws is to be taken as for nails according to EN 1995-1-1 if the 
connection area of the timber is not reinforced according to Clause A.8.2.3. 

 

A.6.2.2 Spacing, end and edge distances of the screws and minimum thicknesses 

For RAWLPLUG screws which are loaded only laterally, the minimum spacing, end and edge 
distances according to Table 6.11 apply. 

Table A6.10: Minimum spacing, end and edge distances of only laterally loaded 
RAWLPLUG screws 

Type  Spacing/distances 

Predrilled wooden members 
Analogous to pre-drilled nails according 

to EN 1995-1-1 

Non-predrilled wooden members 
Analogous to non-predrilled nails 

according to EN 1995-1-1 

 

NOTES: 
1) For screws with outer thread diameter d ≥ 8 mm in non-predrilled holes in wood-based 

members with thickness t < 5 d, the minimum distances for loaded and unloaded ends 
shall be 15 d. 

2) Minimum distances from the unloaded edge perpendicular to the grain may be reduced to 
3 d also for timber thickness t < 5 d, if the spacing parallel to the grain and the end distance 
is at least 25 d.  

3) Minimum spacings, end and edge distances of laterally loaded RAWLPLUG screws in 
wide face and narrow face of cross laminated timber are given in Table A6.6. 

The minimum thickness for structural members shall be in accordance with Table A6.11.  
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Table A6.11: Minimum thickness for structural members for laterally loaded 
RAWLPLUG screws d ≤ 12 mm 

Screw diameter  < 8 8 10 12 

Minimum thickness t for 
structural members 

mm 24 30 40 80 

 

A.6.2.3 Characteristic embedment strength 

EN 1995-1-1 applies for the embedment strength of RAWLPLUG screws in wooden members 
unless specified otherwise below. 

The characteristic embedment strength of RAWLPLUG screws installed in non-predrilled 
wooden members of solid wood, glued laminated timber, glued solid timber or solid wood 
panels may be determined as follows for angles 0° ≤ α ≤ 90° between screw axis and grain 
direction: 

f୦,୩ ൌ
଴.଴଼ଶ∙஡ౡ∙ୢషబ.య

ଶ.ହ ୡ୭ୱమ஑ାୱ୧୬²஑
 in N/mm² 

ρk   characteristic density of the wooden member in kg/m³ 

d   outer thread diameter of the screw in mm 

The characteristic embedment strength of RAWLPLUG screws installed in predrilled wooden 
members of solid wood, glued laminated timber, glued solid timber or solid wood panels may 
be determined as follows for angles 0° ≤ α ≤ 90° between screw axis and grain direction: 

f୦,୩ ൌ
଴.଴଼ଶ∙஡ౡ∙ሺଵି଴.଴ଵ ୢሻ

ଶ.ହ ୡ୭ୱమ஑ାୱ୧୬²஑
 in N/mm² 

The Equations above may be applied for RAWLPLUG screws within single softwood layers in 
cross laminated timber, if the single layer is considered as a separate softwood member and 
the minimum spacing, end and edge distances are observed for the single layer. Hereby, ρk 
is the characteristic density of the cover layer.  

The characteristic embedment strength of RAWLPLUG screws in the narrow face of cross 
laminated timber may be determined independent of the angle between screw axis and grain 
direction as 

f୦,୩ ൌ 20 ∙ 𝑑ି଴.ହ 

unless otherwise specified in the technical specification of the cross laminated timber. 
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A.6.2.4 Slip modulus for screws loaded perpendicular to the screw axis 

The slip modulus Kser,v per shear joint for the serviceability limit state shall be taken for screws 
independent of angle   to the grain as 

Kୱୣ୰,୚ ൌ k୚ ∙ d௘௙
ଵ.଻ in N/mm² 

with 

def  effective screw diameter in mm 
for a minimum distance of 4 d between thread and shear joint def = ds  
 otherwise def = 1.1 ∙ di 

kV  coefficient depending on the direction of load on the type of the connection and the 
predrilling according to Table A6.12 

Table A6.12: Coefficient kV depending on the direction of load on the type of the 
connection and the predrilling 

Direction of load 
Non-predrilled  Pre-drilled 

Wood-wood Metal-wood Wood-wood Metal-wood 

Parallel to the 
direction of the grain 

Kser,v,0 
60 120 3 ∙ 𝜌௞

଴.ହ 6 ∙ 𝜌௞
଴.ହ 

Perpendicular to the 
direction of the grain 

Kser,v,90 
30 60 1.5 ∙ 𝜌௞

଴.ହ 3 ∙ 𝜌௞
଴.ହ 

 

Linear interpolation is possible for arbitrary angles between load direction and angle of the 
grain. 

For the connection of two wooden members with different characteristic densities k for the 
determination of kV may be determined by 

𝜌௞ ൌ ඥ𝜌௞,ଵ ∙ 𝜌௞,ଶ 

with 

k,1 characteristic density of wooden member 1 in kg/m³ 

k,2 characteristic density of wooden member 2 in kg/m³ 
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A.6.3 Combined loading (perpendicular to and in direction of the screw axis) 

Verification of RAWLPLUG screws under combined loading (perpendicular to and in direction 
of the screw axis) is performed by 

ቆ
𝐹௔௫,ாௗ

𝐹௔௫,ோௗ
ቇ
ଶ

൅ ቆ
𝐹௏,ாௗ

𝐹௏,ோௗ
ቇ
ଶ

൑ 1 

with 

Fax,Ed  design value of the load in a connection in in axial direction of the screws 

Fax,Rd  design value of the load-bearing capacity of the screw connection in axial direction 

FV,Ed  design value of the load in a connection in in lateral direction of the screws 

FV,Rd  design value of the load-bearing capacity of the screw connection in lateral direction 

NOTE: 
1) For RAWLPLUG screws loaded in axial as well as in lateral direction the part of the rope 

effects shall be neglected for the determination of FV,Rd 
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A.7 RAWLPLUG screws in selected steel-wood and wood-wood connections 

A.7.1 Steel-wood connections  

Design for equally tightened screws (torque controlled) in a steel member under an angle 
30° ≤ α ≤ 45° may follow:  

𝐹ఈ,ோௗ ൌ 𝐹௔௫,ோௗ ∙ ሺcos𝛼 ൅ 𝜇 ∙ sin𝛼ሻ 

with 

𝐹௔௫,ோௗ ൌ 𝑛௘௙ ∙ 𝑚𝑖𝑛

⎩
⎨

⎧𝑓௔௫,௞,ଽ଴ ∙ 𝑑 ∙ 𝑙௘௙ ∙
𝑘௠௢ௗ
𝛾ெ

𝑓௧௘௡௦,௞

𝛾ெଶ

 

where: 

Fα,Rd  load bearing capacity of inclined screws in N 

nef   effective number of screws according to A.6.1.1 

kmod  modification factor for duration of load and moisture content according to 
EN 1995-1-1 

γM   partial safety factor for connections according to EN 1995-1-1 

γM2  partial safety factor according to EN 1993-1-1 

α   angle between screw axis and grain direction 

μ   friction coefficient between steel member and timber surface, 3.0  

 

NOTES: 
1) The real thread length of the screw is to be considered. 
2) Occurring tensile stresses perpendicular to grain have to be verified for hef : h < 0.7. A related 

reinforcement with fully threaded RAWLPLUG screws is shown in Figure A7.1. 
3) For arrangement of the RAWLPLUG screws perpendicular to the grain verification shall 

follow Clause A.6.2. 
4) For combined loading (more than one loading component to be transferred by the screwed 

joint) the regulations according to A6.3 shall be considered. 

Figure A7.1 shows an example of metal-to-timber connection with inclined RAWLPLUG Screws 
located in the end-grain or in side-grain. 
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Figure A7.1: Example of metal-to-timber connection with inclined RAWLPLUG Screws 
located in the end-grain or in side-grain 
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The screws may be used in connections between timber and a steel member, e.g. wind bracing 
or tensile splice in solid timber, glued laminated timber and glued solid timber of softwood. The 
screws are driven into the timber member under an angle between the screw axis and the grain 
direction of 30° ≤ α ≤ 90°.  

 

Figure A7.2: Example of metal-to-timber connection with inclined RAWLPLUG screws and 
RAWLPLUG screws arranged perpendicular to the grain 
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A8 RAWLPLUG screws for reinforcement of timber members for timber members 
loaded perpendicular to the grain and shear 

A.8.1 Reinforcement of timber members loaded in compression perpendicular to the 
grain (reinforcement of supports) 

The screws are driven into the timber member perpendicular to the contact surface under an 
angle between the screw axis and the grain direction of 45° to 90°. The screw heads must be 
flush with the timber surface. 

Reinforcing screws for wood-based panels are not covered by this European Technical 
Assessment. 

The design resistance of a reinforced contact area is: 

𝑅ଽ଴,ௗ ൌ 𝑚𝑖𝑛 ൝
𝑘௖,ଽ଴ ∙ 𝐵ଵ ∙ 𝑙௘௙,ଵ ∙ 𝑓௖,ଽ଴,ௗ ൅ 𝑛 ∙ min ቀ𝐹௔௫,ோௗ;

ே೛೗,ೖ
ఊಾభ

ቁ

𝐵ଶ ∙ 𝑙௘௙,ଶ ∙ 𝑓௖,ଽ଴,ௗ

 in N 

In addition to EN 1995-1-1, Clause A.6.1.5 the following parameters apply 

kc,90 parameter considering the type of loading, the risk of splitting and the degree of the 
compression deformation according to EN 1995-1-1, Clause 6.1.5 

B1 bearing width in mm 

B2 Width of the wooden member in the plane of the screw tip in mm 

lef,1 effective contact length according to EN 1995-1-1, Clause 6.1.5, in mm 

fc,d,90 design compressive strength perpendicular to the grain in N/mm² 

n number of reinforcing screws 𝑛 ൌ 𝑛଴ ∙ 𝑛ଽ଴ 

n0 number of reinforcing screws arranged in a row parallel to the grain 

n90 number of reinforcing screws arranged in a row perpendicular to the grain 

lef,2 effective contact length in the plane of the screw tips in mm 

𝑙௘௙,ଶ ൌ 𝑙௘௙ ൅ ሺ𝑛଴ െ 1ሻ ∙ 𝑎ଵ ൅ 𝑚𝑖𝑛൫𝑙௘௙;𝑎ଵ,௖൯  end supports 

𝑙௘௙,ଶ ൌ 2 ∙ 𝑙௘௙ ൅ ሺ𝑛଴ െ 1ሻ ∙ 𝑎ଵ       intermediate supports 

lef penetration length of the threaded part of the screw in the timber member in mm 

a1,c end distance of the centre of gravity of the threaded part in the timber member in 
mm 

a1 spacing of RAWLPLUG screws in a plane parallel to the grain and screw axis 

γM1 partial safety factor according to EN 1993-1-1 

If the reinforcement screws are screwed into the wooden member from both sides and the 
following recommendations are observed, the second line in the Equation for calculation of 
the design resistance may be omitted. 
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Figure A8.1: Reinforcement of timber members loaded in compression perpendicular to 
the grain: end support (left) intermediate support (right) 

 
For both sided reinforcement of timber members loaded in compression perpendicular to the 
grain for load transfer (see Figure A8.2) the contact surfaces on the bottom and top side of 
the wooden member must be arranged symmetrically. Arrangement of the reinforcing screws 
must be symmetrically and alternating. The minimum spacings according to A6.1.2 must be 
observed. The overlap llap of the reinforcement screw threads should be at least 10 d. 

 

Figure A8.2: Reinforcement of timber members loaded in compression perpendicular to 
the grain for load transfer 
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A.8.2 Reinforcement of timber members loaded in tension perpendicular to the grain 

Fully threaded screws may be used as tensile reinforcement perpendicular to the grain of the 
timber members. The screws are driven into the timber member under an angle between the 
screw axis and the grain direction of 90°. A minimum of two screws shall be used for tensile 
reinforcement perpendicular to the grain. Only one screw may be used when the minimum 
penetration depth of the screws below and above the potential crack is 20 ⋅ d where d is the outer 
thread diameter of the screw. 

A.8.2.1 Tension reinforcement for transverse connections and notches 

Tension reinforcement of transverse connections and notches in wooden members may be 
designed as follows: 

1.3 ∙ 𝑉ௗ ∙ ൤3 ∙ ቀ1 െ
௛೐೑
௛
ቁ
ଶ
െ 2 ∙ ቀ1 െ

௛೐೑
௛
ቁ
ଷ
൨ ൑ 𝐹௔௫,ோௗ  for notches 

𝐹ଽ଴,ாௗ ∙ ൤1 െ 3 ∙ ቀ
௔

௛
ቁ
ଶ
൅ 2 ∙ ቀ

௔

௛
ቁ
ଷ
൨ ൑ 𝐹௔௫,ோௗ     for transverse connections 

where 

𝐹௔௫,ோௗ ൌ 𝑛ଽ଴ ∙ 𝑚𝑖𝑛 ቐ
𝑓௔௫,௞ ∙ 𝑑 ∙ 𝑙௘௙ ∙

௞೘೚೏

ఊಾ
௙೟೐೙ೞ,ೖ

ఊಾమ

 for reinforcement acc. to Figure A8.3 and A8.4 

Vd design value of the lateral force in N 

F90,Ed design value of the force acting in the connection perpendicular to the grain of the 
timber members in N 

hef effective height/thickness of the timber member above the notch in mm 

h height/thickness of the timber member in mm 

a distance of the furthermost fastener of the transverse connection from the loaded 
edge of the wooden member in mm 

lef smaller value of the penetration depth below or above the plane of the potential 
crack in mm 

kmod modification factor for duration of load and moisture content according to 
EN 1995 1-1 

γM partial safety factor for connections according to EN 1995-1-1, Table 2.3 

γM2 partial safety factor according to EN 1993-1-1 

n90 number of reinforcing screws arranged in a row perpendicular to the grain (NOTE: 
Outside of the transverse connection or in the case of notches in general, only one 
screw may be taken into account in longitudinal direction of the beam) 
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(1) inclined fully threaded screw 
(2) application of load at the support 
(3) plane of the potential crack 

Figure A8.3: Reinforcement of notches with screws arranged under an angle of 90° or 
inclined screws 

 

 

Figure A8.4: Reinforcement of transverse connections with RAWLPLUG screws 
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A.8.2.2 Openings 

Openings in wooden members may be designed as follows: 

𝐹௧,௏,ௗ ൅ 𝐹௧,ெ,ௗ ൑ 𝐹௔௫,ோௗ 

where 

𝐹௧,௏,ௗ ൌ
𝑉ௗ ∙ ℎௗ

4 ∙ ℎ
∙ ቆ3 െ

ℎௗ
ଶ

ℎଶ
ቇ 

𝐹௧,ெ,ௗ ൌ 0.008 ∙
𝑀ௗ

ℎ௥
 

𝐹௔௫,ோௗ ൌ 𝑛ଽ଴ ∙ 𝑚𝑖𝑛 ቐ
𝑓௔௫,௞ ∙ 𝑑 ∙ 𝑙௘௙ ∙

௞೘೚೏

ఊಾ
௙೟೐೙ೞ,ೖ

ఊಾమ

 for reinforcement acc. to Figure A8.5 

with 

Ft,V,d design value of tension force perpendicular to the grain due to lateral force Vd in N 

Ft,M,d design value of tension force perpendicular to the grain due to bending moment Md 

in N 

hd height of the opening for rectangular openings or 70 % of opening diameter for 
circular openings in mm 

hr min (hro ; hru) for rectangular openings or min (hro + 0.15 hd ; hru + 0.15 hd) for circular 
openings in mm 

lef smaller value of the penetration depth below or above the plane of the potential 
crack in mm 

kmod modification factor for duration of load and moisture content according to 
EN 1995 1-1 

γM partial safety factor for connections according to EN 1995-1-1, Table 2.3 

γM2 partial safety factor according to EN 1993-1-1 

n90 number of reinforcing screws arranged in a row perpendicular to the grain 
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(1) application of load at the support 
(2) (3) plane of the potential crack 
(4) inclined fully threaded screw 

Figure A8.5: Reinforcement of openings with RAWLPLUG screws 
 

 

 

 

 

area of crack building 

area of crack building 
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A.8.2.3 Connections with dowel-type fasteners stressed with shear loads 

In connections with dowel-type fasteners stressed with shear loads (connection loaded in 
direction of the grain) the number of effective screws nef may be taken as nef = n for side and 
middle wood of each connection reinforced according to Figure A8.6 and 

0.3 ∙ 𝐹௩,଴,ாௗ

𝐹௔௫,ோௗ
൑ 1 

where 

Fv,0,ED Design value of the stress per fastener parallel to the grain in N 
Side wood: stress per fastener and shear plane 
Middle wood: Summed up stress per fastener and both shear planes  

𝐹௔௫,ோௗ ൌ 𝑛ଽ଴ ∙ 𝑚𝑖𝑛

⎩
⎨

⎧𝑓௔௫,௞ ∙ 𝑑 ∙ 𝑙௘௙ ∙
𝑘௠௢ௗ
𝛾ெ

𝑓௧௘௡௦,௞

𝛾ெଶ

 

with 

lef smaller value of the penetration depth of the thread of the screw and the tip in mm 

kmod modification factor for duration of load and moisture content according to 
EN 1995 1-1 

γM partial safety factor for connections according to EN 1995-1-1 

γM2 partial safety factor according to EN 1993-1-1 

n90 number of reinforcing screws arranged in a row perpendicular to the grain per side 
or middle wood 

 

Figure A8.6: Reinforcement of connections stressed with shear loads 
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A.8.2.4 Shear reinforcement 

Fully threaded screws may be used as shear reinforcement of solid timber, glued laminated timber 
and glued solid timber of softwood. The provisions are valid for straight beams with constant 
rectangular cross-section. The screws are driven into the timber member under an angle between 
the screw axis and the grain direction of 45°.  

A minimum of four screws shall be used for shear reinforcement in a line parallel to the grain 
whereas the spacing between the screws shall not exceed the depth h of the timber member. If 
the screws are arranged in one line parallel to the grain, it shall be done centrically in relation to 
the beam width. 

The effect of the reinforcement is limited to the shaded part of the timber member. Outside this 
area sufficient shear strength of the cross section must be verified. 

 

Figure A8.7: Shear reinforcement with RAWLPLUG screws 
 

Shear reinforcement may be designed according to 

𝜏ௗ ൑
𝑓௩,ௗ ∙ 𝜅ఛ
𝜂ு

 

where 

τd   design value of shear stress in N/mm² 

fv,d   design value of shear strength in N/mm² 

𝜅ఛ ൌ 1 െ 0.46 ∙ 𝜎ଽ଴,ௗ െ 0.052 ∙ 𝜎ଽ଴,ௗ
ଶ  

𝜎90,d  design value of stress perpendicular to the grain in N/mm² 

𝜎ଽ଴,ௗ ൌ
𝐹௔௫,ௗ

√2 ∙ 𝑏 ∙ 𝑎ଵ
 

b   with of the timber member in mm 

a1   spacing of screws parallel to the grain in mm 

𝐹௔௫,ௗ ൌ
√2 ∙ ሺ1 െ 𝜂ுሻ ∙ 𝑉ௗ ∙ 𝑎ଵ

ℎ
 

 

Vd   design shear force in N 
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h   height of the timber member in mm 

𝜂ு ൌ
𝐺 ∙ 𝑏

𝐺 ∙ 𝑏 ൅
1

2 ∙ √2 ∙ ൬
6

𝜋 ∙ 𝑑 ∙ ℎ ∙ 𝑘௔௫
൅

𝑎ଵ
𝐸𝐴ௌ

൰

 

G   mean value of shear modulus of the timber member in N/mm² 

d   outer thread diameter of the screw in mm 

kax   connection stiffness between screw and timber member in N/mm³,       
   kax = 12.5 N/mm³ for R-PVS/R-PVZ fully threaded screw with d = 8 mm 

EAs  axial stiffness of one screw in N 

𝐸𝐴௦ ൌ
𝐸 ∙ 𝜋 ∙ 𝑑ଵ

ଶ

4
 

d1   inner thread diameter of the screw in mm 

 

The axial capacity of the screw shall fulfil 

𝐹௔௫,ௗ

𝐹௔௫,ோௗ
൑ 1 

where 

𝐹௔௫,ோௗ ൌ 𝑛ଽ଴ ∙ 𝑚𝑖𝑛

⎩
⎨

⎧𝑓௔௫,௞ ∙ 𝑑 ∙ 𝑙௘௙ ∙
𝑘௠௢ௗ
𝛾ெ

𝑓௧௘௡௦,௞

𝛾ெଶ

 

with 

lef 50 % of the penetration depth of the thread in mm 

kmod modification factor for duration of load and moisture content according to 
EN 1995 1-1 

γM partial safety factor for connections according to EN 1995-1-1 

γM2 partial safety factor according to EN 1993-1-1 
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A.9.1 Fastening of thermal insulation material (on top of rafters and facades) 

RAWLPLUG screws with an outer thread diameter of at least 6 mm and lengths between 120 
mm and 600 mm may be used for fixing of thermal insulation material on rafters or on wood-
based members in vertical facades. Screws with partial thread and cylinder heads are 
excluded from fixing wood-based panels on rafters with thermal insulation material as 
interlayer. 

The angle between grain direction and screw axis shall be 30° ≤ α ≤ 90°. 

The thickness of the thermal insulation material is max. 400 mm. The thermal insulation 
material shall be applicable as insulation on top of rafters according to national provisions that 
apply at the installation site. 

The battens are made from solid timber strength class C24 according to EN 338 and 
EN 14081-1. The minimum thickness and width of the battens is: 

Table A9.1 Minimum thickness and width of the battens 

Screw diameter d in mm 
bmin tmin 

mm mm 

≤ 8 50 30 

10 60 40 

12 80 50 

Instead of battens the following wood-based panels may be used to cover the thermal 
insulation material if they are suitable for that use: 

− Plywood according to EN 636 and EN 13986, 

− Oriented Strand Board, OSB according to EN 300 and EN 13986, 

− Particleboard according to EN 312 and EN 13986 

− Fibreboards according to EN 622-2, EN 622-3 and EN 13986. 

The minimum thickness of the wood-based panels shall be 22 mm. 

The word batten in the following includes the meaning of the above mentioned wood-based 
panels. 

The substructure is made from solid timber strength class C24 according to EN 338 and 
EN 14081-1, cross laminated timber according to European Technical Assessments or 
laminated veneer lumber according to EN 14374. The minimum width is bmin = 60 mm, for 
screws with an outer thread diameter of 12 mm the minimum width bmin = 80 mm. 

The spacing between screws es shall be not more than 1.75 m. 

Friction forces shall not be considered for the design of the characteristic axial capacity of the 
screws. 
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The anchorage of wind suction forces as well as the bending stresses of the battens or the 
boards, respectively, shall be considered for design. Screws perpendicular to the grain of the 
rafter (angle α = 90 °) may be arranged if necessary. 

Design may follow EN 1995-1-1 if nothing different is specified below. 

The two following systems are possible for 0° ≤ β ≤ 90°:  

- System 1:  Alternately inclined screws (only screws with full thread, double thread) 

    A according to structural analysis, B ≤ 50 mm 

- System 2:  Parallel inclined screws (all screws, in case of compression resistant   
    insulation material ≥ 0.05 N/mm²) 

    A according to structural analysis 
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A.9.2 Alternately inclined screws (only screws with full thread and R-PCZ and R-PTR) 

The screws are predominantly loaded in withdrawal or compression, respectively. Only 
systems with battens are allowed.  

Design 

For design of thermal insulation systems in terms of number and spacing of the screws the 
following characteristic values of tensile or compressive load bearing capacity may be taken 
into account: 









UKefkax

Lefkax
kax ldf

ldf
R

,,,

,,,
, min




  in N 

where: 

,,kaxf   =  characteristic value of the axial withdrawal parameter of the threaded  

       part of the screw in the batten, ,,kaxf does not apply for wood-based  

       panels 

    =  angle between screw axis and grain direction of batten or substructure 

d     = outer thread diameter of the screw in mm 

Lefl ,     =  penetration length of the threaded part of the screw in the batten in mm; 

       the screw head length k may be taken into account for tension load (not 
       for compressive loading) 

UKefl ,    =  penetration length of the threaded part of the screw in the substructure  

       in mm; ≥ 60 mm  

For compressive loading the design compressive load bearing capacity shall not exceed the 
buckling capacity of the screws dplN ,  according to Table A.9.2.  
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Table A9.2 Buckling capacity of the screws 

Free screw 
length l 

between lath 
and rafter 
(mm) 

c * Npl,k (kN) for RAWLPLUG screws 

Outer thread diameter d 

6/6.5  8/8.5  10  12 

Inner thread diameter di 

3.8  5.2  6.2  6.9 

≤35  4.396  11.681  19.024  25.125 

60  2.497  7.576  13.516  18.834 

80  1.706  5.416  10.070  14.470 

100  1.232  4.008  7.621  11.154 

120  0.930  3.068  5.912  8.747 

140  0.726  2.418  4.699  7.000 

160  0.582  1.952  3.815  5.710 

180  0.477  1.608  3.156  4.739 

200  0.398  1.347  2.652  3.992 

220  0.337  1.144  2.259  3.407 

240  0.289  0.984  1.947  2.941 

260  0.251  0.855  1.695  2.563 

280  0.220  0.750  1.489  2.254 

300  0.194  0.663  1.318  1.997 

320  ‐  0.591  1.175  1.781 

340  ‐  0.529  1.054  1.599 

360  ‐  0.477  0.950  1.443 

380  ‐  0.432  0.862  1.309 

400  ‐  0.393  0.785  1.193 

 

A.9.3 Parallel inclined screws 

The screws are predominantly loaded in tension whereas corresponding thermal insulation 
material is loaded in compression. The minimum compression stress of the thermal insulation 
material at 10 % deformation, measured according to EN 826, shall be σ(10%) ≥ 0.05 N/mm².  
Hereby systems with battens or wood-based panels may be used. 

Design 

For design of thermal insulation systems in terms of number and spacing of the screws the 
following characteristic withdrawal parameter may be taken into account: 
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Fastening of thermal insulation material 
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where: 

,,kaxf   =  characteristic value of the axial withdrawal parameter of the threaded  

       part of the screw in the batten, ,,kaxf does not apply for wood-based  

       panels 

kheadf ,   =  characteristic head pull-through parameter according to Tables A6.1  

       and A6.2 
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
k  

.Däd    =  thickness of thermal insulation material in mm 

%10    =  compressive stress of thermal insulation material at 10 % strain in N/mm² 
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