ce fischer

DECLARAGCAO DE DESEMPENHO

DoP W0010
para parafusos fischer PowerFull Il PT

1. Coédigo de identificacéo Unico do produto-tipo: DoP W0010

Parafusos auto-roscantes para uso em construcdes de madeira, ver anexoss, especialmente
anexos 1, 2.

2. Utilizac@o(des) prevista(s):

3. Fabricante: fischerwerke GmbH & Co. KG, Klaus-Fischer-Str. 1, 72178 Waldachtal, Alemanha

4. Representante autorizado: -

5. Sistema(s) de avaliacdo e verificacéo da reqularidade 3
do desempenho (AVCP):

EAD 130118-01-0603

ETA-21/0751; 2022-08-26

ETA-Danmark A/S

0769 Karlsruher Institut fir Technologie (KIT)

6. Documento de Avaliacdo Europeu:
Avaliagdo Técnica Europeia:
Organismo de Avaliagédo Técnica:
Organismo(s) notificado(s):

7. Desempenho(s) declarado(s):

Resisténcia mecanica e estabilidade (BWR 1), Seguranca e acessibilidade em uso (BWR 4)

Dimensdes: Anexos 5-9
Momento de cedéncia caracteristico: Anexo 19
Angulo de curvatura: Anexo 19
Parametro de extragéo caracteristico: Anexos 26-29
Parametro de atravessamento da cabeca caracteristico : Anexo 31
Resisténcia caracteristica a tragéo: Anexos 2, 19
Resisténcia caracteristica de cedéncia: Anexo 19
Resisténcia caracteristica a torgéo: Anexos 2, 19
Torque de aparafusamento: Anexo 19

Espagamento, distancia de extremidade e ao bordo do parafuro e espessura minima do
material de madeira:

Médulo de deslizamento para parafusos carregados principalmente axialmente:

Anexos 14-18

Anexos 35-36

Durabilidade contra corroséo: Anexos 1,3
Seguranga em caso de incéndio (BWR 2)
Reagéo ao fogo: Classe (A1)

8. Documentacédo Técnica Adequada e/ou -
Documentagéo Técnica Especifica:

O desempenho do produto identificado acima esta em conformidade com o conjunto de desempenhos declarados. A presente declaragéo de desempenho é emitida,
em conformidade com o Regulamento (UE) n.o 305/2011, sob a exclusiva responsabilidade do fabricante identificado acima.

Assinado por e em nome do fabricante por:

Dr.-Ing. Oliver Geibig, Diretor Administrativo de Unidades de Negécios e Engenharia
Tumlingen, 2022-09-15

Jirgen Grin, Diretor Administrativo de Quimica e Qualidade

Este DoP foi preparado em diferentes linguas. Em caso de litigio sobre a interpretagéo, a versdo em inglés prevalecera sempre.

O Anexo inclui informagdes voluntarias e complementares em inglés que excedem os requisitos legais (linguisticamente especificados).
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Translation guidance Essential Characteristics and Performance Parameters for Annexes

0

fischer

Mechanical resistance and stability (BWR 1), Safety and accessibility in use (BWR 4)
Resisténcia mecanica e estabilidade (BWR 1), Seguranca e acessibilidade em uso (BWR 4)

1

Dimensions:
Dimensdes:

Characteristic yield moment:
Momento de cedéncia caracteristico:

Bending angle:
Angulo de curvatura:

Characteristic withdrawal parameter:
Parametro de extragdo caracteristico:

Characteristic head pull-through parameter:
Parametro de atravessamento da cabeca caracteristico :

fhead.k

Characteristic tensile strength:
Resisténcia caracteristica a tragéo:

ftens.k

Characteristic yield strength:
Resisténcia caracteristica de cedéncia:

fyx

Characteristic torsional strength:
Resisténcia caracteristica a torgéo:

ftor,k

©

Insertion Moment:
Torque de aparafusamento:

ftor,k/Rtor,mean

10

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

Espagamento, distancia de extremidade e ao bordo do parafuro e espessura minima do
material de madeira:

Ay, A Az ey Aoy Aapy A

11

Slip modulus for mainly axially loaded screws:
Médulo de deslizamento para parafusos carregados principalmente axialmente:

Kser

12

Durability against corrosion:
Durabilidade contra corroséo:

Safety in case of fire (BWR 2)
Seguranca em caso de incéndio (BWR 2)

13

Reaction to fire:
Reacéo ao fogo:

Class

Fischer DATA DOP_W_BUHolz_V11.xlsm
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Il SPECIFIC PART OF THE
EUROPEAN TECHNICAL
ASSESSMENT

1  Technical description of product

»fischer PowerFull ll« screws are self-tapping
screws to be used in timber structures. They shall be
threaded over the full length or over a part of the
length. The screws are produced from a carbon steel
wire with outer thread diameters d (hnominal
diameter) between 6,0 mm and 14,0 mm. Where
corrosion protection is required, the material or
coating shall be declared in accordance with the
relevant specification given in  Annex A of
EN 14592. They are zinc-plated (e.g., yellow-zinced
or blue-zinced), bonus-zinc-coated, burnished,
nickel-plated or brass-plated. The mean thickness of
the zinc-plated screws is min. 5 pm.

Product and product description are given in the
Annex A.

The characteristic material values, dimensions and
tolerances of the »fischer PowerFull ll« screws not
indicated in Annexes shall correspond to the
respective values laid down in the Technical
Documentation of this European Technical
Assessment (ETA).

Specifications of the product itself are given in
Annex C1. The screws are intended to be used with
a minimum embedment depth (penetration length)
given in Annex C2. It is possible to consider the
influences of the tip of the screws on the load-
carrying capacities. The intended use and exemplary
applications are also detailed in the Annex D to
Annex N.

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

The performances given in Section 3 are only valid if
the »fischer PowerFull ll« screws are used in
compliance with the specifications and conditions
given in Annex C.

The intended use of the screws is in timber
connections for which all requirements of mechanical
resistance, stability and safety in use in the sense of
the Basic Works Requirements 1 and 4 of Regulation
305/2011 (EU) shall be fulfilled.

The provisions made in this European Technical
Assessment are based on an assumed intended
working life of the screws of 50.

The indications given on the working life cannot be
interpreted as a guarantee given by the producer or
Assessment Body but are to be regarded only as a
means for choosing the right products in relation to
the expected economically reasonable working life
of the products.
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3 Performance of the product and references to the methods used for its assessment

Characteristic

Assessment of characteristic

3.1 Mechanical resistance and stability (BWR 1)
Dimensions

Characteristic yield moment

Bending angle

Characteristic withdrawal parameter

Characteristic head pull-through parameter of screws

Characteristic tensile strength

PowerFull 11

Characteristic yield strength

Characteristic torsional strength

PowerFull 11

Insertion moment

Spacing, end and edge distances of the crews and
minimum thickness of the timber material

Slip modulus for mainly axially loaded screws and
threaded rods

Durability against corrosion

3.2 Safety in case of fire (BWR2)

Reaction to fire

3.4 Safety and accessibility in use (BWR4)

Same as BWR 1

See annex Al
See annex C1

See annex C1
See annex D7
See annex D15

Characteristic value fiensk:

d= 6,0 mm 12,8 kN
d= 8,0 mm 26,4 kN
d=10,0 mm 37,8 kN
d=12,0 mm 36,0 kKN
d=14,0 mm 55,0 kN
See annex C1

Characteristic value fiork:

d= 6,0 mm 10 Nm
d= 8,0 mm 28 Nm
d=10,0 mm 39 Nm
d=12,0 mm 58 Nm
d=14,0 mm 102 Nm

Note: Ratio of the characteristic torsional
strength to the mean insertion moment:
ftor,k / Rtor,mean > 1,5 (Annex C1)

See annex B5 to B9
See annex D17

No performance assessed

The screws are considered to satisfy Euroclass
Al in accordance with EN 13501-1 and
Delegated Regulation 2016/364, according to
EC Decision 96/603/EC.

See aspects covered by BWR 1

The intended use and exemplary applications are also detailed in the Annex D to Annex N

See additional information in section 3.8 and 3.9
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3.8 Methods of verification

The  assessment of the performance  of
»fischer PowerFull ll« screws in relation to the
applicable BWR’s has been made in accordance with
the European Assessment Document (EAD) No. EAD
130118-01-0603 Screws and threaded rods for use in
timber constructions.

Durability and servicability

The screws have been assessed as having satisfactory
durability and serviceability when used in timber
structures using the timber species described in
EN 1995-1-1 and subjected to the conditions defined by
service classes 1 and 2.

3.9 General aspects related to the fitness for use of
the product.

The European Technical Assessment is issued for the
screws based on agreed data/information, deposited
with ETA-Danmark, which identifies the product that
has been assessed. Changes to the product or production
process, which could result in this deposited
data/information being incorrect, should be notified to
ETA-Danmark before the changes are introduced. ETA-
Danmark will decide if such changes affect the ETA and
consequently the validity of the CE marking based on
the ETA and if so whether further assessment or
alterations to the ETA, shall be necessary.

The screws are manufactured in accordance with the
provisions of the European Technical Assessment using
the automated manufacturing process as identified
during the inspection of the plant by the assessment
body issuing the ETA and the notified body and laid
down in the technical documentation. The installation
shall be carried out in accordance with EN 1995-1-1
(Eurocode 5), or an appropriate national code unless,
otherwise defined in this document.
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4 Assessment and verification of constancy
of performance (hereinafter AVCP)

system applied, with reference to its legal
base.

4.1 AVCP system

According to the decision 97/176/EC of the European
Commission, as amended, the system(s) of assessment
and verification of constancy of performance (see
Annex V to Regulation (EU) No 305/2011) is 3.
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PowerFull Il — Self-tapping screw - Countersunk head with full thread

Table A1.1: Screw Dimensions and Materials

Drawing
&
|
3 i
< S A A AR =1
'C:I: oy ©
oy Drive TX
Coremiller
1)optional Figure not to scale
Materials and coatings
= Carbon Steel
= Yellow zinc-plated, blue zinc-plated, blue zinc-plated = 12 ym, bonus-zinc-coated
Nominal diameter 6,0 8,0
d Outer thread diameter 6,00 8,00
Allowed deviation + 0,30 + 0,40
di Inner thread diameter 3,95 5,20
Allowed deviation + 0,30 + 0,40
o Head diameter 11,50 14,40
Allowed deviation + 0,60 +0,70
d Shank diameter 4,25 5,85
¥ Allowed deviation +0,30 +0,30
h Head height 3,60 4,60
A Length of the screw tip 7,30 9,80
Drive TX 30 40
Nominal length Standard thread length
l Allowed Deviations
° ls,min/max lgf, min lgf, min
80 s +2,30
920 ls+2,70
100 ls 2,70
110 L+ 2.70 s —12,00 ls—19,00
120 ls+2,70
150 ls £ 3,20
in steps of 10 mm
gsg : . j:lg s —12,00 s —19,00
in steps of 10 mm
300 | ls 4,10 ls—12,00 s —19,00
in steps of 10 mm
400 | ls + 4,50 ls —19,00
in steps of 10 mm
500 | ls + 4,90 ls —19,00

All sizes in [mm]

2) Other screw lengths with s min < Is < ls max and other thread lengths lgr= 4xd up to max. standard thread lengths are
allowed

fischer PowerFull 1l

Annex A1
Dimensions and Materials — Countersunk head with full thread
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PowerFull Il — Self-tapping screw - Cylinder head with full thread

Table A2.1: Screw Dimensions and Materials

Drawing
&
ezt o | l
1] t \
© [
8] - 5l o
h Coremillerﬂ prive T
1)optional Figure not to scale
Materials and coatings
= Carbon Steel
= Yellow zinc-plated, blue zinc-plated, blue zinc-plated = 12 ym, bonus-zinc-coated
Nominal diameter 6,0 8,0
d Outer thread diameter 6,00 8,00
Allowed deviation + 0,30 + 0,40
ds Inner thread diameter 3,95 5,20
Allowed deviation + 0,30 + 0,40
dh Head diameter 8,60 10,70
Allowed deviation + 0,60 + 0,60
d Shank diameter 4,25 5,85
° Allowed deviation + 0,30 +0,30
h Head height 4,50 5,50
Il Length of the screw tip 7,30 9,80
Drive TX 30 40
Nominal length Standard thread length
l Allowed Deviations
® ls,min/max l.gf, min l.gf, min
80 ls+2,30
90 ls+2,70
100 ls+2,70
110 L+ 270 ls—12,00 s —19,00
120 ls+2,70
150 ls £ 3,20
in steps of 10 mm
o 3 a0 s 12,00 119,00
in steps of 10 mm
300 | ls+4,10 ls—12,00 ls —19,00
in steps of 10 mm
400 | ls + 4,50 ls —19,00
in steps of 10 mm
500 | ls + 4,90 ls —19,00

All sizes in [mm]

2) Other screw lengths with ls min < ls < s max and other thread lengths lgr= 4xd up to max. standard thread lengths are

allowed

fischer PowerFull Il

Annex A2

Dimensions and Materials — Cylinder head with full thread
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PowerFull Il — Self-tapping screw - Countersunk head with full thread and drilling tip

Table A3.1:

Screw Dimensions and Materials

Drawing

(5

Underhead
milling ribs

1)optionai

i

na
-

)

Lgf

R
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L. Cutting notches

1)

1
Trade markL\

..

Drive TX

Figure not to scale

Materials and coatings
= Carbon Steel
= Yellow zinc-plated, blue zinc-plated, blue zinc-plated = 12 ym, bonus-zinc-coated

Nominal diameter 10,0 12,0 14,0
d Outer thread diameter 10,00 12,00 14,00
Allowed deviation + 0,50 + 0,60 + 0,60
ds Inner thread diameter 6,20 7,00 8,50
Allowed deviation +0,30 +0,35 +0,40
dh Head diameter 18,00 21,00 22,00
Allowed deviation +0,50 + 0,50 + 0,50
de Shank diameter 7,00 8,00 10,00
Allowed deviation +0,30 +0,30 +0,30
h Head height 8,00 9,25 8,90
ly Length of the screw tip 8,00 10,00 12,00
Drive TX 40 [ 50 50 50
Nominal length Standard thread length
Allowed Deviations
ls
ls,min/max lgf, min lgf, min lgf, min
in steps of 10 mm
100 - 120 ls+2,70
120 - 180 s + 3,20
180 - 250 s + 3,60
250 - 315 s+ 4,10 ls —20,00
315 -400 ls + 4,50
400 - 500 s + 4,90 s =20,50
500 - 600 ls + 5,50 ls —22,00
600 - 630 ls +5,50
630 - 800 ls + 6,30
800 - 1000 s+ 7,00
11020;)0' ls + 8,30
11255000' ls + 9,30

All sizes in [mm]

2) Other screw lengths with s min < Is < ls max and other thread lengths lgr= 4xd up to max. standard thread lengths are

allowed

fischer PowerFull Il

Annex A3

Dimensions and Materials — Countersunk head with full thread and drilling tip
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PowerFull Il - — Self-tapping screw - Cylinder head with full thread and drilling tip

Table A4.1: Screw Dimensions and Materials

Drawing

lgf

ds

AT

1)optional

R R "-,
“a‘\ I

1
ju— Cutting notches !

1
Trade mark)j

Drive TX

Figure not to scale

Materials and coatings
= Carbon Steel

= Yellow zinc-plated, blue zinc-plated, blue zinc-plated = 12 ym, bonus-zinc-coated

Nominal diameter 10,0 12,0 14,0
d Outer thread diameter 10,00 12,00 14,00
Allowed deviation +0,50 + 0,60 + 0,60
ds Inner thread diameter 6,20 7,00 8,50
Allowed deviation +0,30 +0,35 +0,40
dh Head diameter 12,50 14,50 14,50
Allowed deviation + 0,50 +0,50 + 0,50
de Shank diameter 7,00 8,00 10,00
Allowed deviation +0,30 +0,30 +0,30
h Head height 7,00 8,00 10,00
¢ Length of the screw tip 8,00 10,00 12,00
Drive TX 40 | 50 50 50
Nominal length Standard thread length
Allowed Deviations
ls
ls,min/max lgf, min lgf, min lgf, min
in steps of 10 mm
100 - 120 ls+2,70
120 - 180 ls + 3,20
180 - 250 s + 3,60
250 - 315 s + 4,10 s —20,00
315 -400 ls + 4,50
400 - 500 ls + 4,90 s =20,50
500 - 600 ls + 5,50 ls —22,00
600 - 630 ls +5,50
630 - 800 ls + 6,30
800 - 1000 ls £ 7,00
11020;)0' ls + 8,30
11255000' ls + 9,30

All sizes in [mm]

2) Other screw lengths with s min < Is < ls max and other thread lengths lgr= 4xd up to max. standard thread lengths are

allowed

fischer PowerFull Il

Dimensions and Materials — Cylinder head with full thread and drilling tip

Annex A4
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PowerFull Il - Washers

Table A5.1: Washer Dimensions and Materials

Drawing
90
A
)
% %
\if/ i o A A
7 db
- da
Doptional Section A-A Figure not to scale
Materials and coatings
= Carbon Steel
= Yellow zinc-plated, blue zinc-plated, blue zinc-plated =212um, bonus-zinc-coated, burnished,
nickel plated, brass plated
= Stainless steel
Nominal diameter 6,0 8,0 10,0 12,0
d Outer diameter 21,00 25,50 30,50 37,40
2 Allowed deviation +2,0 +2,0 +2,0 +0,4
d Inner diameter 6,70 8,70 11,20 14,00
° Allowed deviation 0,4 -0,4 04 +0,4
b Washer height 4,70 5,20 6,20 8,50
Allowed deviation -0,4 -0,4 -0,4 +0,3
h Washer edge height 1,50 1,80 2,00 2,50
Allowed deviation +0,15 +0,15 +0,15 +0,3

All sizes in [mm]

fischer PowerFull Il

Dimensions and Materials — Washers

Annex A5
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Base Materials:

Specifications of the intended use (informative)

The screws are used for connections in load bearing timber structures between members of softwood
and hardwood shown in the Table B1.1 and in combination with steel plates.
»fischer PowerFull ll« screws can also be used as tensile or compressive reinforcement perpendicular
to the grain (Annexes F, G, H, |, J, K) or as shear reinforcement (Annex E). Furthermore
»fischer PowerFull ll« screws may also be used for fixing of thermal insulation on rafters and on vertical

facades (Annex L).

Steel plates and wood-based panels shall only be fixed on the side of the screw head - except SWP, VB
if a screw with countersunk head is used.

The minimum thickness of wood-based panels should be at least 1,2-d.

Table B1.1: Materials for the intended use

Groups and Subgroups Product Abbreviation |hEN or EAD
- Strength graded structural softwood |ST-c EN 14081-1,
s timber
@ EN 1912
é Strength graded structural hardwood | ST-d EN 14081-1,
= timber EN 1912
o
% Structural finger jointed timber FST EN 15497
=}
o n Glued structural timber GST EN 14080
5 o Glued laminated timber made of GLT-c EN 14080
o
3 o softwoods
® £
Qo ° Block glued glulam BGLT EN 14080
kS 5 ~
g 23
s g = Glued laminated timber made of GLTd EAD
fe) — hardwoods
7z ©
g Single layered solid wood panel SWP-P EN 13353
o
s 5 Cross laminated timber CLT EAD
23S 130005-01-0304
o=
© £ 8 Multi-layered solid wood panel SWP-C EN 13353

fischer PowerFull 1l

Annex B1

Materials of the intended use

(informative)

Appendix 10/ 70




Table B2.1: Materials for the intended use (continuous of Table B1.1)

Groups and Subgroups Product Abbreviation | hEN or ETA
Softwood LVL with parallel veneers |LVL-P-c EN 14374
Hardwood LVL with parallel veneers |LVL-P-d ETA
~ E Hardwood Glued LVL with parallel GLVL-P-c
3 5 veneers
g Hardwood Glued LVL with parallel GLVL-P-d ETA
g veneers
-
o o) Softwood LVL with crossband LVL-C-c EN 14374
()
2 S veneers
3 >
@ 3 Hardwood LVL with crossband LVL-C-d
':i) IS 0 veneers
@ = -l
o § > Softwood Glued LVL with crossband | GLVL-C-c
> veneers
Softwood Glued LVL with crossband | GLVL-C-d ETA
veneers
Softwood Plywood PLY-c EN 13986 and
> EN 636
o Hardwood Plywood PLY-d EN 13986 and
EN 636
T o Oriented strand board OSB EN 13986 and
C O
S2% EN 300
o Q
3 é § @ Fibreboard, hard HB EN 622-2
(o}
=282 Fibreboard, medium MB EN 622-3
L b — Resinoid-bonded particle board RPB EN 13986 and
o =2 8 m
o 9 % EN 312
o £
=582
E 5 ~ Gypsum plasterboards GPB EN 520
2 & &
o ®© 5
ae = Gypsum fibreboards GFB EN 15283-2

fischer PowerFull 1l

Materials of the intended use

Annex B2
(informative)
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Specifications of the intended use

Design:

The design of the connections shall be based on the characteristic load-carrying capacities of the
screws given in Annex C and Annex D.

The design capacities shall be derived from the characteristic capacities in accordance with the
EN 1995-1-1 or an appropriate National Code. The screws are intended for the use of connections
subjected to static or quasi-static loadings.

The zinc-coated screws are for the use in timber structures subjected to moisture defined by the service
classes 1 and 2 according to EN 1995-1-1.

o Instructions from fischerwerke GmbH & Co. KG should be considered for installation.
o A minimum of two screws should be used for connections in load bearing timber structures.

o The overall length /s of the screws, shall not be less than 80 mm and shall not be greater than
1500 mm. Dimensions see Annex A.

o The ratio of inner thread diameter to outer thread diameter di/d ranges from 0,53 to 0,75.

o The thread pitch p (distance between two adjacent thread flanks) ranges from 0,41-d to 0,53-d.

o Earthquake design: No breaking is observed at a bending angle of « < (45/d °7 + 20)°.
Installation: The screws shall be driven into softwood and hardwood with a maximum characteristic

density of 730 kg/m? without pre-drilling or after pre-drilling (see Table B2.1 and Table B3.1) with a
diameter not larger than the inner thread diameter for the length of the threaded part.

Table B3.1: Recommended pre-drilling
diameter for soft- and hardwood

Outer thread Bore-hole
diameter diameter
d [mm] [mm]
6,0 4.0
8,0 5,0
10,0 6,0
12,0 7,0
14,0 8,0

fischer PowerFull 1l

Specifications of the indented use — Design

Appendix 12/ 70
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Specifications of the intended use

Installation:

Recommended values without pre-drilling for the maximum penetration length of the threaded part of
»fischer PowerFull ll« made of carbon steel in wood-based members like ash, beech and oak or LVL
according to ETA-14/0354 (e.g. Baubuche) are shown in Table B3.1 below. There is no limitation in
softwood or wood-based members made of softwood.

Table B4.1: Recommended penetration length without pre-drilling in hardwood

Outer thread Maximum penetration
diameter length [mm]
d [mm]
6,0 80
8,0 60
128 Prg-drilled application
14:0 is recommended

When using screws with a countersunk the upper surface of the screw head must be flush with the
surface of the timber part. Especially for timber parts with gross densities higher than 550 kg/m? it is
recommended to use adequate counter-sinker to avoid breaking of the screw heads. For non-predrilled
applications countersinking deeper is not permitted and should be avoided, because of damaging the
surface and reduce the durability of the construction, except screws with cylindrical head geometries
which are also allowed to sink. Countersunk head screws made of carbon steel according to Annex A1
and A3 can be used together with washers according to Annex A5. Washers according to EN ISO 7094
can be used together with washers according to Annex A5.

»fischer PowerFull ll« screws can be driven in with standard screw drillers and with torque impact screw
drivers too (e.g. fischer FSS 18V 400 BL or fischer FSS 18V 600). In combination with steel plates,
torque controlled tools e.g. torque wrenches have to be used. For the use of screws in wood-based
panels, like particle- and fibreboards, the screws have to be tightened carefully to ensure the
characteristic load bearing capacity.

If on the head side metal plates are mounted, it has to be ensured that the diameter of the borehole of
the steel plate has to be < d + 1 [mm]. Effects of the borehole tolerances must be considered in the
structural design (load-independent slippage).

In addition, care must be taken about the accuracy of fit between the screw head and the metal to avoid
stress peaks, and thus also requires a maximum allowed deviation of the screw-in-direction of + 5°
(e. g. screw-in direction &= 90° to the surface means 85° < o < 95°).

fischer PowerFull 1l
Annex B4

Specifications of the indented use — Installation
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Specifications of the intended use

Minimum timber cross section, end- and edge distances

For structural timber members, minimum spacings and distances for screws d <8 mm in predrilled
holes are given as for nails in predrilled holes in EN 1995-1-1 clause 8.3.1.2 and table 8.2 and for
screws d >8 mm in clause 8.5. Here, the outer thread diameter d must be considered. The requirements
of the minimum thickness of the timber elements must be considered, see EN 1995 clause 8.3.1.2.

Spacing a2 may be reduced from 5-d to 2,5-d, if the condition ai-a; = 25-d 2 is fulfilled. For Douglas-fir
members minimum spacings and distances parallel to the grain shall be increased by at least 50 %.

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.

Table B5.1: Shapes of screw heads and applications with steel plates
Head shapes Description
Screws with countersunk and cylindrical head according to

gg %E % Annex A1 to A4

Screws to fix steel plates on the head side according to Annex
PLATE A1 and A3

STEEL

ANRNAN

Figures not to scale
Table B5.2: Minimum distances and spacings
Notations for Structural Timber (ST-c) and Glued Laminated Timber (GLT-c) made in softwoods
Notations

Spacing a1 parallel to the grain of
& Solid Timber

Spacing a. perpendicular to the
a- grain of Solid Timber

Distance as¢ from the centre of
the screw-part in timber to the
asc unloaded end grain of Solid N E
Timber, 90°< o < 270°

Distance as: from the centre of

the screw-part in timber to the \ _____

ast loaded edge of Solid Timber “}/
-90°< o< 90° £

Distance asc from the centre of
the screw-part in timber to the
aac unloaded edge of Solid Timber
180°< < 360°

Distance a4: from the centre of
the screw-part in timber to the
aat loaded end grain of Solid Timber
0°< < 180°

Figures not to scale

fischer PowerFull 1l
Annex B5

Specifications of the indented use — Minimum timber cross sections, (informative)

end- and edge distances — Notations for ST and GLT
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Specifications of the intended use

Minimum timber cross section, end- and edge distances
Solid Timber (ST-c, FST, and GST) and Glued Laminated Timber (GLT-c, BGLT)

Laterally loaded Screws

Minimum distances and spacings for laterally loaded »fischer PowerFull ll« screws in non-predrilled
holes in members of Solid Timber (ST-c, FST, GST), Glued Laminated Timber (GLT-c, BGLT) or similar
glued products with a minimum thickness t = 12-d and a minimum width of of 8-d or 60 mm, whichever
is greater, are recommended to choose with the help of Table B6.1.

Table B6.1: Laterally loaded screws: Minimum end- and edge distances for Solid Timber and Glued
Laminated Timber products with a maximum gross density of 480 kg/m? for non-predrilled applications

Solid Timber and Timber
Head shapes (ST-c, FST, GST, GLT-c, BGLT)

and applications — - £
(see Table B5.1) Minimum spacings and distances
an a asc ast Aac aat

g % gﬁ 5-(1+|cosal)d | 5d | 7-d |(7+5cosa)d| 5d (5+2-sina)-d

STEELgPU\TE 3,5-(1+|cosal)-d |3,5:d| 7-d |(5+5cosa)d| 5d | (5+2sina)d

Figures not to scale

Axially loaded screws without drilling tips (according to Annex A1, A2)

Minimum distances and spacings for exclusively axially loaded »fischer PowerFull 11« screws with other
types than drilling tips (see Annex A1 and A2), in non-predrilled holes in members of Solid Timber
(ST-c, FST and GST), Glued Laminated Timber (GLT-c) or similar glued products with a minimum
thickness t = 10-d and a minimum width of 8-d or 60 mm, whichever is the greater, may be taken as
given in Table B6.2.

Table B6.2: Axially loaded screws: Minimum end- and edge distances for Solid Timber and
Glued Laminated Timber products, all other tip types without drilling tip with a maximum gross density
of 480 kg/m? for non-predrilled applications.

Solid Timber and Glued Laminated Timber

Head shapes (ST-c, FST, GST, GLT-c, BGLT)
af}geggﬂll:gg%ns Minimum spacings and distances
a az aice A4

g

F g

&

—
STEEL 2 PLATE
8

Figures not to scale

fischer PowerFull 1l
Annex B6

Specifications of the indented use — Minimum distances and spacings
laterally loaded screws
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Specifications of the intended use

Minimum timber cross section, end- and edge distances
Solid Timber (ST-c, FST, and GST) and Glued Laminated Timber (GLT-c, BGLT)

Axially loaded screws with drilling tips (Annex A3, A4)

Minimum distances and spacing for exclusively axially loaded »fischer PowerFull ll« screws with a self-
tapping drilling tip (see Annex A3, A4) in non-predrilled holes in members with a minimum thickness
t=10-d and a minimum width of 8-d or 60 mm, whichever is the greater, may be taken as given in
Table B7.1.

Table B7.1: Axially loaded screws: Minimum end- and edge distances for Solid Timber and

Glued Laminated Timber products for screws with drilling tips with a maximum gross density of
480 kg/m? for non-predrilled applications are shown in Annex A3, A4.

Solid Timber and Glued Laminated Timber

Hdead SI,haFt’_eS (ST-c, FST, GST, GLT-c, BGLT)

and applications Py : ;

(ses Table B5.1) Minimum spacings and distances
ai a asec a4.c
5-d 5-d 5-d 3-d

STEE

FAEEEY

Figures not to scale

Note: For a crossed screw couple, the minimum spacing between the crossing screws should be at
least 1,5-d.

fischer PowerFull 1l
Annex B7

Specifications of the indented use — Minimum distances and spacings (informative)

axially loaded screws
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Specifications of the intended use

Minimum timber cross section, end- and edge distances
Cross Laminated Timber (CLT)

Table B8.1: Minimum distances and spacings, notations for Cross Laminated Timber
Notations for applications in the plane surface (see Figure D6.1)

Spacing a4 parallel to the

an plane direction of the CLT-

panel

Spacing a» perpendicular to
a plane direction of the CLT-
panel

Distance a3 from centre of
the screw-part in timber to the

8¢ | unloaded edge in plane
direction of the CLT-panel
Ast
Distance as; from centre of the
as screw-part in timber to the
t

loaded edge in plane direction
of the CLT-panel

Distance a4 from centre of
the screw-part in timber to the
asc unloaded edge perpendicular
to the plane direction of the
CLT-panel

Distance a4 from centre of the
screw-part in timber to the

ast loaded edge perpendicular to
the plane direction of the CLT-
panel
Notations for applications in the edge surface (see Figure D6.1)
as a, a:  as A, a, a, as,

Ayc
a, a,

Ayt Ay

Figures not to scale

fischer PowerFull 1l
Annex B8

Specifications of the indented use — Minimum timber cross sections, end- and edge (informative)

distances — notations for CLT
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Specifications of the intended use

Minimum distances and spacings
Material: Cross Laminated Timber (CLT)

Laterally and axially loaded screws:

Unless specified otherwise in the technical specification (ETA or hEN) of Cross Laminated Timber,
minimum distances and spacings for screws in the plane surface of Cross Laminated Timber members
with a minimum thickness f = 10-d may be taken as shown in Table B9.1 and Table B9.2.

Table B9.1: Minimum end- and edge distances for Cross Laminated Timber in the plane surface
Cross Laminated Timber, Screws in the plane surface

plane surface

Head shapes Minimum spacings and distances
e ar a2 ase | am as »
4-d 2,5-d 6-d 6-d 2,5-d 6-d

STEELEPLATE 3-d 2,0-d 6-d 5-d 2,5:d 6-d

Figures not to scale

Unless specified otherwise in the technical specification (ETA or hEN) of Cross Laminated Timber,
minimum distances and spacing for screws in the edge surface of Cross Laminated Timber members
with a minimum thickness t = 10-d and a minimum penetration depth perpendicular to the edge surface
of 10-d may be considered.

Table B9.2: Minimum end- and edge distances for Cross Laminated Timber in the edge surface
Cross Laminated Timber, Screws in the edge surface

edge surface

Head shapes Minimum spacings and distances

and applications
(see Table B5.1)

g g g 10-d 3-d 7-d 12-d 5-d 5-d
STEEL%PLATE 7-d 3-d 7-d 12-d 5-d 5-d

Figures not to scale

a1 a asc ast a4 aat

fischer PowerFull 1l
Annex B9

Specifications of the indented use — (informative)

Minimum distances for axially and laterally loaded screws
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Performance of the product and references to the methods used for its assessment

Performance of the PowerFull Il screws itself (single product)

Table C1.1: Characteristic values of the load-carrying capacities of the screws

Outer thread

. d | [mm] 6,0 8,0 10,0 12,0 14,0
diameter
Characteristic strength parameters
Tensile strength fiensk | [KN] 12,80 26,40 37,80 36,00 55,00
Torsional strength fiork | [Nm] 10 28 39 58 102
Yield moment ¥ |  Myrk | [Nmm] 12450 30200 48000 42000 68000
Yield strength " fyx | [N/mm?] 1050 900
Characteristic Stiffness Parameters
Modulus of Elasticity | Es | [N/mm?] | 210.000

Assessed Performances

Bending angle "

[°]
o £ 45°/d 07+20°

No breaking has been observed at a bending angle of

-]

Safety factor insertion moment ")

1,5

Ratio of the characteristic torsional strength to the mean
insertion moment: fiork / Rtor,mean =
Note: Reference density of the timber 480 kg/m?

) Assessments of the product are done in accordance to the EAD 130118-01-0603

Note: The tear-off capacity of the screw head is greater than the tensile capacity of the screw

fischer PowerFull 1l

Characteristic values of the screws

Annex C1
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Design of PowerFull Il screws for the structural use in timber constructions
1 Mechanical Resistance and Stability

The load-carrying capacities for the »fischer PowerFull I« screws are applicable to the wood-based
materials mentioned in Annex B1, B2, even though the term »timber« has been used in the following.
European Technical Assessments for structural members or wood-based panels must be considered if
applicable.

The characteristic lateral load-carrying capacities and the characteristic axial withdrawal capacities of
»fischer PowerFull ll« screws should be used for designs in accordance with EN 1995-1-1
(EN 1995-1-1) or an appropriate valid national code.

ETA’s for structural members or wood-based panels must be considered where applicable.

For screws arranged under an angle between screw axis and grain-direction ¢ < 15° (see Figure D2.1),
the threaded penetration length (inclusive the tip of the screw) has to fulfill equation (1).

4.d
I, =min< sin g (1)
20-d

For screws arranged under an angle between screw and grain-direction 15° < & < 90° the minimum
threaded penetration length must be e = 4-d. For the fixing of rafters or similar building parts, the point
side penetration length must be at least 40 mm (i.e. ler 2 40 mm).

Reductions in the cross-sectional area caused by »fischer PowerFull ll« screws shall be considered in
accordance to the EN 1995-1-1, section 5.2.

fischer PowerFull 1l

Annex D1
Mechanical Resistance and Stability
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Design of PowerFull Il screws for the structural use in timber constructions

1.1 Lateral load-carrying capacity Fyr«

The characteristic lateral load-carrying capacity of »fischer PowerFull ll« screws shall be calculated
according to EN 1995-1-1. The contribution of the rope effect may be considered, if only lateral loads
(no axial loads) are acting on the screws. For the calculation of the load-carrying capacity, the following
parameters should be taken into account. Figure D2.1 shows the definition of the necessary angles
which consider the angle between load and grain-direction «, the angle between the surface of the
structural element and the screw axis £ and the angle between the screw axis and the
grain-direction ¢.

(1) Wide face a Angle between grain-direction and acting load [°]
(2) Edge face B Angle between screw axis and surface [°]
(3) End grain & Angle between screw axis and grain-direction [°]

Figure D2.1: Notations for angles in SWB, LVL, SB and WFB (figures not to scale)

1.1.1 Embedment strength f, .« for the use in Structural Timber (ST-c, FST and GST, BGLT)
and Parallel Laminated Timber (GLT-c)

The embedment strength for »fischer PowerFull ll« screws in predrilled holes arranged at an angle

between screw axis and grain-direction, 0° < £< 90° can be calculated with the help of equation (2) and

non-predrilled applications with the help of equation

y _0,019',0,{1’24'014)’3 ,

hek 2,5-c0325+sin25 )
0,082 p, -(1-0,01-d)

Srck = . (3)

2,5-co8” £+sin’ &

Note: Screws parallel to the end-grain-direction stressed perpendicular to the screw axis are only
allowed for short-time loads.

In comparison to the ETA-12/0073, ETA-19/0175 and EN 1995-1-1 equation (2) to assess the
embedment strength was modified in a way that instead of the angle « the angle ¢ should be used (see
Figure D2.1). It is also possible to use the given equations and the mentioned documents.

fischer PowerFull 1l

Annex D2
Lateral load-carrying capacity
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Design of PowerFull Il screws for the structural use in timber constructions

1.1.2 Embedment strength f,x for the use in Cross Laminated Timber (CLT)

If there are no other technical specification (ETA) for Cross Laminated Timber (CLT), the embedment
strength for screws can be calculated as stated below. The following specifications are only applicable
for screws with a diameter d of at least 6 mm, possible influences of gaps between the single lamellas
have to be considered.

(1) Element plane

(2) Plane surface

(3) Edge surface (Narrow side)
(4) Inner layer (Inner lamellas)
(5) Outer layer (Outer lamellas)
(6) Middle layer (Middle lamella)

Figure D3.1: Notations CLT-elements (figure not to scale)

Screws in the plane surface
The embedment strength for screws in the plane surface of CLT-elements should be assumed as for
Solid Timber according to equation (2), based on the characteristic density of the outer layer.

Screws in the edge (narrow) side
The embedment strength for screws in the narrow side of CLT-elements should be assumed according
to equation (4).

fre =207 (4)

1.1.3 Embedment strength f;, g« for the use in Laminated Veneer Lumber in softwood (LVL-c)
The embedment strength for »fischer PowerFull I« screws arranged at an angle between screw axis
and grain-direction ¢ and an angle between screw axis of wide surface of the LVL gfor d <12 mm can
be calculated with equation (5) for non-predrilled holes

0,082 p -d ™’
(sin® B+k, -cos” B)-(sin® £+2,5-cos” €)

fh,ﬁ,g,k = (5)

and for predrilled holes
0,082- p, -(1-0,01-d)

(sin® B+k, -cos” B)-(sin* £ +2,5-cos” £)

fh,ﬁ,g,k = (6)

with

1 for LVL-P

k, = min{d/(d—z) 7)

for LVL-C

fischer PowerFull 1l

Annex D3
Lateral load-carrying capacity
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Design of PowerFull Il screws for the structural use in timber constructions

The embedment strength for »fischer PowerFull ll« for d > 12 mm can be calculated with equation (8)
for predrilled holes

0,082 p, - (1-0,01-d)
(kg -sin® @ +cos” @)- (sin’ 3 +k, -cos” f3)-(sin® £ +2,5-cos” &)

f;l,a,ﬂ,g,k = (8)

with
ky, =1,15+0,015-d

_ [dld-2)
@_mmiJs

Note: For o > 45° the angle « should be assumed to be 45°.

1.1.4 Embedment strength fy, .z« for use in Laminated Veneer Lumber in hardwood LVL-d
according to (ETA-14/0354)

The embedment strength for »fischer PowerFull ll« screws arranged at an angle between load and

grain-direction, 0° £ « < 90° can be calculated with the help of equation (10). Screws with d > 8 mm

should be predrilled.

gt = o (10)
Tk (kg -sin® ar +cos” ax) - (sin® B+, -cos” B)
with
kyy =0,5+0,024-d
L2 for LVL-P in hardwood
11)
k=1 (d/(d-2 _ (
: min{ @-2) for LVL-C in hardwood
Where
d Outer diameter of the screw [mm]
foak Characteristic embedment strength for screws d > 12 mm in LVL-c [N/mm?]
fop.ek Characteristic embedment strength for screws d < 12 mm in LVL-c [N/mm?]
foex Characteristic embedment strength for screws d <12 mm in ST-c, FST, GLT, BGLT
[N/mm?]
Thk Characteristic value of the embedment strength according to Table D5.1 [N/mm?]
koo Factor to consider influences of the diameter [-]

ki ko2 ks  Factors to consider influences of the diameter and material [-]
Angle between grain-direction and acting load [°]

Angle between screw axis and surface [°]

Angle between screw axis and grain-direction [°]

Characteristic gross density of the wood-based element [kg/m?]

D ™R

fischer PowerFull 1l

Annex D4

Lateral load-carrying capacity
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Design of PowerFull Il screws for the structural use in timber constructions

1.1.5 Embedment strength f.x for the use in Oriented Strand Boards (OSB),

Plywood (PLY), Fibreboards (HB, MB, SB), Particleboards (RPB)

The embedment strength for »fischer PowerFull ll« screws in non-predrilled holes if no other
regulations are given, arranged at an angle £ = 90° to the plane surface can be calculated with the help

of Table D5.1.

Figure D5.1: Screw arrangement in the plane surface of WBP (figure not to scale)

Table D5.1: Characteristic values of the embedment strength in the plane surface of OSB, HB, MB, SB

and RPB

Outer thread

diameter [mm] d 6,0 8,0

10,0

12,0

14,0

Material Embedment parameters in the plane surface [N/mm?]

OSB
t > 8 mm (EN 300)

fak=

48407t %

EGGER OSB 4 TOP
predrilled fak=
t>10 mm, (EN 13986)

50-0°%t °?

EGGER OSB 4 TOP
without pre-drilling fo k=
t >10 mm, (EN 13986)

65-d°7-t %

Plywood PLY

t>8mm (EN314-2) | ™

65-d°7-t %

Fibreboards
hard (HB) fok=
t>8 mm (EN 622-2)

30-¢9% 9

Fibreboards
medium (MB) fox=
t>8 mm (EN 622-3)

28-¢9%: 96

Fibreboard

soft (SB)

150 < ox < 300 kg/m?®
18 mm <t <60 mm

fax=

4-10*tp 2

Fibreboard

soft (SB) frk= 15:-10°5-d97% p?

o« < 150 kg/m?

Particleboards
(RPB) fak=
t>8 mm (EN 312)

50-0°:t °?

fischer PowerFull 1l

Lateral load-carrying capacity
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Design of PowerFull Il screws for the structural use in timber constructions

1.1.6 Embedment strength fi,x for the use in combination with predrilled steel plates
The characteristic embedment strength of »fischer PowerFull I« screws in steel plates can be taken
like following into account.

Jnx =k, 600 [N/mm?] (12)
with
ky=0,5 for the ratio d / t < 0,5 for outer steel plates

kp=1,0 for the ratio d / t > 1,0 for outer steel plates
Intermediate values should be linearly interpolated

Note: The 600 N/mm? should be used for steel and may be different for other materials. The metal plate
should be verified in accordance to the corresponding Eurocode (e. g. EN 1993-1-1, EN 1993-1-8).

1.1.7 Effective number of screws per row nes
For laterally loaded screws, the rules for multiple fastener connections in EN 1995-1-1, section 8.3.1.1
respectively 8.5.1.1, should be applied.

fischer PowerFull 1l

Annex D6
Lateral load-carrying capacity — effective number of screws
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Design of PowerFull Il screws for the structural use in timber constructions

1.2 Axial resistance of the screw under tension FaxRrd

The design axial tensile resistance Faxtrd for a group of axially loaded screws is limited by the head
pull-through parameter, the withdrawal capacity and the tensile capacity of the screw itself and should
be considered as following.

n,-F
. of ax,t,Rd,1
Fax {Rd = min . (1 3)
{” oy R
with
k., . |Headside: max{Fhdek;Faka}
Foppag=—"—-miny , o (14)
Y Tipside: F,, , o
and
fens k
Foomio =" (15)
Vo
Where
Kmmod Modification factor see also EN 1995-1-1 [-]
n Number of screws in a connection [-]
Net Effective number of screws in a connection [-]
M Partial factor for the screw, see EN 1995-1-1; Note: Recommended value y=1,30

Fread,rk  Characteristic head pull-through resistance in according to see Annex D15 [N]
Faxork  Characteristic withdrawal resistance according Annex D10, D11, D12, D13 [N]
Faxtre  Design withdrawal resistance [N]

Faxtra1  Design withdrawal resistance on the timber side [N]

Faxtra2 Design tension strength of the screw itself [N]

frens k Characteristic tensile strength of the »fischer PowerFull ll« screws,
see Table C1.1 [N], Note: Values in Table C1.1 are given in [kN]
M2 Partial factor for resistance of cross-sections of a metal fastener in tension to fracture,

see EN 1993-1-8; Note: Recommended value m2=1,25

1.2.1 Withdrawal capacity Fax.rk for use in Structural Timber (ST-c, FST and GST) and

Parallel Laminated Timber (GLT-c)
In Structural Timber (ST-c) and Glued Laminated Timber of softwood (GLT-c), the characteristic
withdrawal capacities of »fischer PowerFull ll« screws, with an angle of 0° < a < 90° for self-tapping
screws with tip types other than drilling tip (see Annex A1, A2) or 30° < a < 90° for self-tapping screws
with drilling tip (see Annex A3, A4), shall be calculated according to equation (16) or (17).

0,8
Px
Foow=k f  -dl, |2 16
ax,o, Rk ax fax,k ef (35()) ( )
0 0,8
F =k - -d-l - Lk 17
ax,a,Rk ax fax,k g (35()) ( )

with

- [0,3+(0,7- )/ 45°
o =i (18)

1,00

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

For screws arranged under an angle between screw axis and grain-direction « < 15° (see Figure D2.1),
the threaded penetration length (inclusive the tip of the screw) has to fulfil equation (19).

4-d
l, =mingsing (19)
20-d
For screws arranged under an angle between screw and grain-direction 15° < o < 90° the minimum

threaded penetration length must be /s = 4-d. For the fixing of rafters or similar building parts, the point
side penetration length must be at least 40 mm (i.e. ler = 40 mm).

1.2.2 Withdrawal capacity Fax«rk for use in Structural Timber (ST-d, GLT-d)

Laminated Veneer Lumber (LVL-d) according to ETA-14/0354
The characteristic withdrawal capacity in Structural Timber (ST-d) and Laminated Veneer Lumber in
hardwood (LVL-d) according to ETA-14/0354 of »fischer PowerFull ll« screws with an angle of
0° £ = 90° shall be calculated according to equation (20) or (21).

0,8
P
Faxa :kax. ax 'd'le" A 20
e o1y 2] (20
0 0,8
F, . m=k,- od-l | L 21
ax,a,Rk ax fax,k g (730J ( )
with
. 10,3+(0,7-x)/ 45° -
=min
ax 1,00 (22)
The penetration length in hardwood has to be at least /s > 4-d.
Where
d Outer thread diameter of the screw [mm]
Faxx Characteristic withdrawal strength parameter, see Table D9.1 and D9.2 [N/mm?]
Kax Factor to consider the influence between the angle of the screw axis and the grain-
direction [-]
les Penetration length of the threaded part of the screw, including the screw head and/or
screw tip [mm]
lg /g= lef'lt [mm]
Penetration length of the threaded part of the screw with d = const.
Values for 4 see Annexes A;
4 ...length of the screw tip [mm]
Net Effective number of screws, see Annex D11 [-]
Faxarc  Characteristic withdrawal capacity of the screw with an angle «
to the grain-direction [N]
a Angle between grain-direction and the screw axis [°]
x Characteristic gross density of the timber/wood-based member [kg/m?]
fischer PowerFull 1l
Annex D8

Axial resistance of the screw under tension
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Design of PowerFull Il screws for the structural use in timber constructions

Table D9.1: Characteristic values of the withdrawal strength parameter in Structural Timber in softwood
and Laminated Veneer Lumber according to ETA-14/0354, referred to 4¢

Outer thread diameter d, with/without drilling tip [mm]
Values referred to the effictive length 4,

see equations (16) and (21)

6,0

8,0

10,0

12,0

14,0

Product Abbreviation Parameter Withdrawal capacity [N/mm?]
Structural Timber | ST-¢, ST-d, GL-d,
Parallel Laminated Timber | FST, GST, Fax .k 12,6 | 11,8 11,2 10,0 9,5
GLT-¢c BGLT
Cross Laminated Timber | ~, 1 Fack 126 | 11,8 | 112 | 100 | 95
in the plane surface

LVL fax,90]90,k 33,5 | 25,9 23,6 - -

. LVL-d fax,90]00,k 31,0 | 30,0 243 - -

according to ETA-14/0354 Fox 00100 220 | 217 205 . .

Note: In equations (20) and (21) for the paramter fax depending on the screw-in direction the values
fax,9090, fax,90j00 OF fax,00100 Should be used.

Table D9.2: Characteristic values of the withdrawal strength parameter in Structural Timber in softwood
and Laminated Veneer Lumber according to ETA-14/0354, referred to 4

Outer thread diameter d, with/without drilling tip [mm)]
Values referred to the length with constant diameter 4,

see equation (17) and (21)

6,0

8,0

10,0

12,0

14,0

Product Abbreviation Parameter Withdrawal capacity [N/mm?]
Structural Timber | ST-c, FST, GST,
Parallel Laminated Timber | GLT-¢c BGLT fax 20,0 | 16,0 13,6 - -
Crosg Laminated Timber CLT Fac 200 16,0 13.6 ) )
in the plane surface
LVL fax,90]90 k 48,0 | 38,8 30,5 - -
. LVL-d fax,90]00,k 446 | 36,0 31,6 - -
according to ETA-14/0354 Fax 00100 316 | 319 30.6 . .

Note: In equations (20) and (21) for the paramter fixx depending on the screw-in direction the values
fax,9090, fax,90j00 OF fax,00100 Should be used. ,

Figure D9.1: fischer PowerFull Il in LVL-d (figure not to scale)

fischer PowerFull Il - Performance

Axial resistance of the screw under tension
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Appendix 28 / 70




Design of PowerFull Il screws for the structural use in timber constructions

1.2.3 Withdrawal capacity Faxr« for use in Cross Laminated Timber (CLT)
If there are no other technical specification (ETA or hEN) for Cross Laminated Timber (CLT), the
withdrawal capacity for screws can be calculated as following.

Screws in the plane surface

The withdrawal capacity for screws with d = 6 mm in the plane surface of CLT-c elements should be
assumed as for Structural Timber according to equation (16) based on a characteristic density in
accordance to equation (23), if there are no other specifications given. If necessary, gaps between the
single lamellas have to be considered.

pr=L1-p (23)

Where
ik Characteristic density for the calculation in equation (16) [kg/m?]
Payk Lowest characteristic density of the lamellas in a layer of the CLT-c element [kg/m?]

Screws in the narrow side
The withdrawal capacity for screws in the narrow side of CLT-elements should be assumed according
to equation (24).

Fone=20-d°%-1,% (24)

If possible the screws in the narrow side should be driven perpendicular into the grain-direction of the
lamella. To avoid unwanted effects by screwing in only parallel to the grain direction and gaps between
lamellas in the narrow side of CLT panels the considered penetration length /s in equation (24) should
be decreased by 3-d (for calculation only).

If it is guaranteed that the angle between the grain-direction of the lamellas and the screw axis is = 30°
the characteristic withdrawal capacity from equation (24) can be increased of about 25 %.

For screws penetrating more than one layer of Cross Laminated Timber, the different layers may be
considered proportionally.

fischer PowerFull 1l

Annex D10
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Design of PowerFull Il screws for the structural use in timber constructions

1.2.4 Effective number of screws ner
For axially loaded screws in tension, where the external force is parallel to the screw axis, the following

rules should be applied.

n®? in general without torque controlled insertion drivers

0,9-n for screws 30° <& <90° and torque controlled insertion drivers

0,9-n for a group with more than 10 screws in a timber-to-timber connection
(e.g. ST, PL, CL

n for a group up to 10 screws in a timber-to-timber connection
(e.g. PL, CL

(29)

nef =max

Where
n Number of screws acting together in a joint [-]
a Angle between screw axis and grain-direction [°]

Note: For screws used as reinforcement perpendicular to the grain direction (compression and tension),
shear reinforcement under an angle to the grain direction (e.g. reinforcement of holes in beams)
or inclined screws as fasteners in mechanically jointed beams or columns nes = n.

fischer PowerFull 1l
Annex D11

Effective number of screws
for axial resistances of the screws under tension
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Design of PowerFull Il screws for the structural use in timber constructions

1.3 Head pull-through capacity Fhead,rx
1.3.1 Head pull-through capacity fieaqax for use in Solid Timber (ST-c, FST, GST, BGLT)
Glued Laminated Timber (GLT-c), Cross Laminated Timber (CLT) and Wood-based panels
(WFB, WPB)
The characteristic head pull-through capacity of »fischer PowerFull ll« screws in Solid Timber can be
calculate as following.

0,8
2 (P
F;tead,Rk = neff ’ fhead,k ' dh ’ (gkoj (26)

Where

ah Diameter of the screw head [mm]

ne  Effective number of screw heads according to Annex D7 and D12

x Characteristic density of the timber element [kg/m?]

freadk Characteristic head pull-through parameter for »fischer PowerFull ll« given below [N/mm?]

For »fischer PowerFull ll« screws with countersunk heads (Annex A1 and A3) the characteristic head
pull-through parameter in connections with timber and wood-based panels with thicknesses of more
than 20 mm can be considered with freagx = 12,0 N/mm?Z.

For »fischer PowerFull ll« screws with cylindrical heads (Annex A2 and A4) the characteristic head pull-
through parameter shall be disregarded (i.e. freadx = 0 N/mm?).

The characteristic head pull-through parameter for screws with countersunk head shapes in
connections with wood-based panels with thicknesses between 12 mm and 20 mm can be considered
with fhead,k =8 N/mm?.

Screws with countersunk heads (Annex A1 and A3) in connections with wood-based panels with a
thickness below 12 mm (minimum thickness of the wood-based panels of 71,2-d with d as outer thread
diameter) can be considered with fhead.k = 8 N/mm?, limited to Faxrk = 400 N.

For screws with a countersunk head and a dimeter d of 14 mm the head pull-through capacity given in
equation (26) must be reduced by 15 %.

In steel-to-timber connections the head pull-through capacity may be disregarded.
Note: An accurate fit is important to avoid any kind of notch stresses see also Annex B4

Note: The tear-off capacity of the screw head is greater than the tensile capacity of the screw

fischer PowerFull 1l

Annex D12
Head pull-through capacity
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1.4 Compression capacity in Solid Timber (ST, FST, GST) and

Glued Laminated Timber (GLT-c, BGLT) and Laminated Veneer Lumber (LVL-c)

Design of PowerFull Il screws for the structural use in timber constructions

The design compressive capacity Faxrd Of »fischer PowerFull ll« screws with full thread along the length
embedded in timber shall be calculated as following.

Where

Fax.o.Rd
Fo rd

With

and

F o Fax,a,Rd
ax,a,Rd — min F
b,Rd

see Annex D7 to D10 [N]
see Annex D13 to D14 [N]

Fyra =118k, 'Npl,Rd

K. =1 for 130,2
K —; for Z>O,2

C k-7

k:o,s-[1+0,49-(71—0,2)+ﬂ

The relative slenderness ratio shall be calculated with

Npl,k
Nb,k

E:

(27)

(28)

(29)

(30)

(31)

With the characteristic value for the axial capacity in case of plastic analysis referred to the outer thread
diameter d (=outer thread diameter of the screws).

_0,7-d) -7

N 4 Sy (32)
With
d Outer thread diameter of the screws [mm]
fyx  Yield strength, see Annex C1, Table C1.1 [N/mm?]
fischer PowerFull Il
Annex D13

Compression capacity of the screws
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And the characteristic ideal elastic buckling load for screws in timber members
Ny =6 E; - I
With the

Elastic foundation of the screw

¢, =(0,19+0,084-d)- p, (90”‘”)

180°
Modulus of elasticity

E, =210.000 N/mn?’
and the second moment of area

; _7(0,7-d)*
’ 64

(33)

(34)

(35)

(36)

Note: The compressive capacity must be modified for Fax.ra With the factors kmoa and mu for timber
connection according to EN 1995-1-1 while Npra the partial-factor w1 for steel buckling according to

EN 1993-1-1 and/or national standards respectively have to be considered.
For ma, m1 the values w =1,3 and m.1 =1,0 are recommended.

For screws loaded in compression which are not embedded in timber, values from Table D14.1 can be
used for the critical buckling load. The buckling length for screws arranged between two timber
members should be increased 10 mm each side, so in total 20 mm to consider effects of elastic
restraints. If the head of the screws are supported by thick steel sheets and rotation of the head can be

avoided the buckling length can decreased according to Euler’s Theorem.

Table D14.1: Buckling capacities of screws with free span length in [kN]

Buckling length Nomlna[lr:rlr?]meter d
[ 6,0 8,0 10,0 12,0
<120 2,32 4,28 6,76 18.80
140 175 3,27 521 14,90
160 1,38 2.57 412 12,00
180 1,10 2,08 3,33 9,85
200 0,91 1,71 2,75 8,20
220 0,76 1,43 2,31 6,93
240 0,64 1,21 1,96 5,92
260 0,55 1,04 1,69 512
280 0,48 0,91 1.47 4.48
300 0,42 0,79 1,29 3,94
320 0,37 0,70 1,14 3,49
340 0,33 0,62 1,01 3,12
360 0,29 0,56 0,91 2,80
380 0,26 0,50 0,82 2.52
400 0,24 0,46 0,74 2,29
420 0,22 0,42 0,68 2.09

fischer PowerFull 1l

Compression capacity of the screws
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1.5 Combined laterally and axially loaded screws
For connections subjected to a combination of axial and lateral loads, the following equation has to be

considered.
F oY (F,.Y
ax,Ed " v,Ed <1 (37)
Fax,Rd E),Rd
Where
Faxd Axial design action [N]
Fed Lateral design action [N]
FaxRrd Design load-carrying capacity of axially loaded screws [N]
Fv,Rd

Design load-carrying capacity of laterally loaded screws [N]

fischer PowerFull 1l

Annex D15
Combined loads
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1.6 Slip modulus in the Serviceability Limit State

1.6.1 Laterally loaded screws

For laterally loaded »fischer PowerFull Il« screws, the slip modulus, predrilled or non-predrilled, for the
serviceability limit state (SLS) should be calculated according to EN 1995-1-1 independent of the load
grain-direction angle a with equation (38).

Kv ser = kst ’ ksp ’ Cv,ser (38)
With
. 1 for timber-timber connections
. 12 for steel-timber connections
Ksp Number of shear planes

Cuser Slip modulus in the Serviceability limit state (SLS) each shear plane, Table D17.1 [N/mm]

F/2 ] []
-— <

F
< / e
F/2

—

ksp

Figure D16.1: Definition of the shear plane ks (figure not to scale)

1.6.2 Axially loaded screws
For axially loaded screws the slip modulus for the serviceability limit state (SLS) can be calculated
according to equation (39).

Kax,ser = Cax,ser (39)
With
d Outer thread diameter [mm]
let Penetration length of the threaded part , including the tip in [mm]

Caxser  Slip modulus in the serviceability limit state (SLS), Table D17.1 [N/mm]

fischer PowerFull 1l

Annex D16
Slip modulus in SLS
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1.6.3 Slip modulus in the ultimate limit state
To consider the slip modulus K, in the ultimate limit state (ULS) Kser has to be reduced for both directions
(laterally and axially) according to EN 1995-1-1 with
Ku = 2/3 ' Kser (40)

Table D17.1: Mean values of the Slip-modules in Serviceability Limit State (SLS) in the plane surface
of timber elements and wood-based panels

Outer thread diameter 6.0 8.0 10.0 12.0 14.0
d [mm] ’ ’ ’ ’ ’
Material Lateral Slip-Modulus Cy ser [N/mm]
Solid Timber
Glued Laminated Timber 7 -d
Softwood and Hardwood 23
(EN 338, EN 15497, EN 14080)
0SB
t>8 mm (EN 300) 6,8 pmd 0
Fibreboards
hardboards (HDF) 9 pm-d09
t>8 mm (EN 622-2)
Particleboards
t> 8 mm (EN 312) 3 pm a0’
LVL 15 g
Soft- and Hardwood Pn_"4
(EN 14374) 20
Material Axial Slip-Modulus Caxser [N/mm]
Softwood
o 2 350 kg/m?® 32:d"let
independent of the angle
Hardwood
=510 kg/m? 38-d-fes
independent of the angle
0SB
t > 24 mm (EN 300) 10-dler
Fibreboards 15-d-1
t>24 mm (EN 622-2, EN 622-3) of
Particleboards
t > 24 mm (EN 312) 10-dles
LVL (EN 14374)
Soft- and Hardwood
x = 480 kg/m? 280 ler
a = 90|90, see Figure D9.1

fischer PowerFull 1l
Annex D17

Slip modulus in SLS
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Mechanically jointed beams

»fischer PowerFull ll« screws with a full thread may be used for connections in structural members
which are composed of several parts in mechanically jointed beams or columns. The axial slip modulus
Kser for the serviceability limit state per side should be taken independent of the angle « to the grain-
direction with equation (41).

K., =780-d" 1" (41)

Where
d Outer thread diameter of the screw [mm]
lef Penetration length in the structural member [mm], see Annex B

The calculation of the load-carrying capacity of the single screw in direction of the shear forces can be
assumed with the help of Annex D.

Figure E1.1: Mechanically jointed beams with inclined screws (figures not to scale)

Where
S Centroid of the part of the screw in the timber

For a crossed screw couple, the minimum spacing between the crossing screws is 1,5 - d.
Minimum distances and spacings, see also Annex B5 till B9.

0° < £< 90° for all tip types except screws with drilling tips, see also Annexes A1, A2.

0° < £< 90° for all tip types with drilling tips, see also Annex A3, A4.

fischer PowerFull 1l
Annex E1

(informative)
Mechanically jointed beam
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Mechanically jointed beams

Figure E2.1: Mechanically jointed beam with crossing screws (figures not to scale)

Where

S Centroid of the part of the screw in the timber

For a crossed screw couple, the minimum spacing between the crossing screws is 1,5 - d.
Minimum distances and spacings, see also Annex B5 to B9.

0° < £< 90° for all tip types except screws with drilling tips, see also Annex A1, A2.
0° < £<90° for all tip types with drilling tips, see also Annex A3, A4.

Note: For crosswise screw arrangements the effects of friction should be neglected in mechanically
jJointed beams, because screws inclined against the shear direction (compression forces in the screws)
lead to lift up effects.

fischer PowerFull 1l
Annex E2

(informative)
Mechanically jointed beam
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Reinforcements of members with compression stresses perpendicular to the grain

- Geometry factors for end and intermediate supports

Figure F1.1: Reinforcements with screws perpendicular to the grain-direction (figures not fo scale)

fischer PowerFull 1l
Annex F1

(informative)
Reinforcement perpendicular to the grain-direction
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Reinforcements to transfer compression stresses perpendicular to
the grain through the members

- Geometry factors and definitions

Where
(1)
(2)
(3)
(4)
()
(6)
(7)

b

e

I8
lef 1

Ief,2
Iad
ai

bbbl

t %fffffTTj

Figure F2.1: Reinforcement to transfer loads perpendicular to the grain-direction (figures not to scale)

Load distribution

Concentrated load

Stiff bearing material (e.g. steel plate, see also equation (48))

Intermediate elastic layer (e.g. elastomeric bearing)

Grain-direction

Plne of fully activated member width b

Compression load to be transferred through the member

Member width [mm]

Width of the contact area [mm]

Clear spacing parallel to the grain between the end of the member and the contact area
[mm]

Length of the contact area [mm]

Effective contact length parallel to the grain in the plane defined by the contact area;
For a < 90° le=/ [mm]

Effective distribution length parallel to the grain in the plane defined by the screw tips [mm]
Penetration length of the threaded part of the screw in the timber member [mm]
Minimum spacings and end distances of the screws [mm], see Annex B6, B7

fischer PowerFull 1l
Annex F2

(informative)
Reinforcement to transfer loads perpendicular to the grain direction
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General requirements

The screws should be evenly distributed over the reinforced contact area. The angle between the screw
axis and the grain direction should be between 45° and 90°. The angle between the screw axis and the
contact surface (supporting area) must be 90°. The screws should be applied with its head flush to the
contact area.

General requirements contact area:

The contact area must have an adequate stiffness (e.g. steel plate with an adequate thickness, see
equation (48), and evenness to prevent penetration of the »fischer PowerFull I« screw heads into the
contact member. In addition, it should be considered to ensure an adequate rotational capacity to
provide an equal distribution of the compression force over all screws

The contact width at the tip of the reinforcement should be equal to the member width b, see D9.1.

For reinforcements which fulfil the requirements above, the characteristic resistance of the reinforced
contact area Fc g rk Should be taken as the minimum value of equation (42).

. kc,‘)O .bc : lef,l : fc.‘)O,k +n- {Fax,(x,Rk > Fb,Rk }
F, s = MIN (42)
b ’ lef,Z ) fc,90,k
With
l,, =1 +min{30 mm, 1, 1/2,1} for end supports (43)
l,, =1 +min{30 mm, 1 /2 1} for intermediate supports (44)
l;, =1L, +(n,—-1)-a +min{l ;a, } for end supports (45)
l,,=2-1,+(n,-1)-a for intermediate supports (46)
Fo=L18k -N see Annex D13 (47)

The value of k¢ 90 should be taken as 1,0 unless the following conditions apply. For members on discrete
supports loaded by distributed loads and/or by concentrated loads at clear distance from the support
Is= 2h (see Figure F2.1) the value of k.0 should be taken as:

- Kc90 = 1,5 for Solid Timber from softwood
- keoo = 1,75 for Glued Laminated Timber from softwood, provided that /. < 400 mm

Note: A series of point loads acting at close centres (e.g. joists of rafters at centres < 625 mm) can be
regarded as a distributed load.

fischer PowerFull Il - Applications
Annex F3

(informative)
Reinforcement to transfer loads perpendicular to the grain-direction
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Reinforcements to transfer compression stresses perpendicular to the grain

The contact material (e.g. steel plate) should be designed for the load introduced by the screw head.
The thickness of steel plates t may be assumed adequate if equation (48) is satisfied.

5,0

t > max F (48)
1,45 |——
\ S

Where
t Thickness of the steel plate [mm]
Feaea  Design compression force in one screw [N]
fyq Design yield strength of the steel plate [N/mm?]

Where rotation of the member results in indentation of the member due to the stiff contact material (e.g.
steel plates), it is recommended to increase the rotational capacity (by e.g. an elastomeric bearing
material), if the following limit in equation (49) is exceeded.

Aw=¢-1/2>1,0 mm (49)
Where
Aw Relative deformation of the member from rotation at the edge of the contact [mm]
0] Rotation of the member at the support at the maximum deflection [rad]
[ Contact length [mm]

Screws driven into the top and bottom of a member have to overlap.

The characteristic resistance may be assessed according to the upper part of equation (42), if
o the contact areas and the screws are arranged axially symmetric on both opposite
sides; and
o the screws overlap at least 10-d, where d is the screw diameter; and
the distance between the screw tips and the opposite contact area is at least 15-d

This may also be applied for members where compression forces acting on one contact area are higher
compared to compression forces acting on the opposite contact area, if the resistances of the contact
areas are proportional to the respective compression forces. In this case, linear addition of resistances,
calculated for transfer of different types of loads or section forces, e.g. for section shear forces in the
members and for the transfer of external compression forces through the member, may be applied.

fischer PowerFull 1l
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Appendix 42 /70




Design of PowerFull Il screws for the structural use in timber constructions
Reinforcement of double tapered, curved and pitched cambered beams

- Geometry factors and definitions (exemplary)

hap
Figure G1.1: Internal reinforcement of beams with screws (figures not to scale)
Where
(N Screw reinforcement, internal reinforcement
(2) Apexzone
(3)  Secondary apex (inflection point)
(4) Mechanically jointed apex (no glued joint)
(5) (Recommended) grain-direction
(6) Distance to edge < lamella thickness
fischer PowerFull Il
Annex G1

Reinforcement of beams with non-constant cross-sections in the apex, against (informative)

tension perpendicular to the grain-direction
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Reinforcement of double tapered, curved and pitched cambered beams

Where reinforcement is applied in members from GLT, BGLT and LVL-P, GLVL-P in flatwise bending
and double tapered beams from LVL-P, GLVL-P in edgewise bending from softwood to carry the full
tensile stresses perpendicular to the grain is applied, the design tensile force in the reinforcement,
Fi90,e4, may be calculated according to equation (50).

Fio0.5a = ki “0,90,d -d-a (50)
with
6-M
o — k . ap,Ed 51
1,90,d P b'hapz ( )
and
h, h,\
k,=ks+k,-—+k, (52)
r r
ks=0,2-tana,, (53)
ks =0,25-1,5-taner,, +2,6-tan’ o, (54)
2
k,=2,1-tanex,, —4-tan" a,, (55)
Where
Kka Factor for the distribution of tensile stresses perpendicular to the grain along the beam

axis:

kea = 1,0  for curved beams;
for the inner quarters of the length of the volume exposed to tensile stresses
perpendicular to the grain, measured from the apex, in double tapered and pitched
cambered beams;

kw = 0,67 for the outer quarters of the length of the volume exposed to tensile stresses
perpendicular to the grain, measured from the apex, in double tapered and pitched
cambered beams;

01.90.d Design tensile stress perpendicular to the grain according to equation [N/mm?]

b Beam width [mm]

as Spacing of the reinforcement parallel to the grain at the height of the beam axis, see
Figure G1.1 [mm]

ko Factor for the tensile stresses perpendicular to the grain from the deviation of bending
stresses in the apex zone

Map.q Design bending moment at apex [Nmm]

hap Height of the beam at the apex, see Figure G1.1 [mm]

P is the uniformly distributed load acting on the top of the beam over the apex area

ks, ks, k7 Modification factors

r Radius of the curved part of the beam, see Figure G1.1 [mm]

Qap Angle of the taper in the middle of the apex zone, see Figure G1.1 [°]

fischer PowerFull 1l
Annex G2

Reinforcement of beams in the apex — (informative)

tension perpendicular to the grain-direction
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Reinforcement of double tapered, curved and pitched cambered beams

The spacing parallel to the grain of the reinforcement, a1, may be adapted according to the distribution
of tensile stresses perpendicular to the grain along the length of the volume under tensile stresses
perpendicular to the grain.

The screw reinforcements should cover the full height of the beam excluding the outer laminations in
bending tension. One reinforcing screw should be placed in the cross-section below the apex
respectively secondary apex (inflection point). The spacing parallel to the grain of the reinforcement,
a1, measured at the upper side of the beam, should not be less than 250 mm but not greater than
0,75 hgp.

For curved or pitched cambered beams with mechanically jointed apex, see Figure G1.1, the
reinforcement should be designed for:
o the tensile stresses perpendicular to the grain at the inflection points
(secondary apex at the end of the mechanically jointed apex), and
o the tensile stresses perpendicular to the grain from curvature in the apex.

The reinforcement of curved or pitched cambered beams with mechanically jointed apex should be
arranged as follows:

o The reinforcement at the inflection points should cover a length of at least 2-h,, in direction
of the apex (but at maximum the real length to the apex) and 1-h,, in direction of the end of
the beam

o The reinforcement from the curvature in the apex should be arranged in the remaining
curved parts.

o Between both areas (see Figure G1.1) the spacing parallel to the grain of the reinforcement,
ai, may be linearly graded.

o Where the tensile stresses perpendicular to the grain from curvature in the apex are higher
than the tensile stresses perpendicular to the grain at the inflection points, the associated
reinforcement should be arranged over the whole curved length.

fischer PowerFull 1l
Annex G3
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Reinforcment of notches

- Geometry factors and definitions

Where

(1)  Screw reinforcement, internal reinforcement

(3) External force direction

(4) Possible crack line (tension perpendicular)

(5) Rounded corner r = 20 mm
(Recommendation, calculation model remains
the same)

(6) Block glued joint

(7)  Connector or group of fasteners

b>240

Figure H1.1: Notched beams, reinforcements with internal screws (figures not to scale)

Note: The inclined arrangement of the screw should be preferred, due to the fact the screw comes closer to the corner, even the
calculation models are equal for both applications

fischer PowerFull 1l
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Design of reinforcements of notches

The following rules apply for reinforced notches in members with rectangular cross-section from kiln-
dried ST, FST, GST, GLT, BGLT, LVL-P, GLVL-P from softwood. For members with a rectangular notch
on the same side as the support, see Figure, the reinforcement may be designed for a design tensile
force Fi90,eq4 according to equation

E,%,Ed =k, 'kﬁ Vi '[3'(1_05)2 _2'(1_05)3] (56)
with
k,=0,9+0,5-(2-a-1)’
(57)
ky=1+2-f
Where
Ka, Kp Factors to account for the notch geometry [-]
VEeq Design value of the shear force [N]
a Ratio het/ h see Figure H1.1 [-]
het Effective height, see Figure H1.1 [mm]
h Height of the beam [mm]
Yij Ratio a/h, see Figure H1.1 [-]
a Distance parallel to the grain from the line of action of the support reaction to the corner

of the notch [mm]
For < 0,6 and < 0,2, the product kqskg may be taken as kokg = 1,3 without further verification.

Reinforcement of notches

The reinforcement should cover the full height of the notched edge (&Ldac = (h - her)). Where this
requirement is not fulfilled (4. < (h - hef)), the height of the unreinforced part of the notched edge should
be taken as (h — hef). The minimum length 44t should be taken as L4t = min{&ac; 1,5 a}, see Figure
H1.1.

The tensile force Fig0e4, according to equation (56) only one row of internal reinforcing elements at a
distance as: from the edge of the notch should be considered, see Figure H1.1. The screw
reinforcement may be inclined to reduce the distance between the peak tensile stresses perpendicular
to the grain and the dowel-type reinforcement.

The tensile force, Fi90,e4, according to equation (56), for reinforcements positioned perpendicular to the
grain, see Figure H1.1, the load-carrying capacity should be limited to twice the load-carrying capacity
of the unreinforced notched beam.

fischer PowerFull 1l
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Reinforcements of holes in beams

- Geometry factors and definitions

Figure 11.1: Holes in beams — reinforcements with internal screws (figures not to scale)

Note: The inclined arrangement of the screw should be preferred, due to the fact the screw comes closer to the corner, even the

calculation models are equal for both applications

- Geometry factors and definitions

(1)
(3)
(4)
®)

(6)

Screw reinforcement, internal reinforcement
External force direction
Possible crack line (0,15-hq4, see Figure 11.1)

Rounded corner: r= 20 mm, if hg < 200 mm

r=40 mm, if hg > 200 mm
Inclined reinforcement in case of e.g. high shear

fischer PowerFull 1l

Holes in beams
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Reinforcements of holes in beams

- Design of reinforcements of notches

The following rules apply for members with rectangular cross-section in edgewise bending from kiln-
dried ST, FST, GST, GLT, BGLT, LVL-P, GLVL-P from softwood with reinforced holes which comply
with the geometrical boundary conditions given in Table 12.1.

Table 12.1: Minimum distances and maximum dimensions of reinforced holes in beams with rectangular
cross section

Minimum distances Maximum dimensions
End Spacing Support Edges Rectangular holes Circular holes
Individual hole: hw=20,15h9
£21,0 h, at least one
at least 300 mm lamination 9 |a/hg £ 2,5| hg<0,3 h®) d<0,3h°
L=h? = h/2
Group of Clrcular hr| 2 0,2 h °) a < h hd < 0,4 h f) d < 0,4 h f)
holes: atleast 1,5
L=db laminations ¢

Note: For geometry parameters (e.g. Ia, lv, Iz, hru, hn, ha, €), see Figure 11.1.

a) In applications with permanently dry or frequently changing climate, # should be increased (4 = 1,5 h)

b) For groups of circular holes, a reduction factor kspace has to be considered

Note: The different distance limits cover the different effects of tension and compression stresses from bending.
©) The effect of holes arranged eccentrically should be taken into account

4 For LVL-P: hry = 40 mm, hy = 60 mm

€} For holes with internal dowel-type reinforcement

) For holes with plane external reinforcement, e.g. panels, laminations, LVL-C and PMP and for holes in LVL-C and
GLVL-C in edgewise bending.

fischer PowerFull 1l
Annex 12
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- Design of reinforcements of holes

The reinforcement of holes in beams should be designed for a tensile force perpendicular to the grain,
Fio0.4, composed of Fivq from the transfer of shear stresses and Fimq from the transfer of bending
stresses. All areas prone to splitting from tensile stresses perpendicular to the grain should be analysed.
The reinforcement of a hole in beams (see Figure 11.1) should be designed for a design tensile force
Fi90,e4 according to equation (58).

F +F
F — 1,90,V Ed t,90,M Ed 58
t,90,Ed kspace ( )
With
v, -0,7-d,. 0,7-d,,. Y\
F;,90,V,Ed = £d 4h hol l:3_( h bl j :|'kdiam (59)
d 2
kdjam — 1,1 + 1’3 . hole _( hole] (60)
h
and
M, (d,.Y
Fz,90,M,Ed =0,09- hEd (#j (61)
1
L5-h—1
k, ~=:1-02-——= 62
space 1’ 5 . h ( )
1-0,4. 21k
v v, hY
Ko =1,25+0,3-——.| 4.1 —3-[ 2] J (63)
hd Ed MEd
Where
Fioovesa Design tensile force perpendicular to the grain from the transfer of shear stresses around
the hole [N]
Fioomea Design tensile force perpendicular to the grain from the transfer of bending stresses
around the hole [N]
Meq Design bending moment at the edge of the hole (absolute, i. e. positive value) [Nm]
Veq Design shear force at the edge of the hole (absolute, i. e. positive value) [N]
a Length of the rectangular hole [mm]
hole Applicable diameter of the hole
=d (hole diameter) for circular holes [mm]
=Kshapeha for rectangular holes [mm]
h Height of the beam at the edge of the hole [mm]
ha Height of the rectangular hole [mm]
Kdiam Factor for the stress distribution and the location of crack onset [-]
Kspace Factor for the possibility of placing up to three circular holes at closer spacing.
For members with individual holes kspace = 1,0 [-]
I, Distance between two holes [mm]
fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions
Reinforcements of connections with laterally bolts

- Geometry factors and definitions

(4)
' (6)

s 0'5'31,Fastener(8)

L ¥
<0531 rasr8)

Figure J1.1: Shear connections with bolts — reinforcements with internal screws (figures not fo scale)

Where

(1) Slotted-in steel plate

(2) Possible crack line

(3) Dowel or bolt

(4) Reinforcement

(5) Direction of force

(6) Tight-fitting bolts to reduce moment from eccentricity
(7) Recommended: 3 dkeinr.

(8) Recommended: 2 dreint.

airastener IS the spacing parallel to the grain between two fasteners [mm]
astrastener IS the distance between the fastener and the loaded end [mm]
OReint. is the diameter of the dowel-type reinforcement [mm]

- Design of reinforcements of connections with laterally loaded bolts

Where splitting of the member from in GST, GLT-c, BGLT from softwood is prevented through sufficient
reinforcement perpendicular to the grain (see Figure J1.1), the effective number of fasteners may be
taken as ner = n.

The characteristic tensile force in the reinforcement may be taken as Fig0ex = 0,3-Fyx, with F, x assessed
for one bolt/dowel and one shear plane.

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions
Reinforcements of connections with a tensile force component perpendicular to the grain

- Geometry factors and definitions

4 Feo/2 Fgo,EdT:lFEd Variant for double

t Fedl2 beams 1 F_,

FO,Ed

Fv,Ed 1

/4
—
—
~
l¢
<

Aac A2 Aac
<3d Reinf. A4 Aac

Figure K1.1: Joint with a tensile force component — reinforcement with internal screws (figures not to scale)

Where
W) Screw reinforcement
(3) Possible crack line

The reinforcement of connections in ST, PL and LVL-P with a tensile force component perpendicular to
the grain (see Figure K1.1) may be designed for a tensile force Fig,e4 according to the equation (64).

Foom = (1 -3-a’+2- 053) “Foo g4 (64)
Where
a Ratio hetconn./ h, see Figure
hetconn.  Effective height of the connection, see Figure K1.1 [mm]
h Height of the member [mm]

Foo,eq Design force perpendicular to the grain to be transferred by the connection [KN, N]

Where the effective depth of the reinforcement is

h

ef ,Reinf . = (l

ad,c + lad,t ) : Sin (24 (65)
is smaller than 0,7-h, measured from the loaded edge of the beam, the characteristic splitting according
to EN 1995-1-1 capacity of one connection should be satisfied at the tip respectively edge of the
reinforcement facing the unloaded edge of the beam, see Figure K1.1.

The tensile force Fig0,eq4 according to equation (64) is carried only by one row of the screw reinforcement
at a distance parallel to the grain, as., from the edge of the connection.

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions
Fixations of on-roof insulation system

General rules
»fischer PowerFull ll« screws with an outer diameter 6,0 to 10,0 mm may be used for the fixing of heat
insulation on the top of rafters.

The thickness of the insulation shall not exceed 400 mm. The rafter insulation must be placed on the
top of ST, PL, CL or LVL or other materials with an ETA and be fixed by battens arranged parallel to
the rafters or by wood-based panels on the top of the insulation layer. The insulation of vertical facades
is also covered by the rules given here.

Screws must be screwed in the rafter through the battens or panels and the insulation without
predrilling in one sequence. The angle a between the screw axis and the grain direction of the rafter
should be between 30° and 90°.

The minimum thickness t and the minimum width b of the solid timber battens is given in Table L1.1.

Table L1.1: Minimum dimensions of the battens depend on the screw diameter

d bmin fmin
[mm] [mm] [mm]
<8,0 50 30
10,0 60 40

The insulation must comply with an European Technical Assessment.

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

The maximum screw spacing is es=1,75 m.

Alternative to the battens, panels with a minimum thickness of 20 mm from plywood (PLY) according

to EN 636, particleboard (RPB) according to EN 312, oriented strand board OSB/3 and OSB/4
according to EN 300 or ETA and solid wood panels (SWP-c) according to EN 13353 may be used.

fischer PowerFull I
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Design of PowerFull Il screws for the structural use in timber constructions

Fixations on roof insulation system

Mechanical Model

The system of the rafter, heat insulation on the top of rafter and battens parallel to the rafter may be
considered as a beam on elastic foundation. The batten represents the beam, and the heat insulation
material on top of the rafter the elastic foundation. The minimum compression stress of the heat
insulation material at 10 % deformation, measured according to EN 826 shall be 610%=0,05 N/mm?2. The
batten is loaded perpendicular to the axis by point loads Fy. Further point loads Fs are from the shear
load of the roof due to dead and snow load, which are transferred from the screw heads into the battens.

For the design of the battens and the thermal insulation see Annex L6 and L7.

The design of the screws is given with Annex L8 to L11.

The characteristic compressive capacity depending on the free screw length between the counter batten

and the rafter should be considered in accordance to Table L2.1

Table L2.1: Buckling capacity of screws with free span length

Free screw Nominal diameter d

length [mm]

[mm] 6,0 8,0 10,0 12,0

<120 2,32 4,28 6,76 18,80
140 1,75 3,27 5,21 14,90
160 1,38 2,57 4,12 12,00
180 1,10 2,08 3,33 9,85
200 0,91 1,71 2,75 8,20
220 0,76 1,43 2,31 6,93
240 0,64 1,21 1,96 5,92
260 0,55 1,04 1,69 5,12
280 0,48 0,91 1,47 4,48
300 0,42 0,79 1,29 3,94
320 0,37 0,70 1,14 3,49
340 0,33 0,62 1,01 3,12
360 0,29 0,56 0,91 2,80
380 0,26 0,50 0,82 2,52
400 0,24 0,46 0,74 2,29
420 0,22 0,42 0,68 2,09

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

Fixations on roof insulation system for compressive strength insulations

Counter batten

Insulation

Vapour barrier

Roof boarding
Rafter

Syvvivdyvvvvuiiiild

5

Wsuction,k

Wpressure,k

Pressure transfer
within the insulation

Tension load Faxk in
the screw axis

Concentrated transfer of
pressure within the insulation

Figure L3.1: Counter batten on rafters with insulation (figures not to scale)

Where
S Roof inclination a Angle between the screw axis and the grain-direction of the
rafter
es Spacing of screws ks Point side penetration length of the threaded part in the rafter

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

Point loads Feq perpendicular to the battens for compressive strength insulations

N
l Geg

We

Gra=76-8e e
Sea =V Sk "€ e, -€os f3, (66)
Wea =Yo W

pressurek €€,

Frg =Wgq +(Ggy + Sgg)-cos B,

Figure L4.1: Counter batten on rafters with insulation — Calculation model action loads (figure not to scale)

Where

Feq Point load perpendicular to the battens [N]

GEd Point load by dead weight [N]

Skd Point load by snow load [N]

Weq Point load by wind pressure [N]

€b Distance of the battens [mm]

er Distance of the rafters [mm]

Ok Characteristic dead load per m? roof area [N/m?]
Sk’ Characteristic snow load per m? roof area [N/m?]
Woressure k Characteristic wind pressure per m? roof area [N/m?]
5 Roof inclination [°]

16 Partial factor for permanent action acc. to EN 1990
1 Partial factor for variable action acc. to EN 1990

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

Point loads Feq perpendicular to the battens by the screws

Rs-:d/ Soes

Figure L5.1: Counter batten on rafters with insulation — Design loads (figure not to scale)

Gs,Ed =7/G .gk 'es .er

_ '
Ss,Ed _yQ 'Sk 'es 'er 'COSﬂr

(67)
Rs,Ed = (Gs,Ed + Ss,Ed ) : Sil’l ﬂr
Fpi =R p /tanar
Where
Faxkd Axial load of the screws [N]
FsEq Point loads perpendicular to the battens by screws [N]
GsEd Point load by dead weight [N]
RsEd Shear load due to dead weight and snow load [N]
Ss Ed Point load by snow load [N]
Ws Ed Point load by wind pressure [N]
€s Distance of the screws [mm]
e Distance of the rafters [mm]
gk Characteristic dead load on the roof [N/m?]
Sk’ Characteristic snow load on the roof [N/m?]
o Inclination of the screw axis (see Figure L3.1) [°]
5 Roof inclination [°]
16 Partial factor for permanent action acc. to EN 1990 [-]
1 Partial factor for variable action acc. to EN 1990 [-]
fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

The bending stresses of the battens are calculated with
B (F}:‘d +F;,Ed)'l

char

Ed = 1 (68)

Where
Feq Point loads perpendicular to the battens [N]
Fs Ed Point loads perpendicular to the battens in the area of the screw heads [N]
Meqy Design bending moment of the batten [Nmm]
lehar Characteristic length of the batten [mm]

with 7, =4 , Where

Wy
El Bending stiffness of the batten [Nmm?]
Wet Effective width of the thermal insulation [mm]

with W= w2 , where

w Minimum width of the batten or rafter [mm]
ti Thickness of the thermal insulation [mm]
K Bedding modulus [N/mm?]

The coefficient K may be calculated from the modulus of elasticity E; and
the thickness t; of the thermal insulation if the effective width wer of the
thermal insulation under compression is known. Due to the load extension in
the insulation the effective width wer is greater than the width of the batten or
rafter, respectively. For further calculations, the effective width wes of the

thermal insulation may be assessed with g :ﬂ , Where

tti

Ei Modulus of elasticity of the thermal insulation [N/mm?]
ti Thickness of the thermal insulation [mm]

The following conditions shall be satisfied:

Um
< (69)
f;n,d
Where
Om.Ed Design value of the bending stress of the batten [N/mm?]
fmd Design value of the bending strength [N/mm?]
T 3.V,
Ed _ B < (70)
fv,d 2Aef ‘fv,d
Where
fud Design value of the shear strength of the batten [N/mm?]
Aet Net cross section of the batten [mm?]
VEd Design shear load onto the batten [N]
F F,
W|th VEd — Ed+2 s, Ed
TEd Design value of the shear stress of the batten [N/mm?]
fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

If the compressive stresses are transferred over the thermal insulation and not the screws (e.g. partial
threaded screws like »fischer PowerFast ll« screws are used to transfer only wind suction loads) the
following equation has to be considered

LS Fp +F g

O, = 71
c,Ed 2[ ( )

char Wef
Where
Feq Point loads perpendicular to the battens [N]
Fsked Point loads perpendicular to the battens in the area of the screw heads [N]
lehar Characteristic length of the batten [mm]
with 1, =4 , Where
Wy
El Bending stiffness of the batten [Nmm?]
Wet Effective width of the thermal insulation [mm]
with W,e =W+1, /2,
Where
w Minimum width of the batten or rafter [mm]
ti Thickness of the thermal insulation [mm]
K Bedding modulus [N/mm?]
The coefficient K may be calculated from the modulus of elasticity E; and
the thickness t; of the thermal insulation if the effective width wer of the
thermal insulation under compression is known. Due to the load extension in
the insulation the effective width wer is greater than the width of the batten or
rafter, respectively. For further calculations, the effective width wes of the
E.
thermal insulation may be assessed with K=-" , Where
ti
Ei Modulus of elasticity of the thermal insulation [N/mm?]
ti Thickness of the thermal insulation [mm]
OcEd Design value of the compression stresses of the thermal insulation

Note: The design value of the compressive stress shall not be greater than 110 % of the compressive
stress at 10 % deformation calculated according to EN 826.

fischer PowerFull I
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Design of PowerFull Il screws for the structural use in timber constructions

The screws are loaded predominantly axially. The axial tension force in the screw may be calculated
from the shear loads of the roof

Fo =2 <F (72)
cosQ,
Where
FaxEd Design value of the axial tension forces onto the screw [N]
Foax.oRd Design value of the withdrawal capacity of the screw [N]
Rs Ed Shear loads onto the screw [N]
o Angle inclined screw (see Figure L3.1) [°]

In order to limit the deformation of the screw head for heat insulation thicknesses over 200 mm or with
compressive strength below 0,12 N/mm?, respectively, the axial withdrawal capacity of the screws shall
be reduced by the factors k1 and k.

The design axial capacity of fischer PowerFull Il screws for rafter or fagade installation should be
calculated with equation (73).

P 0,8 f .d 2 P 0.8

. k,r A head ,d h kb .

Fux,a,Rd :mln{kax'fax,d .d.lef,r'kl k2(350] ’ max{k f dl }[350] ’f‘“””’d} (73)
ax ax,d ef b

Where

Fax.o.Rd Design value of the withdrawal capacity of the screw [N]
d Diameter of the screw [mm]
ah Head diameter of the screw [mm]
fax.d Design value of the withdrawal parameter of the threaded part of the screw [N/mm?]
fhead.d Design value of the head pull-through capacity of the screw [N/mm?]
fiens.d Design value of the tensile capacity of the screw [N]
Kax Coefficient according to equation (18)
ki min {1; 200 / t} [-]
k2 min {1; 010%e4/ 0,12} [-], where
10% Ed Compressive stress of the heat insulation at 10 % deformation [N/mm?]
ti Thickness of the thermal insulation [mm]
lef Point side penetration length of the threaded part in the rafter with &r= 40 mm
bt Penetration length of the threaded part in the batten
a Angle between grain and screw axis (« > 30°) [°]
x Characteristic density of the timber element [kg/m?]

Note: If the factors ki1 and k» are considered in the equation for Faxrg, the deflection of the battens is not
be taken into account. Alternatively to the battens, panels with a minimum thickness of 20 mm from
plywood according to EN 636 or an ETA or national provisions that apply at the installation site, particle
board according to EN 312 or an ETA or national provisions that apply at the installation site, oriented
strand board according to EN 300 or an ETA or national provisions that apply at the installation site and
solid wood panels according to EN 13353 or an ETA or national provisions that apply at the installation
site or Cross- laminated Timber according to an ETA may be used.

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

Thermal insulation material on rafters with parallel screws perpendicular to the roof plane

Alternative to the battens, panels with a minimum thickness of 20 mm from plywood according to
EN 636, particleboard according to EN 312, oriented strand board OSB/3 and OSB/4 according to
EN 300 or European Technical Assessment and solid wood panels according to EN 13353 may be

used.

The insulation must have a minimum compressive strength of 610%=0,05 N/mm? at 10 % deformation

according to EN 826.

The battens or wood-based panels, respectively, must have sufficient strength and stiffness. The
maximum design value of the compressive stress between the battens or boards, respectively, and the

insulation shall not exceed 1,1 c10%.

Characteristic load-carrying capacity of a screw loaded in shear may be calculated with

fh,b,k 'd'tb
fh,r,k ' d ’ tr
f,. . -d- E
%BB'[\/M +(2 +%)ti +(2+ P +4At, (t, + )+ 2t — 2t —t, — trJ+ R
f,.-d t2 M t F
1,05 %ﬁ \/tfl +tt, +?b(l+%}+ - y’kd(1+§) —t, —?bJ+a"T’Rk
F, pc =min i hbk
R ,+B (74)
f, . -d- 2 M E
1,05-Lﬁ tfi+ttitr+t—r(1+5)+ vk [2+lj—tﬁ—t—r 4Rk
1 +B 2 fh,b,k -d p 2 4
2
f, . -d M E
1,15. bk — B2tt2i+4.B(B+1). y.k —B-t, 4 &Rk
1+ fhpx-d 4
Where
FyvRrk Characteristic load-carrying capacity of a screw loaded in shear [N]
My Characteristic yield moment of the screw [Nmm]
Faxrk The minimum characteristic load-carrying capacity of the axially loaded
screws acc. to Annex D [N]
frb k Characteristic embedment strength of the batten [N/mm?]
frrk Characteristic embedment strength of the rafter [N/mm?]
d Outer thread diameter [mm]
to Batten thickness [mm]
tr The lower value of rafter thickness or screw penetration length [mm]
ti Thickness of the thermal insulation [mm]
Yij Coefficient of the embedment strength of the rafter to the batten [ - ]
with Jw/
P b
fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions
Thermal insulation material on rafters with alternatively inclined screws

Mechanical Model

Depending on the screw spacing and the arrangement of tensile and compressive screws with different
inclinations the battens are loaded by significant bending moments. The bending moments are derived
on the following assumptions:

o The tensile and compressive loads in the screws are assessed based on equilibrium conditions from
the actions parallel and perpendicular to the roof plane. These actions are constant line loads.

o The screws act as hinged columns supported 10 mm within the batten or rafter. The effective column
length consequently equals the length of the screw between batten and rafter plus 20 mm.

o The batten is considered as a continuous beam with a constant span I=A+B. The compressive
screws constitute the supports of the continuous beam while the tensile screws transfer
concentrated loads perpendicular to the batten axis.

o The screws are predominantly loaded in tension or compression. The screw’s normal forces are
assessed based on the loads parallel and perpendicular to the roof plane.

Compressive screws

-sin(90 -«
F ,=(A+B)-| - (.Iﬂ’d - qL’d. ( 2) (75)
’ cosqa, +sing, /tana, sin(a, +a,)
Tensile screws
-sin(90 -«
F; i — (A+B)' q.”,d _ ql,d‘ ( ]) (76)
’ cosa, +sina, / tanq, sin(a, +a,)

The bending moments in the batten follow from the constant line loads and the load components
perpendicular to the batten from the tensile screw. The span of the continuous beam is equal to (A+B).
the load component perpendicular to the batten from the tensile screw is:

(77)

-sin(90—¢, ) -sin
FZS,Ed =(A+B)-[ 9.4 Y14 ( 1) 2}

l/tane, +1/tan e, sin(e, +a,)

Note: A positive value for Fzs e4 means a load towards the rafter, a negative value a load away from
the rafter.
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Design of PowerFull Il screws for the structural use in timber constructions

Thermal insulation material on rafters with alternatively inclined screws

Mechanical Model

Fzsi Fzs Fzs Fzs Fzs Fzs
P P P S A S P S N N
P P A A A pgtten A

B A B A B A B A B A B
Figure L11.1: Counter batten on rafters with alternatively inclined screws and mechanical model (figure not to scale)

Compressive screws
-sin(90 -«
F, =(4+B) - q.II,d _ qj_,d. ( ) (78)

’ cosa, +sing, /tana, sin(a, +a,)

Tensile screws
-sin(90 —
FVCEd — (A+B)' q.II,d _ qJ_,d. ( 1) (79)
’ cosa, +sina, / tanq, sin(a, +a,)
Concentrated load
-sin(90 - ¢, ) -sina
FZS,Ed —(A+B)- 9.4 414 ( 1) 2 (80)
1/tanq, +1/tana, sin(e, +a,)

Note: A positive value for Fzseq means a load towards the rafter, a negative value a load away from

the rafter.
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Design of PowerFull Il screws for the structural use in timber constructions
Thermal insulation material on rafters with alternatively inclined screws
Load carrying-capacities of the screws

The design withdrawal/tension capacity of fischer PowerFull Il screws for rafter or fagade installation
should be calculated with equation (81).

P 0,8 f d 2 P 0,8

. k,r . head ,d h k,b .

Fax,t,a,Rd = min kax .J[ax,d d .lef,r [35()} 9 max{k f d l }E%] ﬂf;ens,d (81)
ax " Jax,d "% ef b

The design compression/buckling capacity of fischer PowerFull Il screws for rafter or fagade installation
should be calculated with equation (82).

0,8 0,8
: Prr | . Prp | .

Focara =0 Ky - for g -d -y [%j S N PNRY Y [Ej 3 Fy ra (82)
Where
d Diameter of the screw [mm]
ah Head diameter of the screw [mm]
faxd Design value of the withdrawal parameter of the threaded part of the screw [N/mm?]
fhead.d Design value of the head pull-through capacity of the screw [N/mm?]
fiens.d Design value of the tensile capacity of the screw [N]
Kax Coefficient according to equation (18)
lef Point side penetration length of the threaded part in the rafter with &r= 40 mm
bty Penetration length of the threaded part in the batten
x Characteristic density of the timber element [kg/m?]
Fax.o.Rd Design value of the withdrawal capacity of the screw [N]
Fekq Design compressive force of the screw [N]
Fted Design tensile force of the screw [N]
Fzsed Concentrated load due to the tensile screw [N]
FbRa Buckling strength of the screw with free span length (see also Annex D14 and L2)
Qiid Design loads parallel to the batten [N/m]
QLgd Design loads perpendicular to the batten [N/m]
o Batten thickness [mm]
o The lower value of rafter thickness or screw penetration length [mm]
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Design of PowerFull Il screws for the structural use in timber constructions

Inclined screws with an angle of 45° for the use in single shear plane timber-to-steel

F

v

With
Where
Fu r

F. ax,o,Rk
o

¢

M, ri
fh, a'k

Figure M1.1: Shear connection with inclined screws steel-to-timber connection (figure not to scale)

i =Fw e (p-sina+cosa)+4/2-(1+¢) -\/My,Rk Srwr(0,7-d)-sin* o - (1— p-cotar) (83)

Characteristic load-carrying capacity of a screw each shear plane [N]
Characteristic withdrawal capacity of the screw [N], see Annex C8

Angle between screw axis and grain-direction [°], a = 45°

Factor to consider partial restraint of the screw head in the steel plate [0< {<1]
¢=0 For thin steel plates t < 1,5-d

¢=1 For thick steel plates t 2 1,5-d and tolerances of the diameter less than 0,1-d
In between a linear interpolation is allowed

Yield moment of the screw see Annex C1 [Nmm],

Characteristic embedment strength of the screw with an angle o' = 45 [°]
Coefficient of friction, if permanent compression forces between the steel/aluminium and
timber elements can be ensured

For steel and aluminium x = 0,25

Note: For the use of inclined screws from opposite sides, the screws must overlap in the area of the screw tips
to avoid a damage due to tension stress perpendicular to the grain-direction (Recommended value > 4-d)

fischer PowerFull 1l
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Design of PowerFull Il screws for the structural use in timber constructions

Inclined screws for the use in single timber-to-timber shear connections

Figure M2.1: Shear connection with inclined screws timber-to-timber connection (figure not to scale)

The load-carrying capacity

1
Fp = . . (84)
(cos a J ( sin o J
J’_
\/ Fv,Rk Fax,Rk

The slip modulus, see also Annex C18

K, =K, cosa-(cosa—u-sina)+K, , -sina-(sina+ u-coscr) (85)

v,ser
For cross coupled screws the friction should not be considered, which leads to

K, =K, cos’a+K,  -sin’a (86)

ser v,ser

Considering the deformations in both parts leads to the total slip modulus

s = (®7)
+
Kax,ser,l ax,ser,2
Where
d Outer thread diameter of the screw [mm]
Fu Rk Characteristic load-carrying capacity of a screw each shear plane [N]
Fax Rk Withdrawal capacity of the screw [N], see Annex C8
Kax,ser Slip modulus parallel to the screw axis in the serviceability limit state [N/mm]
Ky ser Slip modulus perpendicular to the screw axis in the serviceability limit state
[N/mm]
a Angle between screw axis and grain-direction [°]
u Coefficient of friction, if permanent compression forces between the timber
elements can be ensured x = 0,25
fischer PowerFull 1l
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Fire Design of PowerFull Il screws for the structural use in timber constructions
according to EN 1995-1-2

- Connections with side members of timber elements — simplified rules

a) Unprotected connections

as
as

Ay

Figure N1.1: Fire design for unprotected screws — laterally loaded (figures not to scale)

The fire resistance of unprotected timber-to-timber joints with screws with d > 3,5 mm where spacing,
edge and end distances and side member dimensions comply with minimum requirements given in
EN 1995-1-1 have a fire resistance of

1, =15 min (88)

For connections with non-protruding heads, the fire resistance periods tis can be extended by
increasing the following dimensions with as to a maximum of 30 minutes.

- The thickness of the side members
- The width of the side members
- The end- and edge distances of the screws
With
a, =15, ) (89)

fischer PowerFull I
Annex N1

(informative)
Fire design for unprotected screws — laterally loaded

Appendix 67 / 70




Fire Design of PowerFull Il screws for the structural use in timber constructions
according to EN 1995-1-2

The values for the design notional charring rate 4, under standard fire exposure are given below.

Table N2.1: Notional charring rate

Material P .
[mm/min]
Softwood and beech
Glued Laminated Timber with a characteristic density 070
of > 290 kg/m? ’
Solid Timber with a characteristic density of > 290 kg/m? 0,80
Hardwood
Solid or Glued Laminated hardwood with a characteristic 070
density of > 290 kg/m? ’
Solid or Glued Laminated hardwood with a characteristic 055
density of > 450 kg/m? ’
LVL
LVL with a characteristic density of > 480 kg/m? 0,70

b) Protected connections

Figure N2.1: Fire design for protected screws — laterally loaded (figures not to scale)

If the construction is protected by the addition of wood panelling, wood-based panels or gypsum
plasterboards type A or H or other fire protection panels with a fire resistance in accordance with an
European Technical Assessment, the time until start of charring should satisfy

£, >t 0,51, (90)
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Fire Design of PowerFull Il screws for the structural use in timber constructions
according to EN 1995-1-2

If the connection is protected by the addition of gypsum plasterboard type F, the time until start of
charring should satisfy equation (91).

tch

2ty 124y, (91)
For connections where the screws are protected by glued-in timber plugs, the length of the plugs
should be assessed according to

a,=L5p -, ;) (92)

The fixings of the additional protection should prevent its premature failure. Additional protection
provided by wood-based panels or gypsum plasterboards should remain in place until charring of the
member starts (t = fcn). Additional protection provided by gypsum plasterboards type F should remain
in place during the required fire resistance period (f = freq).

The following rules apply for the fixing of additional protections by screws:

-The distance between the screws should be not more than 100 mm along the board edges and not
more than 300 mm for fastenings within the area of the boards

-The edge distance of fasteners should be equal or greater than as, calculated using expression

a, =158 -, 1) (93)

The penetration depth of the screws for fixing the additional protection made of wood, wood-based
panels or gypsum plasterboards type A or H should be at least 6-d.

For gypsum plasterboards type F, the penetration length into unburnt wood (that is beyond the char-
line) should be at least 10 mm (see also EN 1995-1-2).

Where

a Extra thickness of member to improve the fire resistance [mm]
freq Required time of fire resistance [min]

fas Time of the fire resistance of the unprotected connection [min]
yis Notional charring rate [mm/min]
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Fire Design of PowerFull Il screws for the structural use in timber constructions
according to EN 1995-1-2

- Simplified rules for axially loaded screws

=

aq a
Figure N4.1: Fire design for axially loaded screws (figure not to scale)

For axially loaded screws which are protected from direct fire exposure, the design resistance of the
screws should be calculated like below
1,05 -F,,
Fodon=n———— (94)
N
For connections where the distances a» and a3 of the screws satisfy the equations (95), the
conversion factor 7 for the reduction of the axial resistance of the screw in the fire situation

should be calculated with equation (96).

a, > a, +40
(95)
a,>2a,+20
0 fora, <0,6-¢, ,
0,44-q,-0,264-1, ,
- for0,6-7, , <a, <0,8-7, ;+5
0,2-¢, ;+5 i i
= ‘ 96
771 0.56-4,-0.36-1, , +7.32 (26)
- for0,8-7, ,+5<a, <t¢, ,+28
0,2-1, ,+23 ’ -
1,0 fora, >z, ,+28
Where
ai, az, as Distances and spacing of the screws [mm]
ta i Time of the fire resistance of the unprotected connection [min]
Fax R Characteristic withdrawal strength [N]
Faxd.tfi Design value of the withdrawal strength in the fire situation [N]
M i Partial factor for timber in the case of fire, see National regulations
(recommended value mfire=1,0) [-]
n Conversion factor for the reduction of the load-bearing capacity in the
case of fire [-]
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