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Axially loaded screws

FULLY THREADED SCREWS LOADED IN TENSION

A.11l.1 general - connection between two timber elements

DETAILS

service class SC1
loading
permanent load: F;, = 2.50 kN
variable loads: F, = 1.25 kN
(category A, duration of load
lef, 2 medium-term)

construction elements
L glue laminated timber GL24h

=

@

[

Wood Screw C-FT-8x350/340
d=8mm, /=350 mm, Ig=340 mm
Ief_1 =160 mm, /ef’2 =180 mm

lef,l

]
a

<t R L L L L b L LR E e LR R b o

action design value

Feo =v6 Fox + Yo Fux
Feg=1.35F, +15-F,=135-25+15.1.25=5.25 kN= 5250 N

determination of the load bearing capacity of the single screw

{head pull-through resistance in element 1}

) withdrawal resistance in element 1
Fax Rd =min . . .
’ withdrawal resistance in element 2

screw tension resistance

determination of the design value of the head pull-through resistance in element 1

o 0.8 k
Fhead,Rd = fhead,k ) dh2 ) [32(1) J 'ym_;d
P 385 kg/m? characteristic density of the timber element

k 0.8 (SC1, GL24h, duration of load medium-term)
f 12.4 N/mm? (acc. to ETA-22/0789:2023, table A6.7)

Y 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
0.8
Fooaras = 12.4- 152 (ﬁj . ﬂ: 1853 N
” 350 1.30

determination of the design value of the withdrawal resistance in element 1:
kp k
p mo
Fax,Rd,1 = fax,k,QO ) kax ’ ksys ’ [ : J -d- lef,1' .

pk,ref Twm
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Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE \§

k 1.0 fur 30°< a = 90°

ax

k 1.12 for 4 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

sys

P, 350 kg/m? characteristic density of the row material for the timber product
fkso 13.1N/mm?(acc. to ETA-22/0789:2023, table A6.1)
/ 160 mm
el 385 1.10 08
F =13.1-1.0-1.12. | === | .8 160 —-=
axRd,1 (35()) 130 12834 N

determination of the design value of the withdrawal resistance in element 2:

kp K
p mo
Facraz = Facoo  Kax Keys® [p_kJ - oy Y_d
k,ref M

frkeo 13:1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)
k., 1.0 for 30° < a < 90°

ws 100 for solid wood
o} 350 kg/m? characteristic density of the timber product
/ 180 mm

ef,1

1.10
Fong, =13.1:1.01.00- (%) . 8- 180- %=12892 N

determination of the design value of the screw tension resistance:
F

F _ " tensk
tens,d

M2

F, 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
24100

tens,d = m

=19280 N

design value of the single screw

E
max{ head,Rd,1} max{ 1853 N }

. Fax,Rd,1 . 12834 N

Foxre =Min =min =12834 N
Foiraz 12892 N
F, 19280 N

tens,d

determination of the connection resistance

The load-bearing capacity must be reduced by 50 % as only one screw is applied in the connection (see
ETA-22/0789:2023 section 2.2)

F
FRd — a;Rd :12834 N :6417 N

verification
FEd < FRd
5250 N<6417 N

verification fulfilled (82 %)
If the connection is designed as suspended construction and the screw penetrates the element 2 less
than 70 % of its height, the load-bearing capacity in tension perpendicular-to-grain of element 2 must be
verified.

N
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Axially loaded screws

FULLY THREADED SCREWS LOADED IN TENSION

A.1.1.2 tension lap joint with inclined screws

d2c
+ + X
dy
+ +
d2c
¥

DETAILS

service class SC1

loading

Fe, =40 kN

(category A, duration of load medium-term)
construction elements

construction element 1: laminated veneer beech lumber
p, = 730 kg/m?, t. = 60 mm

construction element 2: solid timber C24, t, = 120 mm

Wood Screw C-FT-8x200/190

d=8 mm, /=200 mm, Ig= 190 mm

Ief’1 =75 mm, Ief’2 =115 mm,

d, = 15 mm, pre-drilled laminated veneer lumber made of beech

N
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Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE U

minimum spacing

(acc. to ETA-22/0789:2023, table A6.4)
a,=40mm >5-d=5-8=40 mm— OK
a,,=50mm >5-d=5-8=40mm — OK
a,=40mm >25-d=2.5-8=20 mm — OK
a,, =40 mm >4.d=4.8=32mm — OK

de termination of the load bearing capacity of the single screw

{head pull-through resistance in element 1}

£ withdrawal resistance in element 1

ax,Rd =min

withdrawal resistance in element 2
screw tension resistance

design value of the head pull-through resistance in element 1:

0 0.8 K
Fhead,Rd,‘l = ':;ead,k ) q.z (ﬁj 'ym_Od
M

f 12.4 N/mm? (acc. to ETA-22/0789:2023, table A6.7)

head,k

Py 730 kg/m? characteristic density of the timber element
k.., 0.8(SC1, duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
0.8
Fosgras =12.4-15%. 730 -£=3091 N
e 350 1.30

design value of the withdrawal resistance in element 1:

kp k
p mo
Fax,45,Rd,1 = fax,k,90 ’ kax ’ ksys' [ : j ’ d lef,1' <
pk,ref T'wm

f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a < 90°

ax

1.0 for laminated veneer lumber

sys

o} 730 kg/m? characteristic density of the timber raw material

Peer 390 kg/m? reference characteristic density of the timber raw material

kp 1.70 for diffuse porous hardwood and 0° < a < 90°

Iyt 1 75 mm

k.. 0.8(SC1,duration of load medium-term)

Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
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Axially loaded screws

FULLY THREADED SCREWS LOADED IN TENSION

A.11.2 tension lap joint with inclined screws

1.70
Foasrar=13.11.0-1.0 (%) - 8-75 -%: 16877 N

design value of the withdrawal resistance in element 2:

kp
P K
Fax,45,Rd,2 = fax,k,QO ’ kax. ksys' [p_k] - d- Ief,2' Y_Od
k,ref M

fkso 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

k 1.0 for 30°< a < 90°

k 1.0 for solid timber

k 1.10 for softwood and 15° < a < 90°

o} 350 kg/m? characteristic density of the timber raw material

Iy 115 mm

1.10
Foisme, =13.1:1.0-1.0 [%j . 8.115 .% _7417 N

design value of the screw tension resistance:

F _ I:tens,k

tens,d
Ym2

F, 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Yoo 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

- 24100 _ 49980 N
: 5
F
sl a2
F, r =Min FRet L — min = 7417 N
' [ 7417 N
[ 19280 N
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Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE B

determination of the connection resistance

F

ax,Rd =n

n0.9 80.9 6.5
Ny = max{ }: max{ }: max{ }: 7.2
0.9-n 0.9-8 7.2

u 0.3 friction coefficient between the timber members (acc. to ETA-22/0789:2023, section A7.1)

Foxre-(COSO+p-sina)

ef " Ta

F

ax,Rd

=7.2-7417 (cos(45) +0.3 -sin(45)) =49087 N

verification

FE,d = Fax,Rd

40000 N<49087 N
verification fulfilled (81 %)

ESSVE
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Axially loaded screws

FULLY THREADED SCREWS LOADED IN TENSION

A.1.1.3 CLT - solid timber ledger

u—100mm 100 mm DETAILS
1) service class SC1
loading
N F_,=5.0 kN =5000 N
| (category A, duration of load medium-
term)
|| * construction elements
Ia“ construction element 1: solid timber C24
] Fe;;: construction element 2: CLT
E screw
- = A: Wood Screw C-FT-8x220/210
h d=8mm, /=220 mm, /,, =103 mm,
— /efy2 =107 mm
v B: Wood Screw C-FT-8x160/150
e d=8mm, /=160 mm,/ , =90 mm,
Iy, =60 mm

minimum spacing screw B

(acc. to ETA-22/0789:2023 table A6.4)
a,,=40mm=>4.d=4.8=32mm — OK

action design value

screw A transfers the vertical force (mainly axially).

screw B transfers the moment tension force F_, , resulting from the eccentric load applica-
tion. In a simplified assumption, the height of the compressive stress block is taken to be 20 mm.
Fey- 0.5 bgr Fey-0.5-100

- _ =1705 N
@ hg —a,,—2/3-20 200 -40 —2/3-20

determination of the load bearing capacity of the screw A

withdrawal resistance in element 1
F.«rs = Min{ withdrawal resistance in element 2

a;

screw tension resistance

design value of the withdrawal resistance in element 1:

K

P | K.
Fax,45,Rd,A1 = fax,k,go' kax' ksys' ( ] - d /ef,1' —med
p k,ref 7™

fax’k’90 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)
k 1.0 for 30° £ a £90°
k 1.00 for solid timber

350 kg/m? characteristic density of the timber raw material

E;o
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Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE {B

Peer 390 kg/m? reference characteristic density of the timber raw material
k 1.10 for softwood and 15° < a < 90°

Iot 1 103 mm
k... 0.8(SC1, duration of load medium-term)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

350 )" 0.8
FX,45_Rd_A1 =13.1-1.0-1.00- (ﬁ) .8-103- m: 6643 N

a

design value of the withdrawal resistance in element 2:

k
P | k.
Fax,45,Rd,A2 = fax,k,90 ’ kax ’ ksys' [ J - d- Ief,2' —med
p k,ref T'wm

f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30° < a < 90°
k 1.10 for 3 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

o} 350 kg/m? characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a < 90
o2 107 mm

1.10
Foisrane = 13.1:1.0-1.10- (%J 8. 1o7.%= 7501 N

a

design value of the screw tension resistance:

F
F,,, = e - 2410049080 N
25

tens,d —
M2 1.

Fiens 24100 N (acc. to ETA- 22/0789:2023, table A6.1)
1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

YMZ

determination of the vertical component:

Fax,45,Rd,A1 6643
Fovasran =Min Fxssrapnzt =Min{7591 +=6643 N
F 19280

tens,d,A

Fran = Facasran - (COSQL+ - sina)

a

y 0.3 friction coefficient between the timber members (acc. to ETA-22/0789:2023, section A.7.1)
Frgn =6643-(cos45+0.3-sin45)=6106 N

13 TIMBR TECH



Axially loaded screws

FULLY THREADED SCREWS LOADED IN TENSION

A.1.1.3 CLT - solid timber ledger

verification screw A

Foy<F

Ed — " Rd,A

5000 N< 6106 N verification fulfilled (82 %)

determination of the load bearing capacity of the screw B

withdrawal resistance in element 1
F.re = Min{ withdrawal resistance in element 2
screw tension resistance

design value of the withdrawal resistance in element 1:

kP
P ] - Ly Knoa
P ref Y

F. f

ax,45,Rd,B1 = ax,k,90 ' kax ' ksys‘ [

f 13.1 N/mm? (acc. to ETA-22/0789:2023 table A6.1)

ax,k,90

k 1.0 for 30° < a < 90°

ax

k,,  1.00 for solid timber
o8 350 kg/m?® characteristic density of the timber raw material
Puer 390 kg/m? reference characteristic density of the timber raw material

kp 1.10 for softwood and 15° < a < 90°

Iy 90 mm
k.. 0.8(SC1,duration of load medium-term)
Y 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

design value of the withdrawal resistance in element 2:

K
P |’ Ko
Fax,45,Rd,Bz = fax,k,90 ) kax' ksys‘ [ : ] - d Ief,z' —med
P et Twm
f 13.1 N/mm? (acc. to ETA- 22/0789:2023, table A6.1)

ax,k,90

k 1.0 for30°<a<90°

ax

k 1.10 for 3 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

sys

o} 350 kg/m? characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a <90
lys 60 mm

350 0,8

1.10
F. =13.1-1.0-110- | — | -8:-60- ——=4256 N
350 1.30

ax,45,Rd,B2

TIMBR TECH

14



Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE \'B

design value of the screw tension resistance:

_ Fensk 24100

F =———=19280 N
1.25

tensd —

M2

F, 24100 N (acc. to ETA- 22/0789:2023, table AG.1)

tens,k

Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

Fax,45,Rd,B1 5804
Fssras = MiNg Fousress (= Miny 4256 ¢ = 4256 N
F 19280

tens,d,B

verification screw B

FEd S FRd,B
1705 N< 4256 N verification fulfilled (40 %)

ESSVE
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Axially loaded screws

PARTIALLY THREADED SCREWS LOADED IN TENSION

A.L.2.1 general - connection between two timber elements

DETAILS

service class SC1

loading

permanent load: F;, = 1.00 kN
variable load: FN’k =1.25 kN

(category A, duration of load medium-
term)

construction elements
construction element 1:

glue laminated timber GL24h
construction element 2:

solid timber C24

Wood Screw C-PT-8x260/100
- 2 screws, d =8 mm, / =260 mm,
di I, =1,=100 mm, d =15 mm

action design value

Feo =ve Fox T Yo F k=
1.35-1.00+1.5-1.25 =3.225 kN2 3225 N

determination of the load bearing capacity of the single screw

head pull-through resistance in element 1

F._ ..,=min withdrawal resistance in element 2

ax,Rd
screw tension resistance

design value of the head pull-through resistance in element 1:

0 08
Frcadrat = Feadx * dh2 (ﬁj . —mod

Tm
freaax  12:4 N/mm? (acc. to ETA- 22/0789:2023, table A6.7)
o} 730 kg/m? characteristic density of the timber element
k ., 0.8 (SC1, duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

N

TIMBR TECH



Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE {B

design value of the withdrawal resistance in element 2:

kp k
Fax,Rd,Z = fax,k,go' Ko ksys' [pp_k} d- Ly Ym_Od
k,ref M

fkso 10.9 N/mm? (acc. to ETA-22/0789:2023, table AG.2)
k. 1.0 for 30°< a < 90°

ws 1.0 for solid timber
o} 350 kg/m?® characteristic density of the timber raw material
Peer 390 kg/m? reference characteristic density of the timber raw material
k 1.10 for softwood and 15° < a < 90°

/ 100 mm

ef

a

1.10
Foo,=109-1.0-1.00- [ 222 " g.100. 28 _ 5366 N
R 350 1.30

design value of the screw tension resistance:

F _ Ftens,k

tens,d —
M2

F. 23300 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

ens.d = 23300 _ 18640 N
’ 5
Fhead,Rd,1 1853 N
Faxra =Miny K i, (=ming 5366 N =1853 N
F 18640 N

tens,d

determination of the connection resistance

FRd =Ny Ex,Rd

n, = r"® =2% =187
Fo, =1.87 1853 =3458 N

verification
F. <F

Ed — "Rd

3225 N< 3458 N

verification fulfilled (93 %)

If the connection is designed as suspended construction and the screw penetrates the element 2 less
than 70 % of its height, the load-bearing capacity in tension perpendicular-to-grain of element 2 must be

verified.

17
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Axially loaded screws

PARTIALLY THREADED SCREWS LOADED IN TENSION

A.1.2.1 general - connection between two timber elements

comparison of the load bearing capacity of different head types

countersunk head with

countersunk head washer head
washer type M
d, [mm] 15 20 28
f o i [N/mm?]
acc. to ETA-22/0789:2023, 12.4 17.6 13.7"
table A6.7 and A6.8)
1853 4676 7133

Fhead,Rd,1 [N]
Y according to Declaration of Performance DoP-220789







Axially loaded screws

PARTIALLY THREADED SCREWS LOADED IN TENSION

A.1.2.2 CLT-floor-wall-joint

DETAILS
a3c d service class SC1

| | | | loading
F., = 1.5 kN each screw

£
| | | E | (duration of load short-term /
| | | = | instantaneous according to

EN1995-1-1:2005)
ri construction elements
|

min construction element 1 and 2: cross
laminated timber

t =150 mm, p,_= 385 kg/m?

lg =les

Wood Screw C-PT-8x240/100
| d=8mm, | =240 mm,
lg = Ief =100 mm, dk =15 mm

Ay,q

=5

®
S ¥ e
|

15

minimum spacing

(acc. to ETA-22/0789:2023, table AG.5)
narrow face: a,, =75 mm=23.d = 3- 8= 24 mm— OK
wide face:a,, =75 mm=>6-d = 6- 8= 48 mm— OK

narrow face:t,=/ . =90 mm>10- d=10- 8= 80 mm— OK

determination of the load bearing capacity of the single screw

head pull-through resistance in element 1
Fore =Min withdrawal resistance in element 2

a

screw tension resistance

design value of the head pull-through resistance in element 1:

0.8
E - . d?2 [ P ) Kinoa
head,Rd,1 head,k h 350 Yu
freaax 124 N/mm? (acc. to ETA-22/0789:2023 table A6.7)
o} 385 kg/m? characteristic density of the timber element
k .. 0.9(SC1, duration of load short-term according to EN 1995-1-1:2005)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
_ 4£2[385)°° 09 _
Focaarar =12.4-15 (350j 130 2084 N

| 20



Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE Ul

design value of the withdrawal resistance in element 2:

kp k
p mo
Fax,Rd,2 = fax,k,90 ' kax' ksys' (p_k\] - d Ief' _Y_d
k,ref M

fax,ky90 10.9 N/mm? (acc. to ETA- 22/0789:2023, table A6.2)
k 1.0 for 30°< a = 90°

ax

k 1.13 for 5 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

sys

o} 350 kg/m?® characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material
k, 0.85 for softwood and 0° < a < 90°

/ 150 mm

ef

0.85
Fax,Rd,z=10-9‘1-0-1-13-[%J : 8-100~%:7397 N

design value of the screw tension resistance

F _ Ftens,k

tens,d —
Tme

F 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Yo 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
2410

tens,d = W = 19280 N
Frcad.ra 1 2084 N
Foxra =MiNy £ ryp ¢ =Min< 7397 N = 2084 N
Fons 19280 N
verification
FEd S ,:Rd

1500 N< 2084 N
verification fulfilled (72 %)

N
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Axially loaded screws

FULLY THREADED SCREWS LOADED IN COMPRESSION

A.1.3.1 general - fully threaded screw

@ DETAILS

service class SC1

loading

permanent load: F, = 2.50 kN
variable load: FN’k = 3.35 kN

e (category A, duration of load medium-
term)

S R g construction elements
glue laminated timber GL24h

Wood Screw CY-FT-10x260/248
O d=10mm, d =6.2 mm, / = 260 mm,
Ig = Ief =248 mm

action design value

Fea=%Ye Fox * Yo" Rk =
1.35-25+1.5.3.35=8.4kN 28400 N

determination of the load bearing capacity of the single screw

F

a

i withdrawal or push-in resistance
xRa buckling resistance
design value of the withdrawal resistance (pushing in):

kp
p K
Fax,Rd = fax,k,90 : kax : ksys : [_kJ -d- Ief - —fned
P ref Tm

fokso 12.5N/mm? (acc. to ETA-22/0789:2023, table A6.1)
k 1.0 for 30°< a < 90°
k 1.13 for 5 penetrated layers (acc. to ETA- 22/0789:2023, table A6.6)

o8 350 kg/m? characteristic density of the timber raw material

Peer 390 kg/m? reference characteristic density of the timber raw material

k, 1.10 for softwood and 15° < a < 90°

Iyt 1 248 mm

k . 0.8 (SC1, duration of load medium-term)

Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

a

1.10
Fri=12.5-1.0-1.13- 350 -10-248-£=21557N
’ 350 1.30

| 22



Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE Y\

design value of the buckling resistance:

pl.k

w1
f 950 N/mm?2 acc. ETA-22/0789:2023, table A6.1

vk

Fira =%¢"

Ny =+/Cy E, - I, =+/119.35-210000- 72.53 = 42636 N
90 +a
180

90+90

Ch=(0.19+0.012-d)-pk-[ j=(0.19 +0.012-10)-385-( J=119.35N/mm2

E, 210 000 N/mm?  acc. ETA- 22/0789:2023, table A6.1

_nd] n6.2

R =72.53mm*
64 64

/

Yo 1.00 (for stability failure of steel elements acc. EN 1993-1-1:2014, section 6.1)

F.. -065. 23681_ 18634 N
, 1.00

F 21557
F, rg =mind L= min =18634 N
' Fera 18634

determination of the connection resistance

The load-bearing capacity must be reduced by 50 % as only one screw is applied in the connection (see
ETA-22/0789:2023, section 2.2)

F
F. _Fons 18634 N

2 2

=9317 N

verification

FEd S FRd
8400 N<9317 N verification fulfilled (90 %)

23]



Axially loaded screws

FULLY THREADED SCREWS LOADED IN COMPRESSION

A.1.3.2 screw cross - single shear connection

DETAILS

service class SC1

loading

permanent load: FG,k =2.85 kN

variable load: FN‘k =4.10 kN

(category A, duration of load medium-term)
construction elements

construction elements 1 and 2:

solid timber, C24

Wood Screw CY-FT-8x260

(1 screw cross = 2 screws)

d=8 mm, /=260 mm, Ig =250 mm, d = 5.1 mm
Iy, =136 mm, [, =114 mm

TIMBR TECH



Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE UB

action design value

Feo =ve Fox t Yo Fnyx =
1.35-2.85+1.5-4.10=9.998 kN = 9998 N

determination of the load bearing capacity of the single screw

withdrawal or pushing in resistance in element (1)

F withdrawal or pushing in resistance in elementl (2)

ax45,rd — MIN

buckling resistance
screw tension resistance

design value of the withdrawal resistance (pushing in) in element 1:
o
Fax,45,Rd,1 = fax,k,90 : kax : ksys : (p_kj -d- Ief,1 : ﬁ
P ref Tm

frxeso 13-1 N/mm? (acc. to ETA- 22/0789:2023, table A6.1)
k., 1.0 for 30° < a < 90°

oys 1.00 for solid timber
o} 350 kg/m? characteristic density of the timber raw material
Puer 390 kg/m?® reference characteristic density of the timber raw material

k 1.10 for softwood and 15° < a £ 90°

p

Lot 1 136 mm
k ., 0.8 (SCH1, duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

1.10
FXAS,R(,J=13.1-1.o-1.00-[%j -8-136-%:8771N

a

design value of the withdrawal resistance (pushing in) in element 2:

kP
p K
Fax,45,Rd,2 = laxk,90 kax : ksys : [ : ] -d- lef,2 - —hod
P ref Tm

/ 114 mm

ef,2

1.10
F israz =13.1-1.o-1.10-[%] -8-114-%:7352

a

design value of the buckling resistance:
N,
pl,k

Y1

Firs =%¢"

25|



Axially loaded screws

FULLY THREADED SCREWS LOADED IN COMPRESSION

A.1.3.3 screw cross - single shear connection

1.0 fir A <0.2

K, - 1.0 . = 1.0

e ———  firam>02 — =0.59

K+ k% =iz 1.10++/1.10% - 0.92?
k=0.5- 1+ 0.49- (Xk - 0.2)+>T,fﬂ =0.5-[1+0.49- (0.92- 0.2)+ 0.92° | =1.10
19407 _ o,
N V22881
T d2

plk — 4 y,k = 4

f 950 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

vk
Ny =Gy E,- I, =~/75.08-210000- 33.2 = 22881N

¢, =(0.19+0.012-d)- p, - [92;0“

90+ 45

j=(o.19+o.012- 8)- 350-[ ): 75.08 N/mm?

E, 210 000ON/mm? acc. ETA-22/0789:2023, table A6.1

4 4
=2 ST 330 mme
64 64
Yo 1.00 (for stability failure of steel elements acc. EN 1993-1-1:2014, section 6.1)
N,
Fea=K, X - 0.59. @—11392N
Y 1.00
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Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE \B

determination of screw tension resistance:

F
,:tens,d = ek
Tmz
Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
=210 _ 45080
’ 1.25

design value of load bearing capacity of the single screw:

Foasrot 8771N
F 7352 N

F. isrg =Ming Z4R92 4 — min =7352N
4 [ 11392 N
Fiens g 19280 N

determination of the connection resistance

Fag =N Fayasrg COS( )

n 2, n = n for flexible jointing beams (acc. to ETA- 22/0789:2023, section A.6.1.1)

ef

Fes = 2 -7352-cos(45)= 10397 N

verification
FEd S FRd
9998 < 10397
verification fulfilled (96 %)
ESSVE
27|
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Axially loaded screws

SCREWS LOADED IN TENSION

A.2.1 general - axis-grain-angle 90°

DETAILS
service class SC1
® loading
permanent load: F; = 1.80 kN
variable load: F, = 1.20 kN

(category A, duration of load medium-
term)

l construction elements
construction element 1:
steel plate, t = 10 mm
construction element 2:
solid timber C24

lef = l.g

[©) Wood Screw C-FT-8x240/230
d=8mm, /=240 mm, /g =1,=230 mm

action design value

Feo =Ye Fox T Yo Fux =
1.35-1.80+1.5-1.20=4.23 kN

determination of the load bearing capacity of the single screw

withdrawal resistance
aRd 1 screw tension resistance

design value of the withdrawal resistance:

k
’ k
Fax,Rd = fax,k,QO : kax' ksys' (p_kJ ' d /ef' —med
Py ref Tm

foxeo 131 N/mm? (acc. to ETA-22/0789:2023, table A6.1)
K, 1.0 for 30°< a < 90°
ws 1.0 for solid timber
o} 350 kg/m? characteristic density of the timber raw material
Peer 390 kg/m? reference characteristic density of the timber raw material

k 1.10 for softwood and 15° < a £ 90°

Iy 230 mm
k .. 0.8 (SC1, duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

B
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Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE B

1.10
Forg =13.1-1.0- 110 3500 8 230 08 _ 14833 N
’ 350 1.30

a

design value of the screw tension resistance:

F _ Ftens,k

tens,d
M2
Fiensx 24100 N (acc. to ETA- 22/0789:2023, table A6.1)
1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
24100

tens,d — W

F 14833 N
Fax’Rd=min{ a*‘*“}:min{ 833 }:14833N

YMZ

=19280N

F, 19280 N

tens,d

determination of the connection resistance

The load-bearing capacity must be reduced by 50 % as only one screw is applied in the connection (see
ETA-22/0789:2023, section 2.2)

F.re 14833

F. = =090 _ 7417 N

verification

FEdSFRd
4230 N<7417 N

verification fulfilled (57 %)

ESSVE
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Axially loaded screws

SCREWS LOADED IN TENSION

A.2.2 general - axis-grain-angle 0°

DETAILS

service class SC1

loading

permanent load: Fe,k= 1.80 kN
variable load: F, = 1.20 kN

(category A, duration of load medium-
term)

s = g construction elements
construction element 1:
steelplate, t =10 mm
construction element 2:
solid timber C24

Wood Screw C-FT-8x240/230
d=8mm, /=240 mm, lg = Ief= 230 mm
2 screws

minimum spacing

(acc. to ETA- 22/0789:2023, table A6.4)
a,=40mm >2.5.d=2.5-8 =20 mm - OK
a,, =40 mm >4.d=4.8=32mm - 0K

Minimum penetration length of the screw at an angle of <15° between the screw axis and the grain direc-
tion (acc. to ETA-22/0789:2023, section A.2.2)

|-t=240-10=230 mm >20-d =20 -8 =160 mm —»OK

action design value

Fea=%Ye Fox + Yo" Rk =
1.35-1.80+1.5-1.20 =4.23 kN

determination of the load bearing capacity of the single screw

withdrawal resistance
R4 screw tension resistance

P | Koo
Fax,Rd = fax,k,QO : kax : ksys ( : T -d 'Ief : ¢
pk,ref Xn

f 13.1 N/mm? (acc. to ETA- 22/0789:2023, table A6.1)

ax,k,90

OO

OO

o

OO

Ky =03k o+ —(1-0.3k )= 03-1.0+ ——-(1-0.3-1.0) =0.3
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Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE ¢S

w10
o 1.0 for solid timber
P, 350 kg/m? characteristic density of the timber raw material
Peer 390 kg/m? reference characteristic density of the timber raw material
k, for softwood and 0° < a < 15°:
k,=1.25 0.05d= 1.25 0.06 8 0.85
I 230 mm
k ., 0.8 (SC1, duration of load medium-term)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

a

0.85
Fo=131.03-1.00- [ 320 .8 230 28 _ 4450 N
| 350 1.30

design value of the screw tension resistance:

F

_ "tensk
Ftens,d -
Ym2

F 24100 N (acc. to ETA- 22/0789:2023, table A6.1)

tens,k

Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
24100

tens,d = W

F 4450 N
F, g =Mminy *f t=min =4450 N
: F 19280 N

tens,d

=19280 N

determination of the connection resistance

FRd = nef ' Fax,Rd
n, n"®=2"=187
F., =1.87- 4450 N= 8304 N

verification

FEd < I:Rd
4230 N< 8304 N

verification fulfilled (51 %)
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Axially loaded screws

SCREWS LOADED IN TENSION

A.2.3 general - mainly axially loaded screw

DETAILS

service class SC1

loading

permanent load: F;, = 1.80 kN
variable load: F, = 1.20 kN

(category A, duration of load medium-
term)

construction elements
construction element 1:
steel plate, t = 10 mm
construction element 2:
solid timber C24

Wood Screw C-FT-8x240/230
d=8mm, /=240 mm,/ =/ =230 mm

action design value

FEdZYG'FG,k+'YQ'FN,k=
1.35-1.80+1.5-1.20=4.23 kN

determination of the load bearing capacity of the single screw

withdrawal resistance
aRd | screw tension resistance

design value of the withdrawal resistance:

kP
Fax,Rd = fax,k,QO ' kax : ksys : [p_k] : d ' Ief : M
P ref Twm
f 13.1 N/mm?2 (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a < 90°

ax

k 1.0 for solid timber

sys
o} 350 kg/m? characteristic density of the timber raw material
Puer 390 kg/m? reference characteristic density of the timber raw material

k 1.10 for softwood and 15° < a < 90°

p

I 230 mm
k... 0.8 (SC1, duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

1.10
Frs=13.1-1.0-1.10- 350 -8-230-£=14833N
’ 350 1.30

a
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Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE \l

design value of the screw tension resistance:
F

F _ " tensk
tens,d

M2

F, 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k
Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

24100

tens,d = W

F 14833 N
F, eg =mini “ft=min — 14833 N
: Frones 19280 N

=19280N

determination of the connection resistance

The load-bearing capacity must be reduced by 50 % as only one screw is applied in the connection
(see ETA-22/0789:2023, section 2.2)

F_ .- (cos(a)+p-sin(a
FRd — ax,Rd ( ( ) “ ( ))
2

M 0.3 friction coefficient between the elements timber and steel (acc. to ETA- 22/0789:2023,

section A.7.1)

14833 (cos(45)+pu-sin(45)) 13635

Rd — =
2

=6818 N

verification

FEd S FRd
4230 N<6818 N
verification fulfilled (62 %)
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Axially loaded screws

SCREWS LOADED IN TENSION

A.2.4 column support, steel plate with inclined screws

A
[
[[]]]
Dy

DETAILS

service class SC1

loading

maximum moment at support M_, = 456 kNm
accompanying normal force N_, = -217 kN
(duration of load short-term)

timber column

glue laminated timber GL24h

B =260 mm, H=880 mm

b.s = 100 mm, t =20 mm

Wood Screw C-FT-10x350/326
d=10 mm, /=350 mm, /=326 mm
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Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE {

determination load bearing capacity of gross section

2
c c
c0d | | Zmyd 4
f::,O,d f, m.y.d

f 24 N/mm?, characteristic bending strength

m,y,k

k 0.9 (SC1, duration of load short-term)

mod

Yu 1.25 (for glue laminated timber acc. to EN 1995-1-1, table 2.3)

Froya = Ty " Kinog =24. 29 _17 3N/mm?
v R 1.25
f.oa 24 N/mm? characteristic compressive strength parallel to grain
froa=TFox Hinc ~24. 29 _17.3N/mm?
R 1.25
A gross cross section

gross

A, . =B-H=260- 880= 228800 mm?

gross

B-H* 260- 8807

W, oes = =3.36-10" mm?
S 6 6
0,, designvalue of the bending stress
6
Omye= s - 49610 43 6 Njmms

W 3.36-107

gross

o

.0q design value of the compressive stress

Ny, 217-10°
o0d A 228800

gross

2
0.9 j N 13.6 <1
17.3 17.3

0.00+0.79<1

G =0.9 N/mm?

determination of the load bearing capacity of the single screw

F

a

in withdrawal resistance
xRd screw tension resistance

design value of the withdrawal resistance:

k
P ' kmo
Fax,45,Rd = fax,k,90 ’ kax ’ ksys' [p j - d Ief' y_d
k,ref M

verification fulfilled (79%)

35|
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Axially loaded screws

SCREWS LOADED IN TENSION

A.2.4 column support, steel plate with inclined screws

f 12.5 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a = 90°

ax

k 1.15 for 6 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

sys

Py 350 kg/m? characteristic density of the timber raw material

Peer 390 kg/m? reference characteristic density of the timber raw material

k, 1.10 for softwood and 15° < a < 90°

I 326 mm

k o 0.9 (SC1, duration of load short-term)

Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

1.10
Fiione =12.5-1.0- 1.15. (%] .10 326 %: 36029 N

a

design value of the screw tension resistance:

F
Fronsa = —22K = —410220 = 32000 N
M2 '

F, 40000 N (acc. to ETA- 22/0789:2023, table A6.1)

tens,k

Yy 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

F
—min{ 2R - min 36029 NI _ 39000 N
F 32000 N

tens,d

F

ax,45,Rd

determination of the vertical force component of the design value of the single screw (mainly axially load-
ed), see equilibrium of forces of the screw:

- Faxasra - SINQL

Fax,45,Rd

Forg = Faxasra (cosa+p- sina)

a

g 0.3 friction coefficient between the elements timber and steel (acc. to ETA-22/0789:2023,
section A7.1)

F,re =32000- (cos 45+ 0.3 -sin45) =29416 N

0
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Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE {

determination of required number of screws and the screw assembly

The screw connection must fulfill the following conditions:
FO,Ed SNy FO,Rd

F,eq  corresponds to the tensile force Z;. The normal force N, leads to a compressive force in the
cross section and possibly to a reduction of the tensile force in the steel outer plate. Conserva-
tively, this compressive force is not taken into account for the verification of the tensile load of the
screws.

MEd

FO,Ed =

The length /_  of the area subjected to the compressive force D, is assumed to be 0.25-H. This results in
the assumption of the length e for the lever arm.

I
!

|
i !
I !
| !
| o | o
I\ |~
SN\ b | NN R
ENANN ENANAN
[ NN [ANANAN
AR [ NN
SN\ NN
NN NN
I N\ | A
] N : N
| |
| _l]]}]]]'_l_

I

Dy | Zy
Zd . e )

simplified assumption

e=H—by, —1—880-100- 8% _ 560 mm
4 4

6
Fre = 4510 gta00

_ Fos _ 814000

= = 27.7
Fong 29416
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Axially loaded screws

SCREWS LOADED IN TENSION

A.2.4 column support, steel plate with inclined screws

In accordance with the minimum spacing a, ; and a,, as well as a, (acc. to ETA-22/0789:2023, table
A6.4), the number of screws perpendicular (n,,) and parallel (n,) to the grain direction is selected as fol-
lows:

n,  Sscrews

n, 7 screws

n=ny,-n,=5 7= 35 screws

this results in the following spacing:

a,,=4-d=4-10=40 mm

a,=(B-2-a,,)/(ng, —1)=(260-2- 40)/ (5—-1)= 45 mm

a,-a, >25-d” =25-10% = 2500 — a, > 56 mm (selected 60 mm)
n (acc. to ETA-22/0789:2023, section A.6.1.1)

ef

09 24.
n, =max " }:max 5}:31.5
0.9-n 31.5

FO,Ed < N - FO,Rd

814000 N<31.5-29416 =926593 N o )
verification fulfilled (88 %)

verification of compression parallel-to-grain close to end grain

Ocoea S Foog
fos=Fok- Kino =24. 0.9 =17.3 N/mm?
o Y 1.25
foq 24 N/mm? characteristic compressive strength parallel to grain

k 0.9 (SCH1, duration of load short-term)
Yu 1.25 (for glue laminated timber acc. to EN 1995-1-1, table 2.3)

B D, +Dy4
OcoEd = (B- /c,O)

The design load part D, , of the acting normal force N, is assumed according to the proportion of the as-
sumed area subjected by compression, load A,,, of the total cross sectional area A__:

A,=(H-2-By)B=(880-2-100)-260 =176800 mm?

A,-1.B 8;&- 260 = 57200 mm?

57200

Dy, = Ny, -M ~217.10° 6800

=70206 N
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Axially loaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE {

verification:
s _ 814000 + 70206
0B (260-560)

=6.1N/mm2<17.3 N/mm?

verification fulfilled (35 %)

determination of block shear failure

The verification of block shear failure of connections is made acc. to EN 1995-1-1 annex A.

1.5 At fio
R max |07 0 )
L .. =/-sino—t=350-sin45-10=237 mm

net,t

At = Lo B =237 260= 61747 mm?

Loy =(ng —1)-a, +( - cosa—10)+a = (7— 1)- 60+ (350- cos45—10)+ 60= 667 mm

Aoty =Loey, B =667-260= 173547 mm?
fioa="Fox Koo =19.2 09 =13.3 N/mm?
SR v 1.30
k .. 0.9 (SC1, duration of load short-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
fo="F, Koo =25 0.9 =1.73 N/mm?
’ T Y 1.30
1.5-.61747-13.3 1231853
F. gy = Max = max = 853 N
beRd {0.7. 173547 1.73} { 210259 } 1231
verification
Foei<F

0,Ed — 7 bs,Rd
814000 N<1231853 N
verification fulfilled (66 %)

Additionally, the load-bearing capacity of the steel plates and the connection to the foundation must be
verified in accordance to the relevant standards.
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Axially loaded screws

REINFORCEMENT

A.3.1 support - reinforcement for compression perpendicular

to grain
DETAILS
service class SC1
’ e » loading

permanent load: F;, = 25.0 kN
variable load: F = 47.5 kN

(category A, duration of load medium-
term)

construction element

glue laminated timber GL24h

timber cross section and support area
B =140 mm, H = 340 mm,

support length / = 140 mm

Wood Screw CY-FT-8x220/210

HJ}H d=8mm,lg=lef=210mm,di=5.1mm
4 screws
H
fe minimum spacing
(acc. to ETA-22/0789:2023, table A6.4)
2! 13 a,=80mm=z25-d=5"-8=40 mm — ok
a0 @ A a,=70mmz225-d=25-8=20mm — ok
B a,,=35mmz24- d=4-8=32mm — ok

action design value

Feo =Ye Fox t Yo Frne =
1.35-25.0+1.5-47.5=105.0kN£ 105000 N

determination of load bearing capacity of compression perpendicular to grain without reinforcement

k

— mod
FC,QO,Rd - kc,go : B1 ’ /ef ’ fc,go,k '

k.o 1.75for glue IaminateMd timber acc. to EN 1995-1-1, section 6.1.5(4)

B, 140 mm (minimum of the width of the timber and the width of the support)
I effective contact length of the support acc. to EN 1995-1-1, section 6.1.5(1)
l,=14+2-30=140+2-30=200 mm

f. 2.5 N/mm? for glue laminated timber It. EN 14080:2013

k... 0.8(SC1, duration of load medium-term)

Yu 1.25 (for glue laminated timber acc. to EN 1995-1-1, table 2.3)

90,k

By
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Axially loaded screws

CALCULATION EXAMPLE vV

:1.75'140-200-2.5-£:78400 N
1.30

Fc,QO,Rd

verification without reinforcement:

=1.75-140. 200. 2.5 Ez 78400 N
1.30

FEd < Fc,QO,Rd
105000 N > 78400 N

verification not fulfilled (134 %)

A reinforcement is required.

load bearing capacity of compression perpendicular to grain with reinforcement

k Fax,Rd
mod H
kc,9o ’ B1 ’ /ef,‘l ’ fc,go,k ’ +n-min Npl,k
— 1 M
Fc,go,Rd =min Ywt
K
mod
Bz ’ lef,2 ’ f;:,90,k ’
M

design value of the withdrawal resistance (pushing in):

Ko
p Kino
Fax,Rd = f;x,k,QO : kax : ksys ' ( X ] ' d ' /ef ' s

P ret "m

f ko0 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

- 1.0 for 30°< a < 90°

Ky 1.15 for 6 penetrated layers (acc. to ETA- 22/0789:2023, table A6.6)

o8 350 kg/m? characteristic density of the timber raw material

P rer 350 kg/m? reference characteristic density of the timber raw material

k, 1.10 for softwood and 15° < a < 90°

I 210 mm

K o 0.8 (SCA1, duration of load medium-term)

Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
385 1.10 08

Firg =13.1-1.0-1.15- (%j - 8- 210- m=17296 N

]



Axially loaded screws

REINFORCEMENT

A.3.1 support - reinforcement for compression perpendicular

to grain

design value of the buckling resistance:

Fira = K¢ —BL
w1
1.0 fur A« £0.2
K. = 1.0 1.0 =0.63

* 7| ——F——= firn>02(" 4 006+ 1.006% - 0.8377
kK2 -0
k=0.5- [1+o.49-(ik —0.2)+Kk2| =0.5-[1+0.49-(0.837 -0.2) +0.837" | =1.006
- [N
A = |2K =1/19407 =0.837
N V27711
d2

2
T 5'41 -950=19407 N

N =9
I,kn4

p y.k

f 950 N/mm? acc. ETA-22/0789:2023, table A6.1

y.k

Ny =+/Cy E, -1, =+/110.1- 210000 33.2 = 27711N

90 +a

Ch=(0.19+0.012~d)-pk( 0 90+ 90

J: (0.19+0.012. 8)- 385( j=11o.1 N/mm?

E, 210000 N/mm? acc. ETA-22/0789:2023, table A6.1)

. 4 . 4
=T T 5T 330 mm
64 64

Yur 1.00 (for stability failure of steel elements acc. EN 1993-1-1:2014, section 6.1)

19407

Firs =0.63- 1

ki,Rd

=12402 N

determination of load bearing capacity of compression perpendicular to grain at the depth of the screw tips:
F f mod

c,90,Rd,2 — Bz : /ef,2 “legok

M

Iy effective length at the depth of screw tips - for an intermediate support acc. to ETA-22/0789:2023
section A.8.1

lef’2 =21, +(n,-1)-a,=2-210+(2-1)-80 =500 mm

F. 00me, = 140-500- 2.5.% 112000 N

C,

|



Axially loaded screws

CALCULATION EXAMPLE v

determination of the connection resistance

n number of reinforcement screws perpendicular and parallel to grain

n=n,-Nny,=2-2=4

78400+ 4- min| 17296
12402 )1 =112000 N

Fc,QO,Rd =min
112000

verification

FEd < Fc,QO,Rd

105000 N<112000N

verification fulfilled (94 %)
ESSVE
43|
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Axially loaded screws

REINFORCEMENT

A.3.2 reinforcement of openings

DETAILS
A service class SC1
possible crack building =] A-A loadi ng

bending moment: M, = 16 kNm
ho lateral force: V, = 20 kN

(duration of load medium-term)
i hs  construction element

glue laminated timber GL24h
i h =240 mm, h, =70 mm

h, =h_ =85mm

Ief,1

fef 2

|

load bearing capacity of the reinforcement of the opening

Wood Screw CY-FT-8x200/190
d=8 mm, /=200 mm, Ig= 190 mm
Ief_1 =75 mm, lef,2 =125 mm

2 screws each side of the opening

The reinforcement of the opening is verified acc. to ETA-22/0789:2023, section A.8.2.2)

Ft,V,d +Ft,M,dSFax,Rd
FW' 4 tension perpendicular to grain as a result of the lateral force v,
. 2 . 2
F - Vo hy 3_’7% _20000-70 (o 707 ) o0
o 4-h h 4. 240 2407
F..a tension perpendicular to grain as a result of the bending moment M,
Fima =0.008-I\i/7lOI =0.008 % =1506 N

r

determination of the load bearing capacity of the screws:

F
. ax,90,Rd
Fax,Rd =Ny, m'n{ E

tens,d

design value of the withdrawal resistance:

K
P | Ko
Fax,QO,Rd = fax,k,90 ’ kax' ksys' [ : J - - Ief' —mned
P ref Y
f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a < 90°

ax

TIMBR TECH
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Axially loaded screws

CALCULATION EXAMPLE vV

k., ~ 1.06 for 2 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)
o} 350 kg/m? characteristic density of the timber raw material
Puer 390 kg/m? reference characteristic density of the timber raw material

kp 1.10 for softwood and 15° < a < 90°

I min{l_,; I..,} =75 mm
k ., 0.8 (SC1, duration of load medium-term)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
385" 0.8
F =13.11.0-1.06 | —| -8:75-——= 4 N
80K (350) 130 207

design value of the screw tension resistance:

_ o _ 24100 19280 N
1.25

F

tens,d —
)

F 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

determination of the resistance of the screws

Ny, =2

.| 5694
F ..=2 min = 2 = N
xR { 1928 O} 5694= 11388

verification

4375+ 1506 =5881N <11388 N

verification fulfilled (52 %)
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Axially loaded screws

REINFORCEMENT

A.3.3 reinforcement of a connection loading the timber

perpendicular to grain

DETAILS
service class SC1

loading

Fgoeq = 10 kN

(duration of load medium-term)
construction element

glue laminated timber GL24h

h h =240 mm, a =120 mm

lef2
ro

lef,1

Wood Screw CY-FT-8x200/190

a d=8 mm, /=200 mm,

Iet1 =110 mm, Ief,2 =80 mm

2 screws each side of the transverse
connection

load bearing capacity of the reinforcement of the connection loading the timber perpendicular

to grain
The reinforcement of the opening is verified acc. to ETA- 22/0789:2023, section A8.2.1

2 3
a a
F90,Ed ’ |i1_ 3 [Fj + [Fj] SFax,Rd

determination of the load bearing capacity of the screws:

F
. ax,90,Rd
Fax,Rd =Ng, m'n{ E

tens,d

design value of the withdrawal resistance:

k
Pk ’ km
Fax,QO,Rd = fax,k,90 ’ kax' ksys' (p ] - d /ef' y_w
k,ref M

f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a £ 90°

ax

Ky 1.06 for 2 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)
o} 385kg/m? characteristic density of the timber raw material
Peer 390 kg/m® reference characteristic density of the timber raw material

kp 1.10 for softwood and 15° < a < 90°

I min{l_,; /.. ,} = 80 mm
k .. 0.8 (SC1, duration of load medium-term)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

TIMBR TECH



Axially loaded screws

CALCULATION EXAMPLE v

385)" 0.8
F =13.1-1.0-1.06- | — .8.80- ——=
ax,90,Rd (350) 130 6073 N

design value of the screw tension resistance:

F _ Ftens,k

tens,d —
Tme

24100

tens,d = W

=19280 N

Finsx 24100 N (acc. to ETA-22/0789:2023, table A6.1)
1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

YMZ

determination of the resistance of the screws

Ngy =2

a

F . =2mi
R m"1{19280

6073} — 2.6073= 12146 N

verification

2 3
10000- | 1-3- 120 + 120 <12146
240 240

5000 N<12146 N

verification fulfilled (41 %)

ESSVE
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Axially loaded screws

REINFORCEMENT

A.3.4 reinforcement of a notch

DETAILS

pa— service class SC1

e loading

le2 support load A; = V,= 10 kN

h (duration of load medium-term)

e construction element

Ay | glue laminated timber GL24h

h =240 mm, h_ =120 mm, b =120 mm

31,0

Wood Screw CY-FT-8x180/170
d=8 mm, /=180 mm, Ig =170 mm,
Ieﬁ1 =110 mm, lef,2= 60 mm

2 screws

¥ [

4!

Qe a | a

minimum spacing

(acc. to ETA- 22/0789:2023, table A6.4)
a,, =50 mm25-d=58=40 mm — ok
a,=50mm =2 2.5-d=2.5-8 =20 mm — ok
a,,=35mmz24-d=4-8=32mm — ok

load bearing capacity of the reinforcement of the notch

The reinforcement of the notch is verified acc. to ETA-22/0789:2023, section A.8.2.1

2 3
1.3-vd-[3(1—%j —2.(1—h;f j }s Fra

determination of the load bearing capacity of the screws:

F
. ax,90,Rd
Fax,Rd =Ng, m'n{ E

tens,d

design value of the withdrawal resistance:

k.
P | k.,
Fax,QO,Rd = fax,k,90 ’ kax ’ ksys ’ ( J -d- lef' —med

P ref Twm
f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a < 90°

ax

Kk 1.06 for 2 penetrated layers (acc. to ETA- 22/0789:2023, table A6.6)

sys

o8 385kg/m? characteristic density of the timber raw material

|



Axially loaded screws

CALCULATION EXAMPLE v

Peer 390 kg/m? reference characteristic density of the timber raw material
k 1.10 for softwood and 15° < a < 90°

p

I min{l_,; /.. ,} = 80 mm
k.. 0.8 (SC1,duration of load medium-term)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
385)"° 0.8
F =13.1-1.0-1.06- | — | -8-60- —=
ax,90,Rd (350j 130 4555 N

design value of the screw tension resistance:

_ Fone _ 24100 19280 N

&, 1.25
F_ . 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Yoo 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

F

tens,d —

determination of the resistance of the screws

Ny, =2
. | 4555
F . =2 =24 =9110 N
axRd m|n<’l19280} 555=9110
verification
2 3

1.3-10000- | 3- 1—@ -2 1—@ <9110

240 240

6500 N<9110 N

verification fulfilled (71 %)
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Axially loaded screws

REINFORCEMENT

A.3.5 reinforcement of a double tapered beam

aap
< »
15 m
DETAILS
service class SC1
loading

bending moment Map,d =375 kNm
(duration of load medium-term)
construction element

glue laminated timber GL24h

hap =820 mm, h_ =300 mm,

b =160 mm, aap=4°

Wood Screw C-FT-12x700/680
S screws, a, = 250 mm

load bearing capacity (tension perpendicular to grain) in the apex zone without reinforcement

The verification is made acc. to EN 1995-1-1, section 6.4.3.

Cro0d = Kas " Ko ft,QO,d

6-M,
G904 = kp' b-h p’2d
ap

h,, h, Y
k, =Ks+Kg- . + k- .

This term is omitted because it is

a beam with a straight lower edge

TIMBR TECH



Axially loaded screws

CALCULATION EXAMPLE v

ks =0.2-tan(a,, ) =0.2- tan(4°) =0.0140

k, = ks, =0.0140
6
61005 =0.0140. 8375 10%_ 5 595 Nimme
e 160- 820
K. 1.4 for double tapered beams with straight lower edge
"4 volume of the apex zone loaded in tension perpendicular to grain [m?]
V,, h,’-[1-2:0.25-tan(a,, ) | b-10°°
V =min =min
Z'Vb E-hap_hs~b-L-1O_9
3 3 2

820-[1-2-0.25-tan(4) |-160-10"°

V =min _ =
Z-M-15000-160-10‘9

37 2
3

—mint 9196 ™ _ 4 406 m?
0.416 m?

K v, 2 for glue laminated timber
ax V
0.2 0.2
Koo = ﬁ = ﬂ =0.624
4 0.106

feox  0.50 N/mm? (acc. to EN 14080:2013)
K 0.8

f = .—mod — () 50. —— =0.31 N/mm?

t,90,d 1,90,k YM 1 30

Kys " Koo T g0q =1.4-0.624-0.308 =0.269 N/mm?
verification

0.292<1.4-0.624-0.31
0.292 N/mm? > 0.269 N/mm?

verification not fulfilled (109 %)

A reinforcement in the apex zone of the double tapered beam is required.
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Axially loaded screws

REINFORCEMENT

A.3.5 reinforcement of a double tapered beam

tension perpendicular to grain load bearing capacity in the apex zone with reinforcement

The verification is made acc. to prEN 1995-1-1:2025

F.4 action design value on each screw (n = 5)
Gig0q° b- @

Fieoa = —t,go,dn !

Fioos = 0.293- 1560- 250 _ 11700 N

determination of the load bearing capacity of the screws:

tens,d

F
. ax,90,Rd
Fax,Rd =Ny, - m'n{

design value of the withdrawal resistance:

k
P | Ko
Fax,QO,Rd = fax,k,90 ’ kax' ksys. [p J -d lef. Y_d
k,ref M

fkso 11.2 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

k 1.0 for 30°s a < 90°

k 1.15 for = 6 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)
o} 380 kg/m?3 characteristic density of the timber raw material

Peer 390 kg/m? reference characteristic density of the timber raw material

k 1.10 for softwood and 15° < a < 90°

I 280 mm
k.. 0.8 (SC1,duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
1.10
385 0.8
F =11.2-1.0-115. | =— | -12. 280 ——=
ax,90,Rd (350] 130 29575 N

| s



Axially loaded screws

CALCULATION EXAMPLE v

design value of the screw tension resistance:

F
_ e 29790 _ 57360 N
25

w2 1.

F

tens,d —

F 46700 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Ywo  1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

determination of the screw resistance

F . =mi -
R mm{37360} 29575 N

verification

Ft,90,d < FRd
11700 N< 29575 N

verification fulfilled (40 %)
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Laterally loaded screws

PARTIALLY THREADED SCREWS

B.1.1.1 general - connection between to timber elements

o= 90°, € = 0°)

DETAILS
service class SC1
loading

L— @ F., = 1500 N per screw
(duration of load medium-term)

construction elements
construction element 1:

solid timber, C24, t = 30 mm
construction element 2:

/ solid timber, C24

Wood Screw C-PT-8x180/100

Fy<—o d=8mm,/=180mm,lg=100mm,

@) d =15 mm,/ =100 mm

spacing between screws

a, =250 mm 2 25:d =200 mm — n_=n

determination of embedment strength and yield moment

(acc. to ETA-22/0789:2023, section A.6.2.3)
a 90°, axis-grain-angle
€ 0°, load-grain-angle
fh,k = ka ) k[s ) ks ) fh,k,ref
_ 1 3 1
“ " 25.cos’(a)+sin (o) 2.5 cod (90)+ sif (90)
k 1.0

B
k, =Kg,- cos®(g)+ sirf (¢)

X

=1.0

_ ]1.10 in the member of the head side — k_, =1.10-cos?(0) +sin*(0) =1.10
* " 11.20 in the member of the tip side ~ — k_, =1.20-cos?(0) +sin*(0) =1.20

o} 350 kg/m? characteristic density of the timber element

wer  Characteristic reference embedment strength of non-predrilled timber elements

forrer =0.082:p, -d 0% -0.082-350- 8 °° = 15.4 N/mm?

i1 =1.0-1.0-1.1.15.4 =16.9 N/mm?

fiv2=1.0-1.0-1.2.15.4 =18.5 N/mm?

M 22.6 Nm = 22600 Nmm, characteristic yield moment (acc. to ETA-22/0789:2023, table A6.2)

v,Rk
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE B

determination of the load bearing capacity of the single shear timber to timber connection

(acc. to EN 1995-1-1, section 8.2.2 with equation 8.6)

f
gtz 185 _4 49
fo, 16.0

Firoa (a)
Fyrap (b)
Fyrac + AFy gy (€)
Firea + AFy g (d)
Fyrae + AFy g4 (€)
Fyras + AFygq (f)

FVRd =min

load bearing capacity of the single shear timber to timber connection:
Fyrea =fhqxt-d =16.92- 30- 8= 4060 N  (a)

Fomen =foon -, d = 18.46- 150. 8= 22147 N (b)

fted | b [t (6 oo (] p.ast
Foree = 5P .L\/ﬁ+2-[3 {HQJF[Q]}FB [t1] [3[1+t1J

2 2
ZM 1.09+2-1.09%. 1+@+(@j +1_093.(@j _1_09.(1+@j
1+1.09 30 30 30 30

=7403N (c)

_ ﬁ],1,k't1'd 4'B'(2+B)'My,Rk
Fv,Rk,d—1-05'W'[\/2'B'(1+B)+ fh,1,k'd't12 _B]

.30- 4.1.09-(2+1.09)- 22600
~105.16:9:30°8 J2-1.09-(1+1.09)+ (2+1.09) ~1.09
2+1.09 16.9-8-30
_2161N  (d)
fo.t-d 4.8-(112-B)-M
FVRke :105 h1,k *2 . 2B2(1+B)+ B ( B)z y,Rk _B
o 1+2-B foa-d-t,
. . 4.1.09-(1+2-1.09)- 22600
~1.05.109:150-8 \/2-1.092-(1+1.09)+ (1« ) ~1.09
1+2-1.09 16.9-8-150
_7791N  (e)
55]
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Laterally loaded screws

PARTIALLY THREADED SCREWS

B.1.1.1 general - connection between to timber elements

b=90°¢ =0°)

/2-[3
Fyres =115 m \/2' My,Rk'fm,k'd

-1.15. 2'1'09-\/2.22600-16.9.8
1+1.09
=2906 N ()

load bearing capacity of the rope effect:
F
AF, zg = Min {F\,’Rd; a’jTRth

head pull-through resistance in element1
Fore =Min withdrawal resistance in element 2
screw tension resistance

determination of head pull-through resistance in element 1:

0.8
p
Fax,Rk,1 = fhead,k ’ dh2 ’ ( : ]

pk,ref
freaax 124 N/mm? (acc. to ETA- 22/0789:2023, table A6.7)
Py 350 kg/m? characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material
Foiris =12.4-15%.1.0= 2790 N

a

determination of withdrawal resistance in element 2:

kp
Fovricz = oo Kax - ksys : (p—kJ -d-

pk, ref

fax’k’% 10.9 N/mm? (acc. to ETA-22/0789:2023, table A6.2)
k 1.0 for 30°< a < 90°
k 1.00 for solid timber

o} 350 kg/m? characteristic density of the timber raw material

Per 390 kg/m? reference characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a < 90°
I 100 mm
1.10
Fixre2 =10.9-1.0-1.00- 3501 g.100-8720 N
” 350

.
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE

determination of screw tension resistance:
Fiensx 23300 N (acc. to ETA- 22/0789:2023, table A6.2)
design value of the load bearing capacity of the single screw:

Frcadra. Freaarir” HKnoa I Tu
Fira =mMing Furao p=miny F oo Koo/ Yy
Fiens.a Fonsi ! Yz
k.. 0.8(SC1, duration of load medium-term)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
Yoo 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
2790-0.8/1.30 1717
F.yre =Min{8720-0.8/1.30 f =min{ 5366 (=1717 N
23300/1.25 18080

design value of the load bearing capacity of the rope effect:
F, F
AF, oy =miny _ YR A—miny R
‘ 171714 429 N

design value of the load bearing capacity of the single shear timber to timber connection:

Forca Kmos Ym  (a) 4060-0.8/1.30 (a)
Fureo  Kmoa ! T (b) 22147-0.8/1.30 (b)
F, ., — min Fue Knoa ! T+ AFyge (€) | _ . |7408-0.8/1.30+ 429c)
' Fures Kmoa ! i + AFy g (d) 2161-0.8/1.30+ 429 (d)
Furce Kmoa ! Yu + AFy g (€) 7791.0.8/1.30+ 429 (e)
Foges Kmoa I Y+ AFy g (f) 2906- 0.8 /1.30+ 429 (f)
2499 (a)
13629 (b)
_min{ 1988 O _ 1759 N
1759 (d)
5224 (e)
2217 (f)
verification
FEd = FV,Rd

1500 N<1759 N

verification fulfilled (85 %)

B}
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Laterally loaded screws

PARTIALLY THREADED SCREWS

B.1.1.2 CLT-wall corner

$ DETAILS
service class SC1
| | | NC) @ .
agt ast M
F., = 1500 N per screw

(duration of load short-term /

Iy — instantaneous according to
t EN 1995-1-1)

j;j — construction elements

150 mm
¢
iy

construction element 1 and 2:
I cross laminated timber
t=150 mm, p, = 385 kg/m?

Wood Screw C-PT-8x240/100
150 mm d=8 mm, /=240 mm, Ig=lef= 100 mm
d =15 mm

minimum spacing and minimum penetration length

(acc. to ETA-22/0789:2023, table A6.5)

narrow face: a,, =75 mm=>5-d = 5- 8= 40 mm— OK

wide face:a,, =75 mm=>6-d = 6- 8= 48 mm— OK

narrow face: t,2 /. =90 mm>10- d=10- 8= 80 mm— OK

2= "min
determination of embedment strength and yield moment

(acc. to ETA-22/0789:2023, section A.6.2.3)
narrow face: f, ,, =20-d *°= 20-8 *°= 7.1 N/mm?

wide face:

a 90°, axis-grain-angle

€ 0°, load-grain-angle

f;\,k = ka ’ k[i : ks ) fh,k,ref

k = L = ! =1.0
“ 25.cos’(a)+sin*(a) 2.5 cos?(90)+ sin?(90)

Kk 1.0

B

k, =kgy- cOS’ (¢ )+ sin’(e )

kg =1.10 in the member of the head side — k. =1.10- cos®(90)+ sin?(90)= 1.00
o} 385 kg/m? characteristic density of the timber element

fer Characteristic reference embedment strength of non-predrilled timber elements
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE S

fiwrer = 0.082-p, -d 93 -0.082-385- 8 ** =16.9 N/mm?
fik2=1.0-1.0-1.0-16.9 =16.9 N/mm?
My,Rk 22.6 Nm = 22600 Nmm, characteristic yield moment (acc. to ETA- 22/0789:2023, table A6.2)

determination of the load bearing capacity of the single shear timber-to-timber connection

(acc. to EN 1995-1-1, section 8.2.2 with equation 8.6)
b= M 169

= =24
foaw 71

Fv,Rd,a (a)

Fyrap (b)
Fygrae + AF R4 (C)

Fyraa+ AFre (d)
Fyrae + AFyrq (€)
Fyras + AFra ()

F, rq = Min

load bearing capacity of the single shear timber-to-timber connection:
FV,Rk,a =fh,1,k't1' d=7.1150 8= 8485 N (a)

FV,Rk,b :fh,z,k'tz'd= 16.9- 90- 8= 12181N (b)

e prao 1o o (2] o (14)
1 1 1 1

2 2
1508 1y 042,042,140 20 [0 T 045 (20} 041,20
1+ 2.4 150 (150 150 150
~=4070N (c)

F rea :1-05'W'[\/2~B~(1+B)+ 4‘B‘(Z+B)'My,Rk _B]

2+ fh,1,k'd't12

: . 4.24.-(2+2.4)-22600
_105./:1:150-8 \/2.2_4.(1+2_4)Jr (2+ )2 o4

2+24 7.1-8-150
~3505N (d)
F :105M 2B2(1+B)+4B(1+2B)MYRK —B
VRie 1+2-B fie-d-t,?

-90- 4.2.4.-(1+2-2.4)- 22600
_1.05. 11908 \/2-2.42-(1+2.4)+ (1+ 2 _oa

14224 7.1-8-90

—3747N (e)
59|
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Laterally loaded screws

PARTIALLY THREADED SCREWS

B.1.1.2 CLT-wall corner

2.
Faee =115 \/14_[[33 ’ \/2' M, qic- - d

-1.15. 2'2'4«/2-22600-7.1-8
1+2.4
=2184N (f)

load bearing capacity of the rope effect:

E
AFv,Rd = min{FV,Rd,i; aZRd}

head pull-through resistance in element1
Foxrg =Min withdrawal resistance in element 2
screw tension resistance

determination of head pull-through resistance in element 1:

p 0.8
Fax,Rk,1 :fhead,k'dhz'( . J

k,ref

freaax 124 N/mm? (acc. to ETA- 22/0789:2023, table A6.7)
o} 385 kg/m? characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material

0.8
Fopis = 12.4- 152 (%) = 3011N

determination of withdrawal resistance in element 2:

kP
o)
Fax,Rk,Z = fax,k,90 : kax : ksys : [—kj -d- Ief

pk,ref

fukso 10.9 N/mm? (acc. to ETA-22/0789:2023, table A6.2)
k 1.0 for 30°< a < 90°

k 1.00 for solid timber

P, 350 kg/m?® characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material
k 1.10 for softwood and 15° < a < 90°

/ 100 mm

350

1.10
Focre2 =10.9- 1.0~1.00-(ﬁ] .8-100 =8720 N

determination of screw tension resistance:
F 23300 N (acc. to ETA-22/0789:2023, table A6.2)

tens,k
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE UB

design value of the load bearing capacity of the single screw:

Frcadras Freaarir” Knoa 1 Y
Fara =Ming Fugeo (=Mins Fines - Koa ! Yu
Fiens. Fensic | Yz
k . 0.9(SC1, duration of load short-term / instantaneous according to EN 1995-1-1)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

3011-0.9/1.30 2085
F.\ra =Min{ 8720-0.9/1.30; =min{ 6037 t =2085N
23300/1.25 18080

design value of the load bearing capacity of the rope effect:

AF, zy =min Forai | _ i) Foma
’ 2085/ 4 521N

design value of the load bearing capacity of the single shear timber-to-timber connection:

Forka Kmoa I Ym (a) 8485-0.9/1.30 (a)
Fires Koo 17w (D) 12181.0.9/1.30 (b)
F, ., — min Fuo Ko / T+ AFyga () | _ . ]4070:0.9/1.30+521 (c)
’ Furea Kmos | Tn + AFy g (d) 3505-0.9/1.30+521 (d)
Furke * Kmos ! Tn + AFy g (€) 3747-0.9/1.30+521 (e)
Fors Konos | Y + AFy g (F) 2184.0.9/1.30+521 (f)
5874(a)
8433(b)
—min 339 533N
2948(d)
3115(e)
2033 (f)
verification
FEd S FV,Rd
1500 N< 2033N verification fulfilled (74%)

N
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Laterally loaded screws

PARTIALLY THREADED SCREWS

B.1.2.1 mechanically jointed ribbed slab

1000 mm

Yy
Y

@ [ [ [ \ \
2
\ \ \ g \ \ \
\ \ \ \ \ \
@
* Z00mm
variant 1:
screw perpendicular to
grain a = 90°
@ 0
laterally loaded screws [ T TEeTr T 1
Wood Screw [T TgIrT ]
CY-FT-8x300/290 @
d =8 mm, lg =290 mm, luz
Ief’1 =140 mm,
Iy, =150 mm

variant 1: screw perpendicular to grain a = 90°

DETAILS
service class SC1

loading

shear force V_, = 35000 N
(duration of load medium-term)
construction elements

construction element 1: cross laminated
timber

E, = 11600 N/mm?, p___ . = 385 kg/m?

construction element 2: glue laminated
timber GL24h,

E,=11500 N/mm?,p__
effective width: 1000 mm
span: 6000 mm

screw

S, 250 mm spacing between screws
(n = 4 per meter)

150mm

500 mm

= 385 kg/m?

variant 2:
screws at an angle
a =45° to grain

. . (D) N
mainly axially loaded N — -féﬁv\
|

screws [ &1 /]
Wood Screw ® 57
CY-FT-8x400/390 y
d'=8mm, [ = 400 mm, S

Iy, = 194 mm,

Ief’2 =196 mm

determination of the load bearing capacity of the flexible jointed beam

The load bearing capacity of the flexible jointed beam is determined acc. to EN 1995-1-1:2014 annex B.

(El), effective bending stiffness
2
(El) o ZZ( E-l+y E A aiz)

i=1
A, = b,- h, =1000- 150 =150000 mm?
3 3
_boh 10001807 _ 54750000 mm
12 12
A, = b, h, =200- 500 =100000 mm?

_b,-h? 200-500°

h

1, =20.8-10° mm*
12 12
72 =1
K=2K_ =251 9 2 38558 _ 4755 Njmm
3 3 23 3 23

E
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE (B

1
Y= A
1+ 1 £ A12$1
K1~/
1
"= 2 11600-150000-250_0'0144
1+n°- 5
1752- 6000
_Y1'E1'A1'(h1+h2)_
a,= 2 -
Z'ZYi'Ei'An
e

_0.0145-11600- 150000 (150+ 500)
2-(0.0145- 11600- 150000+ 1 11500 100000)
h, +h, 150 + 500
a,= —gy=——
2
(El),, =11600- 60750000 + 0.0145- 11600 150000- 3182 +
+11500- 20.8-10° + 1. 11500+ 100000 7> = 2.72- 10" Nmm?

=7 mm

—7=318 mm

action design value of the single screw:

:Y1'E1'A1'a1'31 V. -
Ed

F
B (El)ef
_ 0.0145-11600- 150(1)?0- 318 250 35000= 2574 N
2.72-10

determination of embedment strength and yield moment

(acc. to ETA-22/0789:2023, section A.6.2.3)
a 90°, axis-grain-angle

€ 0°, load-grain-angle

fh,k :ka'kﬁ' k 'fh,k,ref

€

1 1
k = =
* 25-cos’(a)+sin’ (o) 2.5 cos’ (90} sin®(90)

ks 1.0

=1.0

k. = Koy - cOS? (&) +sin’ (&)

_ [1.10 in the member of the head side — k_, =1.10-cos*(0) +sin*(0) =1.10
" 11.20 in the member of the tip side ~ — k_, =1.20-cos?(0) +sin’(0) =1.20

63|
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Laterally loaded screws

FULLY THREADED SCREWS

B.1.2.1 mechanically jointed ribbed slab

o8 385 kg/m? characteristic density of the timber element
foer Characteristic reference embedment strength of non-predrilled timber elements (acc. to ETA-
22/0789:2023, section A.6.2.3)

et =0.082-p,-d ,*° =0.082- 385 8 °* =16.9 N/mm?

ef

fic1=1.0-1.0-1.% 16.9= 18.6 N/mm?
fix2=1.0-1.0- 1.2 16.9= 20.3 N/mm?
My,Rk 20.3 Nm = 20300 Nmm, characteristic yield moment (acc. to ETA-22/0789:2023, table A6.1)

determination of the load bearing capacity of the single shear timber to timber connection

(acc. to EN 1995-1-1, section 8.2.2 with equation 8.6)

Firaa (a)
Fyrap (b)
VRdc + AFy g4 (C)
Firaa + AFygs (d)
Firae + AFyrs (€)
Fyras + AFy gy (f)

F\,yRd =min

Fymes =Fo1c - t,-d = 18.6- 150- 8= 22332 N (a)
Fymes =Fipe - tp-d = 20.3- 150- 8= 24362 N (b)

f
p=lmwz_203_4nq
f., 186

hactd et (b () _afy.t
FV'RK'C_ 1+ \/B+2B {1-’-"1 +[t1j]+ﬁ [QJ B[1+QJ

2 2
—18'6'150'8~[\/1.09+2-1.092-{1+150 +(@j }1.093-(%) —1.09.(1 +%j

1+1.09 30 (30
-9668 N (c)

fti-d 4-B-(2+B)-M
Furea =1.05- 25— —.| [2.8.(1+B)+ e
V,Rk,d 2+B \/ B ( B) f;1'1_k'd't12 B
-150. 4-1.09-(2+1.09)- 20300
_1.05.18:6:150:8, \/2-1.09-(1+1.09)+ (2+ )2 ~1.09
2+1.09 18.6-8-150
=8072N (d)
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE O

£t 4.8-(1+2-8)- M
F\,Rke=1_05.L2d, 2-B%-(14B) + B-(1+ B)z vRe g
o 1+2B f;m‘k'd'tz

. . 4.1.09-(1+2-1.09)- 20300
=1.05-M-N21.092-(1+1.09)+ (1+2:1.09) _1.09]

1+2-1.09 18.6- 8- 1502
=8539 N (e)
2.
FV,Rk,f =1.15- \f% \/2' My,Rk' fh,1,k' d
=1.15. 2:1.09 . \/2~ 20300- 18.6- 8= 2888 N (f)
1+1.09

load bearing capacity of the rope effect:
F
AFy g = min{ Fyras —"‘ZRd }

withdrawal resistance in member 1
F.«rs = min{ withdrawal resistance in member 2

a

screw tension resistance

determination of withdrawal resistance in element 1:

ks
Fax,Rk,1 :fax,k,go‘ kax‘ ksys' [i] ’ d lef,1

P ret
fokeo 131 N/mm? (acc. to ETA-22/0789:2023, table A6.1)
K., 1.0 for 30°< a < 90°
s 1.13 for 5 penetrated layers (acc. to ETA- 22/0789:2023, table A6.6)
o} 350 kg/m? characteristic density of the timber raw material
Peer 390 kg/m? reference characteristic density of the timber raw material
k 1.10 for softwood and 15° < a < 90°

/ 140 mm

ef,1

F

ax,Rk,1

1.10
=13.1-1.0-1.13 350 8-140=16579 N
350

design value of the withdrawal resistance in element 2:

kP
P
Fax,Rk,2 = fax,k,90 ) kax' ksys' (p X \} ' d ’ /ef,2
k,ref

frxso 131 N/mm? (acc. to ETA-22/0789:2023, table A6.1)
k. 1.0 for 30°< a < 90°
oys 1.12 for 4 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

o} 350 kg/m? characteristic density of the timber raw material

65|
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Laterally loaded screws

FULLY THREADED SCREWS

B.1.2.1 mechanically jointed ribbed slab

Peer 390 kg/m? reference characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a < 90°
/ 150 mm

ef,2

1.10
Foirez =13.1:1.0: 1.12-(%} - 8-150 =17606 N

a

screw tension resistance:
F 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

design value of the load bearing capacity of the single screw:

Fhead,Rd,1 ,ﬁead,Rkﬂ  Kioa ! Y
Fax,Rd =min Ex,Rd,z =min ,a:x,Rk,Z * Keoa! Yu
Ftens,d ,t:ens,k/ YMZ
k ., 0.8 (SC1, duration of load medium-term)

Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
Yoo 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

16579-0.8/1.30 10203
F, s =Min {17606 -0.8/1.30 + =min{ 10835 | 10203 N
24100/1.25 19280

design value of the load bearing capacity of the rope effect:

Fv,Rd,i R Fv,Rd,i

AF, ...= min =
VR 10203/ 4 2551 N

design value of the load bearing capacity of the single shear timber-to-timber connection:

Firca Kmoa !Tw  (2) 22332-0.8/1.30 (a)
Forio Kmos 1Ym (b) 24362.0.8/1.30 (b)
F, ., = min Furke Knoa | T+ AF s (O) _ . |9668-0.8/1.30+ 2551(c)
’ Forea Kmoa | Tu + AFyra (d) 8072-0.8/1.30+ 2551(d)
Forie Kmoa | Yu + AF g (€) 8539-0.8/1.30+ 2551(e)
Furis* Kmos | Ti + AFyrg (f) 2888-0.8/1.30+ 1777 (f)
13743(a)
14992 (b)
_min{ 8200 ©_ 3555 N
7518 (d)
7806 (e)
3555 (f)
verification
Fror < Fome
2574 N= 3555 N verification fulfilled (72 %)
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE U

variant 2: a = 45° to grain
The fully threaded screws inserted at an angle of a = 45°are mainly loaded axially.

determination of the load bearing capacity of the flexible jointed beam

(El), effective bending stiffness

ef

2
(El) :Z( E-l+y E A; aiz)
i
A, =b,- h;=1000- 150= 150000 mm?

_b,-h® 1000-150°

I1
12 12

=60750000 mm*

A, = b, h, = 200- 500 = 100000 mm?

, _by-h® _200-500°

A =20.8-10° mm*
12 12
Yy =1
B 1
" 1+ 7 E A
K,-I?

For the determination of the stiffness K, of the at an angle inserted screws in a flexible jointed beam the
share of the lateral and the share of the axial stiffness can be taken into account. The slip modulus per
joint and per screw K__for the servicability limit state is determined acc. to ETA-22/0789:2023, section
A.7.1, with:

K. .x Slip modulus for axially loaded screws in soft wood (acc. to ETA-22/0789:2023, section A.6.1.7)
K., slip modulus for laterally loaded screws in soft wood (acc. to ETA-22/0789:2023, section A.6.2.4)

Kserax = 1 = kHA d = 25-8 =19095 N/mm
' 1 / Kser,ax,lef1 + 1 /K ser,ax,lef2 1 Ief,1 + 1I/ef,2 1 / 1 94 + 1 / 1 88
K., =pis .9 _ 3855 8 _ 2608 Nimm
’ 23 23
2 2 . . .
Ki=3 K =3 K cory - SN0+ (sinac—p - cosa )+ K, - COSaL- (COSa+p- sina)|=
= % -[2628- sin45-(sin45 —-0.3- cos45) +19095 -cos 45- (cos45+0.3 - sin 5)]=
2 2
=§-[1065+ 12412]=§ -13477= 8985 N/mm
= 1 =0.0701
= , 11600-150000-250
1+7°- 5
8985- 6000

y
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Laterally loaded screws

FULLY THREADED SCREWS

B.1.2.1 mechanically jointed ribbed slab

=Y1'E1'A1'(h1+h2)=
2
Z'ZYi'Ei'A
i=1

_ 0.0701-11600- 150000- (150+ 500) _
2-(0.0701-11600-150000+ 1-11500-100000)

a,

31 mm

- h1;h2 _a, 21502&_ 31= 294 mm

(El),; =11600- 60750000+ 0.0701 11600- 150000 - 294>+
+11500- 20.8- 10° + 1- 11500- 100000- 31* = 3.63- 10"> Nmm?

action design value of the single screw

=Y1'E1'A1'a1'31 V

Feo (El Ed ~
ef
_ 0.0701-11600- 150(:80- 294. 250 .35000 = 8643 N
3.63-10

determination of the load bearing capacity of the single screw

determination of withdrawal resistance in element 1:

kP
Fax,45,Rk,1 = fax,k,QO ' kax' ksys' [&J ’ d Ief,1

pk,ref

foe 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

k 1.0 for 30°< a £ 90°

ax

kSys 1.13 for 5 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)
P, 350 kg/m? characteristic density of the timber raw material

Puer 390 kg/m® reference characteristic density of the timber raw material
k 1.10 for softwood and 15° < a < 90°

Ief’1 194 mm 10
Fx,45,Rk,1 =13.1-1.0-1.13 (%} - 8 194= 22974 N

a

determination of withdrawal resistance in element 2:

ky
P
Fax,45,Rk,2 = fax,k,QO ’ kax' ksys' [_I(J ’ d lef,2

pk,ref
frkso 13-1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)
k 1.0 for 30°< a < 90°
k 1.13 for 5 penetrated layers (acc. to ETA-22/0789:2023, table A6.6)

350 kg/m? characteristic density of the timber raw material

E ~
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Laterallyloaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE U

Puer 390 kg/m? reference characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a < 90°
/ 196 mm

ef,2

350 1.10
Fossrez =13.1-1.0- 1.06: (%J . 8-196=21773 N

screw tension resistance:
Finsk 24100 N (acc. to ETA- 22/0789:2023, table AG6.1)

Design value of the axial load-bearing capacity of the screw:

Fread,ra 1 Feaarct® Knod W
Focasga =MiNy Fyran (=Mim B - Kol W
Fiens.a Fonsid Ymz
k... 0.8(NKL1, C24, medium load duration)
Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
22974-0.8/1.30 14138
Foyasra =Ming 21773-0.8/1.30 { =min{13399 ; =13399 N
24100/1.25 19280

determination of the horizontal resistance:

sina

Rd
ax,45,Rd

pn-F

Frg =Faxasra - (COSa +p- sina )= 13399- (cos 45+ 0.3- sin45)= 12317 N
¥ 0.3 friction coefficient between the timber members (acc. to ETA-22/0789:2023, section A.7.1)

verification screw

FEdSFRd
8643 N<12317 N

verification fulfilled (70 %)

)
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Laterally loaded screws

FULLY THREADED SCREWS

B.2.1.1 general - connection between timber element and

thick steel plate (o = 90°, £ = 0°)

DETAILS
service class SC1
loading
YA @ F.,=2000 N

(duration of load medium-term)
'y construction elements
construction element 1:
steel plate t = 10mm
construction element 2:
/ solid timber, C24

Ief = lg

Wood Screw C-FT-8x180/170
d=8 mm, /=180 mm, Ig=/ef= 170 mm

[ Fo=—r

determination of embedment strength and yield moment

(acc. to ETA-22/0789:2023, section A.6.2.3)

a 90°, axis-grain-angle

€ 0°, load-grain-angle

fh,k = k(x ) kﬁ ) ka ) fh,k,ref

k = 1 = L =1.0
“  25-cos’(a)+sin*(a) 2.5-cos’(90)+ sirf (90)

k 1.0

B
k, = kg cos*(e)+ sin?(g)=1.2- cos?(0)+ sir’ (0)=1.20
Kyo 1.20 in the member of the point side
o} 350 kg/m? characteristic density of the timber element
f.«e Characteristic reference embedment strength of non-predrilled timber elements

ﬁw,k,ref =0.082- Pk -d °*=0.082-350- 8 ** =15.4 N/mm?

f=10-1.0-12 154 =18.5 N/mm?

My,Rk 20.3 Nm 2 20300 Nmm, characteristic yield moment (acc. to ETA- 22/0789:2023, table A6.1)
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Laterallyloaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE \B

determination of the load bearing capacity of the single shear steel-to-timber connection

with a thick steel plate

(acc. to EN 1995-1-1, section 8.2.3 with equation 8.10)
The verification is made for a thick steel plate due to the greater thickness t than the screw diameter d.
Fyra (c)

FV,Rd =min FV,Rd,d + AFv,Rd (d)
Fyrae + AFy g4 (€)

—f,-t,-d=185.170. 8= 25100 N ()

FV,Rk,c

Fooofotod| or 2 Mwe
v,Rk—h,k't1' ’ +m_

4-20300

~18.5-170- 8- \/2+—2
18.5.8-170

—1} -10565 N (d)
FV,Rk,e =23- My,Rk : fh,k -d

=2.3-420300-18.5-8 =3982 N (e)

load bearing capacity of the rope effect:

AF — H F . Fax,Rd
VRdi = MINY Ry 4

F

aj

i withdrawal resistance
xRd screw tension resistance

determination of withdrawal resistance:

kP
Focri = Tackoo * Kax® ksys ( P ] -d-ly,
pk,ref

f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a = 90°

ax

k 1.00 for solid timber

pky 350 kg/m?® characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a < 90°

/ 170 mm

ef

1.10
F,r« =13.1-1.0-1.00- 350 -8:170 =17816 N
’ 350
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Laterally loaded screws

FULLY THREADED SCREWS

B.2.1.1 general - connection between timber element and

thick steel plate ([a = 90°, € = 0°)

determination of screw tension resistance:
F 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

design value of the load bearing capacity of the single screw:

F e K.yl
:min{ ax,Rk mod YM}

F
Ftens,k / YMZ

ax,Rd

k 0.8 (SCH1, duration of load medium-term)

mod

Yu 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
Yoo 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

. 17816-0.8/1.30} _ [10964
Fore = =min
' 24100/1.25 19280

design value of the load bearing capacity of the rope effect:

F F
AF,qg =miny YR foming VR
‘ 10964 /4 2741N

design value of the load bearing capacity of the single shear timber-to-steel connection with a thick steel
plate:

}:10964 N

Furie Kmoa 1w () 25100-0.8/1.30  (c)
Foyrg = MNPy nica Koa | Y + AFy g (d) = mind 10565- 0.8 /1.30 + 2741(d)
Furie  Kmoa | Ti + AFy gy (€) 3982-0.8/1.30 + 2450 (e)
15446 (c)
=min} 9243 (d) = 4901 N
4901 (e)

verification

The load-bearing capacity must be reduced by 50 % as only one screw is applied in the connection (see
ETA-22/0789:2023, section 2.2)

Fey <

4901N

2000 N<
2000 N<2450 N verification fulfilled (82 %)
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Laterallyloaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE ¢

load bearing capacity at an load-grain-angle of €= 90° (a= 0°)

3 90°, load-grain angle

due to the different load-grain angle ¢ the factor k_and the embedment strength changes:
k, = kg, - cos?(&)+ sin’ (¢)=1.2- cos’ (90)+ sirf (90)=1.00
f«=1.0-1.0-1.00- 15.4= 15.4 N/mm?

load bearing capacity of the rope effect:

F, rai F o
AFygg =ming ~ YRIL L—mijns VRA
’ 10964 /4 2741N

design value of the load bearing capacity of the single shear timber-to-steel connection with a thick steel
plate:

Force Kooa I (C) 20917-0.8/1.30  (c)
Fora = MiN3 FymeaKioa | T + AFy ng (d) = min{ 8832 0.8/1.30 + 2741(d)
Foreo - Knog ! T + AFy s (€) 3635-0.8/1.30 + 2237 (e)
12872(c)
—min{ 8176 (d) ;= 4474 N
4474 (e)

verification
The load-bearing capacity must be reduced by 50 % as only one screw is applied in the connection (see
ETA-22/0789:2023, section 2.2)

Fira
2

2000 N<

Fey <

4474 N

2000 N< 2237 N verification fulfilled (89 %)

.
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Laterally loaded screws

FULLY THREADED SCREWS

B.2.1.2 general - connection between timber element and

thick steel plate ([a = 0°, € = 90°)

DETAILS
service class SC1

loading
F.,=6000N
(duration of load medium-term)
construction elements

—Fq construction element 1:
steelplate, t = 10mm
construction element 2:
solid timber, C24

Wood Screw C-FT-8x180/170
d=8mm, /=180 mm, Ig=lef= 170 mm
4 screws

@

minimum spacing and minimum penetration length
(acc. to ETA-22/0789:2023, table A6.4)
a,=40mm=5-d=5-8=40 mm— OK

a,.,=40 mm=>2,5-d =2,5-8=20 mm— OK

a4:t =40 mm=>5.-d =5-8=40 mm— OK

minimum penetration length of the screw at an angle of <15° between the screw axis and the grain direc-
tion (acc. to ETA-22/0789:2023, section 2.2)

[-t=180-10=170 mm=> 20- d = 20- 8= 160 mm— OK

determination of embedment strength and yield moment

(acc. to ETA-22/0789:2023, section A.6.2.3)

a 0°, axis-grain-angle
€ 90°, load-grain-angle
fh,k = ku : kB : ka : f;1,k,ref

1 1
k = -
“  25-cos?(a)+sin’ (o) 2.5-cos?(0)+sin*(0)

k, 1.0

k, = kg, - cos?(e)+ sin’(g)=1.2- cos?(90)+ sin?(90)= 1.00

=04
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Laterallyloaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE B

Kqo 1.20 in the member of the point side
o} 350 kg/m? characteristic density of the timber element
f characteristic reference embedment strength of non-predrilled timber elements

h,k,ref

f e =0.082-p, -d °% = 0.082- 350- 8 °* = 15.4 N/mm?

f«=04:1.01.00 15.4 =6.2 N/mm?
M 20.3 Nm £ 20300 Nmm, characteristic yield moment (acc. to ETA-22/0789:2023, table A6.1)

v,Rk

determination of the load bearing capacity of the single shear steel-to-timber connection

with a thick steel plate

(acc. to EN 1995-1-1, section 8.2.3 with equation 8.10)
The verification is made for a thick steelplate due to the greater thickness t than the screw diameter d.

FV,Rd,c (c)
FV,Rd =min FV,Rd,d + AFV,Rd (d)
Fygrae + AFyrq (e)

Fymee =fot-d= 62170 & 8367 N (c)

4-M, g
FV,Rk :ﬁ"k't1'd{ 2+w—1]

4.20300

~6.2-170- 8. \/2+—2
6.2-8-170

- }=3633 N (d)

FV,Rk,e =23 My,Rk' fh,k' d
=2.3-4/20300- 6.2- 8=2299 N (e)

load bearing capacity of the rope effect:

F
AFy g = min{ Fy ras ajTRd}

F

a

. withdrawal resistance
R screw tension resistance

determination of withdrawal resistance:

kP
o
Fax,Rk = fax,k,QO Ko * ksys (—k] -d -l

pk,ref

f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90
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Laterally loaded screws

FULLY THREADED SCREWS

B.2.1.2 general - connection between timber element and

thick steel plate (a = 0°, € = 90°)

k, =03k, +3i-(1—0.3- Keap)

oo gap

Kyp =1.0

K, =0.3-1.0+—-(1-0.3-1.0) =0.3
30

k 1.00 for solid timber

sys

o8 350 kg/m? characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material
k, for softwood and 0° < a < 15°:

k,=1.25-0.05d=1.25 0.05 8 0.85

/ 170 mm

ef

0.85
Fore =13.1-:0.3-1.0- @ -8-170= 5345 N
’ 350
determination of screw tension resistance:
F 24.1kN = 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

design value of the load bearing capacity of the single screw:
F ek o/
Fax R — man[ ax,Rk 'mod YM}
Y Ftens,k /yMZ
Kk 0.8 (SCA1, duration of load medium-term)

mod

Y 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

5345-0.8/1.30 3289
F, s =mMin =min =3289 N
’ 24100/1.25 19280

design value of the load bearing capacity of the rope effect:

F F
AR, qg =min{ __YRe L—_mijn/ ~“R
’ 3289/4 822 N
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Laterallyloaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE ¢S

design value of the load bearing capacity of the single shear timber to steel connection with a thick steel
plate:

Foree Kmoa I Ym (C) 8367-0.8/1.30 (c)
Fyranet =MINY B pg - Koo 1Y + AF gq (d) p = ming 3633- 0.8 /1.30 + 822(d)
Furee  Kmoa | Y + AF g (€) 2299-0.8/1.30+822(e)
5149(c)
=miny3058(d) r=2237 N
2237 (e)
a, is assumed as a,
n 2
Ny =Ngy - MiN 08 |_a = 2-min 20_9.4\/W =294
13-d 13-8
verification

FEd < Nt FV,Rd,n=1
6000 N<2.94.2237=6575 N

verification fulfilled (91 %)

ESSVE
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Laterally loaded screws

FULLY THREADED SCREWS

B.2.2.1 general - connection between timber element and

thin steel plate (a = 90°, € = 0°)

DETAILS
7 ) service class SC1

loading
F.,=2000 N
(duration of load medium-term)
construction elements
_Fa _ construction element 1:
steel plate t =4 mm
construction element 2:
solid timber, C24

(@) Wood Screw W-LF-8x100/60
d=8mm, /=100 mm,/ =/ =60 mm
2 screws

minimum spacing

According to ETA-22/0789:2023, table A6.12 for laterally loaded screws without drill tip, the spacing of nails
without pre-drilled holes can be applied (see EN 1995-1-1, table 8.2). For steel-to-timber connections the
minimum spacings can be multiplied by a factor of 0.7 according to EN 1995-1-1, section 8.3.1.4 (1).

a 0° (load-grain angle for determination of minimum spacing acc. to EN 1995-1-1)

a,=100 mm>0.7- (5+7- |cosal|)- d = 0.7- (5+7- [cos0|)- 8= 67 mm— OK

determination of embedment strength and yield moment
(acc. to ETA-22/0789:2023, section A.6.2.3)

a 90°, axis-grain angle

€ 0°, load-grain angle

fh,k = ka ’ kﬁ ’ kg : fh,k,ref

k = 1 = L =1.0
“  2.5-cos’(a)+sin*(a) 2.5 cos’ (90)+ sirf (90)

Ky 1.0

k, = kg, - cos’ (&) + sin’ (¢) = 1.2 cos” (0) + sin” (0) = 1.20
k 1.20 in the member of the point side

90
o} 350 kg/m? characteristic density of the timber element

f.«er Characteristic reference embedment strength of non-predrilled timber elements

s =0.082:p, - d° =0.082- 350- 8°° =15.4 N/mm?
f,=1.0-1.0 1.2 15.4 18.5 N/mm?

M 22.6 Nm = 22600 Nmm, characteristic yield moment (acc. to ETA-22/0789:2023, table A6.2)

v,.Rk
determination of the load bearing capacity of the single shear steel-to-timber connection with a

thin steel plate
(acc. to EN 1995-1-1, section 8.2.3 with equation 8.9) The verification is done for a thin steel plate due to
the smaller or equal thickness ¢ than the half screw diameter d.

Fyraa (@)

Firap + AFyrs  (b)

FV’Rd =min



Laterallyloaded screws

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE B

Fyrea =0.4-f - t-d=185-(100-4)- 8= 5670 N (a)

Forp =1.15-2-M g £, -d

=1.15-/2-22600-18.5-8 =2971N (b)
load bearing capacity of the rope effect:

AF — H F . Fax,Rd
V,Rd — min V,Rd,i’ 4

. withdrawal resistance
xR screw tension resistance
determination of withdrawal resistance:

kP
o)
Fax,Rk = f;ax,k,90 : kax : ksys [—k] -d -Ief
pk,ref

F

a

frxeo 10.9 N/mm? (acc. to ETA-22/0789:2023, table A6.2)

k., 1.0 for 30° < a < 90°

k.. ~ 1.00 for solid timber

o} 350 kg/m? characteristic density of the timber raw material

Puer 390 kg/m? reference characteristic density of the timber raw material
k, 1.10 for softwood and 15° < a < 90°

o 60 mm 10
350 \
F,r=10.9-1.0-1.00-| — .8.60=5232 N
' 350

determination of screw tension resistance:
F 23.3 kN = 23300 N (acc. to ETA-22/0789:2023, table A6.2)

tens,k

design value of the load bearing capacity of the single screw:

Fore Koog!
,:ax g = min ax,Rk mod ’YM}
’ Ftens,k /YMZ
Kk 0.8 (SCA1, duration of load medium-term)

mod

Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)
Yoz 1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)
232-0.8/1. 22
F,rg =min 5232:0.8/1.30 =min 3220 =3220 N
' 23300/1.25 18640

design value of the load bearing capacity of the rope effect:

F ey F rai
AR, qg; =ming VR4 e=mijng VRY
i 3220/ 4 805 N

design value of the load bearing capacity of the single shear timber-to-steel connection with a thin steel plate:
- Furea Kmoa | Yu (a) . 5670-0.8/1.30 (a)
F, g =Mmin " in
‘ Fyreo Kmog I Tm + AFyrg (D) 2971-0.8/1.30+ 805 (b)

_ min{ 3489 (a)} _ 2633 N
2633 (b)

n,=n*=2% =187
verification
FEd < nef'Fv,Rd

2000 N<1.87-2633=4914 N

verification fulfilled (41 %)

By
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Combined loading (axially and laterally loaded screws]

FULLY THREADED SCREWS
C.1 wind bracing connection
DETAILS
service class SC1
loading
— F_,= 15000 N
(duration of load short-term)
construction elements
construction element 1:
steel plate, t =15 mm
construction element 2:
solid timber, C24
— @ Wood Screw C-FT-8x180/170
T d=8mm, /=180 mm
= 1a | =170 mm, [,= 165 mm
* K 4 screws
ayc bzw. as ¢

minimum spacing

axially loaded:

(acc. to ETA-22/0789:2023, table A6.4)

a,=120mm=>5-d=5-8 =40 mm - OK

a,=80mm=>2.5-d=25-8=20 mm —»OK

a,-a,=120-80 =9600 mm* >25.d* =25-8% =600 mm? —OK

a,,=40mm=>4.d=4.8=32 mm —OK

laterally loaded:

According to ETA 22/0789:2023, table A6.12 for laterally loaded screws without drill tip, the spacing of nails

without pre-drilled holes can be applied (see EN 1995-1-1, table 8.2). For steel-to-timber connections the
minimum spacings can be multiplied by a factor of 0.7 according to EN 1995-1-1, section 8.3.1.4 (1).

a 0°, (load-grain angle for determination of minimum spacing acc. to EN 1995-1-1)

a,=120 mm>0.7-(5+7-|cosa|)- d=0.7 (5 +7 -|cos 0]) -8 =67 mm —-OK
a,=80 mm=>0.7-(5- d)=0.7-5-8 =28 mm —-OK
a,, =40 mm=>5-d=5-8 =40 mm — OK

determination of the axial load bearing capacity of the single screw

F

a

. withdrawal resistance
xRd,n=1 = MIN . ,
e screw tension resistance
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Combined loading (axially and laterally loaded screws]

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE B

design value of the withdrawal resistance:

kp
P Ko
Fax,Rd,n=1 = f.:ax,k,QO : kax : ksys : (_k] -d- lef -—od
Px ret ™
f 13.1 N/mm? (acc. to ETA-22/0789:2023, table A6.1)

ax,k,90

k 1.0 for 30°< a = 90°

ax

k 1.00 for solid wood

sys
o} 350 kg/m? characteristic density of the timber raw material
Peer 390 kg/m? reference characteristic density of the timber raw material

k 1.10 for softwood and 15° < a < 90°

p

I 165 mm
k.. 0.9 (SC1, duration of load short-term according to EN 1995-1-1)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

1.10
Frener =13.1-1.0-1.00- 390 -8-165.£=11971 N
o 350 1.30

design value of the screw tension resistance:
F 24100 N (acc. to ETA-22/0789:2023, table A6.1)

tens,k

Ywo  1.25 (for steel tension failure acc. to EN 1993-1-1:2014, section 6.1)

Fensg = Flons _ 24100 19280 N
25

tens,d —
Yz 1.

axial load bearing capacity of the single screw:

- |Facran= (11971
Foxran=t = m'n{ I:t::,d 1} =min {1 9280 }= 11971 N

determination of the axial connection resistance
o n®? (acc. to EN 1995-1-1, section 8.7.2)

Fax,Rd = nef ' Fax,Rd,n=1 = 40.9' 11971=41685 N

n

determination of the load bearing capacity of the single shear steel-to-timber connection
with a thick steel plate

determination of embedment strength and yield moment
(acc. to ETA-22/0789:2023, section A.6.2.3)

a 90°, axis-grain-angle

€ 0°, load-grain-angle

fh,k = ka ) k[s : ks ) fh,k,ref

k = 1 = L =1.0
k“ 2.51- c(:)os2 (a)+sin’(a) 2.5-cos?(90)+sin?(90)

B
k, = kg, - cos®(¢)+ sin’(g)=1.2- cos*(0)+ sin*(0)= 1.20

81]
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Combined loading (axially and laterally loaded screws]

FULLY THREADED SCREWS
C.1 wind bracing connection
Kyo 1.20 in the member of the point side
o8 350 kg/m? characteristic density of the timber element

f.er Characteristic reference embedment strength of non-predrilled timber elements

fre =0.082: p, -d °* = 0.082- 350- 8 ** = 15.4 N/mm?
f..=1.0-1.0-1.2 15.4= 18.5 N/mm?

Mnyk 20.3 Nm = 20300 Nmm, characteristic yield moment (acc. to ETA-22/0789:2023, table A6.1)

(acc. to EN 1995-1-1, section 8.2.3 with equation 8.10)
The verification is done for a thick steel plate due to the greater thickness t than the screw diameter d.
Due to the axial loading in tension of the screws the rope effect is not considered.

Fyrac (c)
FV,Rd,n=1 = minyFV.Rdd (d)
Firae (€)
K
Frep.=f . -t-d--m¢_185.165.8 99 _ 16906 N (c)
Rae = h Y 130

4. M
FVRd:ﬁ]k'tfd' 2+ y,Rk2_1 'kmOd
, ’ fh,k'd't1 Tm

420300 .| 0.9
18.5-8-165° | 1.30

=18.5-165-8-N2+ =7106 N (d)

kmO
Frae =23 \/m d

Tm

~2.3.420300-185-8- 22 o760 N (€)

1.30

design value of the load bearing capacity of the single shear steel-to-timber connection
with a thick steel plate

Ny, 2, number of screws in a row (perpendicular to grain)

n effective number of screws parallel to grain (acc. to EN 1995-1-1, equation 8.17)
n,=n* =2"%=18 18740(c)
Fura =Moo Nes* Fypaner= 2 1.8 ming 7896 (d), =2-1.8-2760 = 9936 N

2760 (e)
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Combined loading (axially and laterally loaded screws)

STEEL-TO-TIMBER CONNECTION CALCULATION EXAMPLE

verification for combined loading

2 2
Fax,Ed J + [FV,Ed S 1 0
F FV,Rd

ax,Rd

Fuq- sin(45) JZ [ Fea-cos(45) Jz 10
F FV,Rd o

ax,Rd

2 2

1 . si :

5000- sin(45) . 18000 cos(45) <10
41685 9936

0,06 +1,14=1,2

verification not fulfilled

ESSVE
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Axially loaded screws

FULL OR DOUBLE THREADED SCREW APPLICATION

C.2 Thermal insulation on roof or facade application

DETAILS

service class SC1

loading

permanent load: F;, = 0.50 kN
variable load: F, = 0.75 kN

(category A, duration of load medium-
term)

construction elements

construction elements 1 and 2 solid
timber C24

battenboard t, = 40 mm

on-roof insulation f =120 mm

Wood Screw CY-DT-8x260/100+80
d=8mm, d =53 mm, /=260 mm

Ig,1 = 80 mm, Ig’2= 100 mm

can be replaced with: CY-FT-8x260/250

action design value

Feo =v6 Fox + Yo Fux

F.,=1.35-0.5+1.5 0.75= 1.80 kN=1800 N
minimum spacing

(acc. to ETA-22/0789:2023, table A6.4)

k 10 mm, assumption of the hight of the cylinder head
Iy =_t—1—ki =_L—10= 35mm > 4.-d=4-8=32mm — OK
* sin(a) sin(60° )
(t+t.) (40+120)
g, =1—-— =260-—==75mm > 4. d=4.-8=32mm — OK
’ sin(o) sin(60°)

determination of the load bearing capacity of the single screw

wihtdrawal resistance in battenboard (1)
min withdrawal resistance in rafter (2)
buckling resistance

F

ax,Rd =

design value of the withdrawal resistance in battenboard (1):

K
’ k
Fax,Rd,1 = fax,k,QO ) kax ’ ksys ’ (pp_k] -d- /ef,1 ’ ym_Od
k,ref M

f 10.9 N/mm? (acc. to ETA-22/0789:2023, table A6.2)

ax,k,90

k 1.0 for 30° < a < 90°

ax
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Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLENS

Iy 35 mm
- 1.00
k . 0.8 (SC1, duration of load medium-term)
Ya 1.30 (for connections in timber construction acc. to EN 1995-1-1, table 2.3)

Foyngs =10.9-1.0- 8- 35. %z 1878 N

design value of the withdrawal resistance in rafter (2):

kP
p K
Fax,Rd,z = fax,k,go ) kax : ksys : ( : J -d- Ief,2 - —nod
P rer Tm

/ 75 mm

ef,2

a

1.10
Fo,=109.1.0.1.00. 220 . g.75. 98 _ 4005 N
R 350 1.30

design value of the buckling resistance:

-N
Fki,Rd = X—plk
Y
1 138 mm, screw length between battenboard and rafter

ki

N 2.418 kN = 2418 N, for free length of /, = 140 mm (conservative) from ETA-22/0789:2023, table A9.2

plk

Yo 1.00 (for stability failure of steel elements acc. EN 1993-1-1:2014, section 6.1)

Fra =%=2418 N

determination of the connection resistance:
Focra 1878 N

Foxrg =MINiF_ oo ¢ =miny 4025 N =1878 N
Fird 2418 N

FRd =Ny e Fax,Rd

n n,=n=1.0 ETA-22/0789:2023, section A.6.1.1

ef

F,=1.0-1878=1878 N

verification

Fy < Ry

Ed —

1800 N<1878 N
verification fulfilled (96 %)
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Axially loaded connection: Single shear connection: screw cross

Academy: Main-Secondary beam connection

DETAILS
service class SC1

B @ ® ] loading
permanent load: F;, = 1,2 kN
variable load: F,, = 3,6 kN

145 (category A,
duration of load medium-term)
195 construction elements

Joist: bxh =70 x 145 mm
Beam: bxh =95 x195 mm
solid timber, C24 (p,=350-3)
wood screw: 1 screw cross =
2 screws, ET-T 8.2x190 mm
d=8,2 mm; d,;=5,7 mm

4=l = 1;,= 80 mm

95

action design value
FEd,1=YG-FG,k=1 .35:1,2=1,62 kN —Kog=0,6
Fea2=Ve FoxtVqFak=1,351,2+1,5-3,6=7 kN Kpog=0,8

Remark: since the second combination is decisive, further calculation will be done only with it
Partial safety factors [EN -1995-1-1:2025]

Yg=1.3 Connections with dowel-type fasteners and connectors

Yui=1.1 Steel design resistance based on a semi-empirical analysis
with a ductile failure mode

Yyp=1.25 Steel design resistance of cross-sections in tension to fracture

Geometry and mechanical parameters according to [ETA-26/0158:2026]

fax k90 (Prer) = 15,3 N/mm?
N
Fiens, k=30,1 kKN | fy,k=900m

E,=210000—
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Axially loaded connection: Single shear connection: screw cross

Main-Secondary beam connection

design axial tensile and compressive resistance [EN-1995-1-1:2025 - 11.2.2.10]

Kmod 0,8
=22 max(Fou, i F ) 2 9 51=5,85 kN
ek 1,3
Faxgi=min{ ° L —min< 20 —5,85 kN
v To5=241 KN
585 kN
Kmod 0,8
T2 Fuk 59,51=5,85 kN
ol R . y
Fax,c,t—mln Fc,k —min 13,85_12 o —5,85 kN
Ymi 1.1 ,

determination of characteristic head pull-through resistance
Remark: not applicable for ET-T
determination of characteristic withdrawal resistance

Fux=1d"lgfy=18,2-80-1-4,61=9,51 kN

] o 350\ ! N
fw,k=kscrew'kw'kmat'd 033, (gko ﬁ) =4,61 m_

m?2
faxk(Prer) lo 1 0gs 123, 80 1
T gl kykpeed®® 7 T 80-8,2 1.4.820%

kp
) =9,24-1-1-8,2°0%. (

9,24

Kscrew=Kred"

Kreq=0,85 [EN -1995-1-1:2025 - M6.3(7)]
,=1d=8,2mm  (the length of the tip) [EN -1995-1-1:2025 - M6.3(7)]

Remark: The default value for K.y is 8.2. Since the ETA-26/0158:2026 provides the
characteristic withdrawal parameter k,,, a transitional calculation for the pullout strength
fux has been made according to EN 1995-1-1:2025, Annex M6.3.

kw =1 for 45°< € <90° between the screw axis and the grain direction

Remark: in ETA-26/0158:2026 it is reffered as Kk,
Kmat =1 for solid timber

ko =1,1 for softwoods and 5°< & <90°

determination of characteristic tensile resistance

Ft k=Ftens, k=30,1 kKN [ETA-26/0158:2026]

determination of characteristic axial compressive resistance

Fex=®Pc "Ny k=0,6-22965,83= 13,85 kN [EN -1995-1-1:2025 (11.5)]

y
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Axially loaded connection: Single shear connection: screw cross

Main-Secondary beam connection

1,0 for A<0,2
1 _ 1
D=4 ——— for A>0,2— =0,6

O+ /cp?-x 2 1,07+ /1,072-0,89 2

— -2
=0,5[1+0,49-(3-0,2) X | =0,5[1+0,49:(0,89-0,2)+0,89 *]=1,07

— [Ny [22965,83
A= —= =0,89
Nk« 28701,63
d7 5,72
Np|,k='|T' Z 'fy‘k=Tr' T 900=22965,83 N
Niik=y/Cn-Es1s=1/75,71-10881496,24=28701,63 N

90 +a 90 +45
c»=(0,19+0,012:d)-p, - —~ =(0,19+0,012-8,2)-350- —

71
T mm?2

Remark: the characteristic foundation modulus of the fastener in the Joist is decisive because
of the 45 degree angle between the screw axis and the grain direction. Therefore, the value is
calculated only for the joist.

_Egm-df _210000-1-5,7*

Bsls=—%4 64

=10881496,24 N

determination of tension and compression in the fastener

F
Ft,d F Ed2 _

“Fea=Zsiny 2sinas +O° KN

verification

4,95 kN<5,85 kN verification fulfilled (85%)

Remark: Alternatively, the load-carrying capacity of the connection:

V2
FR,d:nef'Fax,d,45°'COS45o:2'5,85' 7:8,27 kN>FEd,2:7 kN

ESSVE
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Axially loaded connection: Single shear connection: screw cross

Main-Secondary beam connection

alternative solution according to ETA-23/0235:
joist hanger Blank 320 with external flanges 70/125+ ring-shank nails 4x40 mm

Remark: general principles of joist hanger connection are also given in EN 1995-1-1:2025, G.3.5

determination of the joint hanger connection characteristic resistance, partial nailing

(ny+2)-Fy 4Rk (4+2)-157=9420

1 1
=7554

F, rc=min 1 > 1 P =min ; 2 ; D)
_ ) +|[— +

characteristic lateral resistance per shear plane of a single fastener
FV,J,Rk=1 570N

characteristic axial tensile resistance of a single fastener
Fax,H,Rk=1 139 N

Remark: the two values above were derived from the information in the ring shank nail DoP
form factors of Joist hanger Blank 320 with external flanges [ETA-23/0235,Table B3]

full nailing partial nailing

B H e [)) e e;
[mm] | [mm] M | | Ker | ki [mm] | [mm] M| | kit | kna [mm] | [mm]
70 125 |12 | 8 | 23,0(7,43 | 1631 | 630 6| 4| 11,1]3,33| 674 303

determination of the joint hanger connection design resistance

kmod'Fz,Rk _ 0,87,55
Ve 1.3
verification

4,95 kN<7 kN—  verification NOT fulfilled (141%) — full nailing needed

F,Rra=

=4,65 kN

tip: installation time

2 min I
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Practical example

ESSVE double-thread wood screw ET-T fastening system

4

—

NN N NN NN NN N

f J /S J J S /S J S [/

NN N NN N NN NN

VARV AR A AN A AN A AN A 4

woyes

ET-T-6,5x220 mm (possible for Rafter
reinforcement)

« 4,8 kN capacity per 1-fastener (Timber 70x45)
« Invisible connection

« Better fire resistance

« Suitable for strengthening existing structures
* Installation: Construction side application

ET-T-8,2x190 mm (possible Main beam
reinforcement)

- 4,2 kN capacity per fastener

(Timber 70x145+935x145)

« Invisible connection

- Better fire resistance

« Suitable for strengthening existing structures
+ Min. Installation time ca. 15 min

ET-T-8,2x190 mm

+ 7 kN shear capacity

« Invisible connection

- Better fire resistance

« Lower total costs and working time

« Shorter installation and calculation time
+ Does not need retightening

» Min. Installation time ca. 3-5 min

ET-T-8,2x220 mm

+ 7 kN shear capacity

« Invisible connection

« Better fire resistance

- Can also be fixed at an angle

« Lower total costs and working time

« Shorter installation and calculation time
« Min. Installation time ca. 1,5-2 min

ET-T-6,5x220 mm

+ 3 kN capacity with one screw connection
« Invisible connection (timber 45mm)

- Better fire resistance

+ Lower total costs and working time

« Shorter installation and calculation time
» Min. Installation time ca. 1 min

ET-T-6,5x190 mm

+ 5,3 kN capacity per fastener

« Invisible connection

- Better fire resistance

- Suitable for strengthening existing structures
+ Min. Installation time ca. 2 min

per 2-fasteners

pa—

Punched metal plate fastening

+ Same load with Plate
100x100mm (both side)

« Visible connection

+ No fire resistance without
protection

+ Rafter strengthening solution
(Timber 70><L|SEIJ

« Installation: Factory application

M16 mm (polt-washer-nut
connection)

+ 8,1 kN capacity per 1-fastener

+ Needs predrilling

+ Low initial stiffness

« Need for fixing point re-tightening
+ Min. Installation time ca. 30 min

Bolt M16; 4.6

+ 9kN shear capacity

+ Needs predrilling

+ Low initial stiffness

- Requires re-tightening

+ Min. Installation time ca. 7-10 min

Joist hanger

« Full nailing is needed to achieve the
same capacity [partial nailing = 4,7 kN)
« One Joist hanger 70/125
+ring-shank nails 4x40

« Visible connection

+ 2x times longer calculation time

+ No fire resistance without protection
+ Min. Installation time ca. 5 min

Angle bracket

+ Connection is in same value with 2-angle
brackets in size of 90x90x65-2,5mm

- 2x times longer calculation time

« Visible connection

+ No fire resistance without protection

+ Min. Installation time ca. 3 min

Rod M12x300 mm

+ 11 kN capacity per fastener

«+ Same load capacity

+ Glued-inrod

« Min. Installation time ca. 5 min
per 1-glued rod




Axially loaded screws

TIMBER-TO-TIMBER CONNECTION CALCULATION EXAMPLE {8
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Minimum spacings, edge and end distances

FOR AXIALLY-LOADED AND INCLINED FASTENERS

Screw family d (mm) aL,min a2,min a3, ct, min ay,ct, min Across Source

ET-T 6,5 6d 3d 8d 3d 1,5d ETA-26/0158:2026
ET-T 8,2 7d 5d 10d 4d 1,5d EN 1995-1-1:2025
C-FT/ CY-FT/ C-PT/

H-PT/W-LF/ C-FH/ CY-DT 8 7d 3d 5d 4d 1,5d ETA-22/0789:2023
C-FT/ CY-FT/ C-PT/

H-PT/W-LF/ C-FH 10 7d 3d 5d 4d 1,5d ETA-22/0789:2023
C-FT/ CY-FT/ C-PT/

H-PT/ H-FT 12 7d 3d 5d 4d 1,5d ETA-22/0789:2023
HF(HEX) / WIWAF) /

ESSDRIVE 6 7d 5d 10d 4d 1,5d EN 1995-1-1:2025
HF(HEX]) / WIWAF

ES[SDRl\]/é [ W 8 7d 5d 10d 4d 1,5d EN 1995-1-1:2025
HF(HEX) / W(WAF) 10 7d 5d 10d 4d 1,5d EN 1995-1-1:2025

Spacing of screws, and edge and end distances for screws subjected to Axially loading

Screws under tension inserted with an angle a with respect to the grain

%
alc,ct

plan
aq,ct
aZ
By et

Loy ]
a3 ct
! L J—
aS,ct
plan front

ESSVE
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Minimum spacings, edge and end distances

FOR AXIALLY-LOADED AND INCLINED FASTENERS

Screw family d(mm)  a; i (Mm) @ min (MM) @3t min (MM) ag,ct,min (MM)  agross (mm) Source
ET-T 8.5 40 20 50 20 10 ETA-26/0158:2026
ET-T 8,2 57 41 82 33 12 EN 1995-1-1:2025
C-FT/ CY-FT/ C-PT/
H-PT/W-LF/ C-FH/ CY-DT 8 56 24 40 32 12 ETA-22/0789:2023
C-FT/ CY-FT/ C-PT/
H-PT/W-LF/ C-FH 10 70 30 50 40 15 ETA-22/0789:2023
C-FT/ CY-FT/ C-PT/
H-PT/ H-FT 12 84 36 60 48 18 ETA-22/0789:2023
HF(HEX) / WIWAF) /
ESSDRIVE 6 42 30 60 24 9 EN 1995-1-1:2025
HF(HEX]) / WIWAF) /
ES[SDRI\]IE (WAF) 8 56 40 80 32 12 EN 1995-1-1:2025
HF(HEX) / W(WAF) 10 70 50 100 40 15 EN 1995-1-1:2025
Screws inserted with a= 90° angle with respect to the grain Crossed screws inserted with an angle o with respect to the grain
B " " Aot “— \I\
I L3
l l a,
- +
‘ ‘ At Buct
e N —| aERDSS
85t a Aot
Y N —|
aS,ct aw
plan front plan front

Nomenclature according to Eurocode S (en 1995-1-1:2025) Table 11.22

a1, min Spacing in a plane parallel to grain

a2,min Spacing perpendicular to grain

az,ct,min End distance of the centroid of lw

ay,ct,min Edge distance of the centroid of lw

Across For crossing fasteners, a minimum distance should be applied

ESSVE
3]



Minimum spacings, edge and end distances

FOR LATERALLY-LOADED SCREWS ACCORDING TO STANDARD

EN 1995-1-1:2025 (TABLE 11.16)

o 1 mi . a3,t,min a3,c,min a4,t,min a4, c,min
Criteria Al a2,min (loaded end) (unloaded end) (loaded edge) (unloaded edge)

Not predrilled

pk < 430 kg/m® 10d 5d 15d 10d 7d 5d

pk > 430 kg/m?

bk < 500 kg/w 15d 7d 20d 15d 12d 7d

Predrilled
5d 4d 12d 7d 7d 3d

+ Minimum distances in accordance with STANDARD EN 1995-1-1:2025, + ETA-26/0158:2026; ETA-22/0789:2023

+ Minimum distances is valid for timber characteristic density of < 420 kg/m?* * Hole diameter dy, is valid for softwood.
Spacing of screws, and edge and end distances for screws Example of edge § end distance definition
subjected to lateral loading between two elements in different grain direction

aA c, aZ VaZ 94 c
Zl l 7
ch al al
— a, [ =
= = = .
= = = &
= = = B
= a = = L T = I A
1 8, 83¢ ag
o o o S

o 1 mi . a3, t,min a3,c,min a4,t,min al,c,min
Criteria Al a2,min (loaded end) (unloaded end) (loaded edge) (unloaded edge)

Not predrilled

dw (mm) 6 8.5 8 8,2 10 12
al (10d) 60 65 80 82 100 120
a2 (5d) 30 32,5 40 41 50 120
a3t (15d) 90 97,5 120 123 150 180
a3,c (10d) 60 65 80 82 100 120
a4t (7d) 42 45,5 56 57,4 70 84
a,c (5d) 30 32,5 40 A S0 60
With pre-drilled hole
dw (mm) 6 8,5 8 8,2 10 12
al (5d) 30 32,5 40 41 50 60
a2 (4d) 24 26 32 32,8 40 48
a3t (12d) 72 78 9% 98,4 120 144
a3,c(7d) 42 45,5 56 57,4 70 84
a4t (7d) 42 45,5 56 57,4 70 84
ad4,c (3d) 18 195 24 24,6 30 36

| 9



Minimum spacings, edge and end distances

FOR FASTENERS IN CLT EUROCODE 5 (EN 1995-1-1:2025)

(TABLE 11.19)

e : . a3,t,min a3,c,min a4,t,min
Criteria al,min gelny (loaded end) (unloaded end) (loaded edge)
4d 6d 6d 6d

Wide face
Edge face

10d

2.5d
3d

12d

7d

*ak,c,min: can be reduced to 3d according ETA-22/0789 of 13.03.2023 for the following screws:
+ CY-FT, « C-FT, +C-PT, = H-PT

Wide face Gt <
T
DN =
[ [
a, a, Z
\ﬂ<f““:>kt“>%\ a
R 3¢~
t S © a2
cLT ° © © a,
=z \
[ [ [
=

ad,c,min
(unloaded edge)

2.5d
5d 5d*
Py w
=
[ [
=

o> | es | s | s | w | 2

WIDE FACE/ Not predrilled

al (4d)
a2 (2,5d)

a3,t(6d)
a3,c (6d)
a4t (6d)

al,c cross (2,5d)

Edge face

24
15
36
36
36
15

a, <_

8 a =

4

CLT

16,25

32
20
48
48
48

20

32,8
20,5
49,2
49,2
48,2
20,5

40
25
60
60
60

25

40
30
72
72
72

30

T I T - T B R BT

EDGE FACE / Not predrilled

al (10d) 60 65 80 82 100 120
a2 (3d) 18 19,5 24 24,6 30 36
a3.t(12d) 72 78 96 98,4 120 144
a3,c(7d) 42 45,5 56 57,4 70 84
at,t (5d) 30 325 40 41 50 60
ati,c cross (5d) 15 16,25 20 20,5 25 30

95|
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ESSVE AB - engineering support: engineering@essve.com

SWEDEN NORWAY

+46 86236150 +47 22884040

WWW.ESSvVe.com WWW.essve.no

FINLAND ESTONIA

+358 95259030  +372 6348444

www.essve.fi WWW.essve.ee

LATVIA LITHUANIA POLAND

+371 28637373  +370 67044598  +48 604542765
www.essve.lv www.essve.lt www.essve.pl

Technical expertise:

We can technically
support structural
engineersin 7
different countries.

Experience:

We have been Nordic
specialists in the
manufacture of
timber construction
screws for over 50-
years.

Always available:

Nationwide
distribution in Nordic
and Baltic markets
with over 1100
retailers.

ESSVE

Service oriented:

Free dimensioning
software for

structural engineers.

Programs for both
concrete § timber.

TIMBR TECH

Safety:

Our screws are
approved according
to ETA-22/0789 &
ETA-26/0158.

ESSVE TimbrTech-v202603eng
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