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Hilti Coupler Wood (HCW)

1. INTRODUCTION

No other challenge keeps the construction industry busier than the need to increase efficiency. Becoming
more productive, providing more safety and at the same time building more sustainably are all burning
topics. An answer to these challenges is the prefabrication of construction elements which has long been
standard in other industries.

The concept of prefabrication or off-site fabrication is predominant in timber construction. An example is
shown in Fig. 1.1 of the prefabrication of timber elements for residential construction. Optimized
processes provide significant advantages with respect to speed and flexibility. One important aspect is
how to bring this speed and flexibility to the construction site. To allow a quick and easy connection
between two timber elements or a timber element and the concrete member (e.g. foundation) both in the
inhouse prefabrication and on the job site, Hilti developed a special connector which is described in
Section 2. This paper focuses on the connection between the timber elements and the concrete member,
explains challenges in design and provides guidance how to design the connection detail. The
verifications of relevant failure modes in the timber element and in the concrete member are explained in
Section 3. Modifications are needed in design to account for the distance between the timber element
and the concrete member (stand-off condition) which results in an overturning moment on the
connection. A new design approach was developed and verified by testing which is described in Section
4. In Section 5 and 6 the realization in a software module is described and a calculation example is
provided.

=

QI 1

Fig. 1.1: Example of how early and integrated planning in combination with digital processes help to speed up construction

2. HILTI COUPLER WOOD (HCW)

Hilti developed a new connector named HCW for faster and more efficient assembly of prefabricated
timber elements carrying a European Technical Assessment (ETA-21/0357 [1]) according to EAD 130186-
00-0603 [2]. There are two different versions of the coupler available (HCW and HCW-L). The HCW can
be used to transfer both tension and shear loads from the timber member via the coupler and anchor to
the base material, whereas HCW-L only transfers tension loads to the base material (realized by slotted
holes in the sole plate and the smooth outside of the connector) (see Fig. 2.1). Within a timber frame
element, HCW connectors transfer horizontal loads into the sole plate while HCW-L connectors hold
down the structure (uplift).
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HCW-L: Transfer
tensile loads (Fay g)
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Fig. 2.1: The Hilti Coupler Wood is available in two different versions (HCW-L (left), HCW (right))

The Hilti Coupler Wood (HCW) can be used to connect two timber elements or a timber element to a
concrete member. For the connection between two timber elements the HCW is connected with a hanger
bolt (HSW or equivalent). For the connection between a timber element and a concrete member, the
HCW is connected with a Hilti post-installed mechanical or chemical anchoring system (e.g. HST3, HAS-
U in combination with a Hilti injection mortar). The Hilti anchoring systems are illustrated in Fig. 2.2 and
Fig. 2.3.

i

Fig. 2.2: Connection between two timber elements with HCW and hanger bolt

i

Stud anchor (e.g. HST3)

1

Chemical anchor (e.g. HIT-HY200 with HAS-U)
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Fig. 2.3: Connection between a timber element and a concrete member with HCW and post-installed anchors

A clamping mechanism is integrated in the steel body of the HCW which connects the threaded part of
the Hilti anchoring system with the clamping jaws by a push-to-fit mechanism. The diameter of the HCW
is 37 mm (outer diameter 40mm) and the inner diameter is 12.2 mm (compatible for an anchor size M12)
(see Fig. 2.4).

Marking: “Hilti HCW"

37
40 < >

28

45

N

|1

:H:

T122

22

O\

Fig. 2.4: Clamping mechanism in the HCW

2.1 Applications

One of the main applications for the Hilti Coupler Wood (HCW) is the connection of prefabricated timber
panels with the concrete foundation (Fig. 2.5). The position of the HCW in the sole plate matches the
exact position of the anchors in the concrete member. To help ensure a horizontal position of the timber
panel, leveling nuts are used. This results in a stand-off condition. The gap between concrete surface
and timber panel is filled with grout. The timber panels can be both located close to the edge of the
concrete member or away from the concrete edge.

Fig. 2.5: Installation of a prefabricated timber panel on site
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Timber

Grout layer

Concrete

Levelling nut

Fig. 2.6: Positioning of the HCW on top of the post-installed anchor with a levelling nut

3. DESIGN OF A TIMBER-TO-CONCRETE CONNECTION
WITH HCW

The Hilti Coupler Wood (HCW) in the timber element can transfer tensile loads ( F, o0), Shear loads parallel
to the grain (F, () and shear loads perpendicular to the grain (F, o) via a Hilti post-installed anchoring
system into the concrete member (Fig. 3.1).

Fig. 3.1: Loading directions

3.1 Verifications in the timber member

For the design of the connection in the timber element, the relevant verifications are given in the European
Technical Assessment ETA-21/0357 [1]. The timber specific verifications are in accordance with the
Eurocode 5. The following verifications need to be done:

= Tension failure perpendicular to the grain (HCW pulls out of the timber element)

(Fax,90,Ed < Fax,90,Rd)

=  Tension failure of the clamping mechanism (anchor pulls out of the HCW)
(Fax,QO,Ed < Ft,Rd)

=  Shear failure parallel to the grain (F, 0 gq < Fy0,ra)

=  Shear failure perpendicular to the grain (F,, 90 ra < Fy90,ra)

In case of tension and shear loads, the following interaction equation needs to be fulfilled.

2 2 2
(Faxo0,6a/ Faxra)” + (Fooea/Frora)” + (Fuoopa/Fooora)” <1
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3.2 \Verifications of the connection in concrete

For the design of the connection in concrete, the provisions given in EN 1992-4 [3] can be used even
though the load is introduced by the HCW and a timber element via the Hilti anchoring system to the
concrete instead of a rigid baseplate as required by EN 1992-4 [3]. This is justified since the verification
is done for a single anchor. The approach is verified by internal testing.

The following verifications under tension loading need to be done:

= Steel failure (Fyx 0054 < Nra,s)

= Pull-out failure (in case of mechanical anchors) (Fgx90,54 < Nrap)

* Combined pull-out and concrete failure (in case of bonded anchors) (Fax90,6¢ < Nrap)
= Concrete cone failure (Fax90£4 < Nra,c)

= Concrete splitting failure (Fgx00,5a¢ < Nra,sp)

The following verifications under shear loading need to be done (F, zq = (Fyoz4” + FV,QOVEdZ)O'S):

=  Steel failure with lever arm (F, g < Vea,sm)
=  Concrete pryout failure (Fy gq < Vra,cp)
= Concrete edge failure (F,gq < Vra,)

For the calculation of the lever arm, the thickness of the fixture (t;,) is defined in the European
Technical Assessment ETA-21/0357 [1].

With nut: Without nut:

v ‘
tar =275

tex = 9.5

add. lever arm = 18

»la
+ rrur

[

h J

‘ (values in mm)

Fig. 3.2: Definition of t, in case of a levelling nut and t,, and the additional lever arm in case of no levelling nut

In case of tension and shear loads one of the following interaction equations needs to be fulfilled for
failure modes other than steel failure.

(Fax905a/Nra)™® + (Foopa/Vea)™® <1 0f  (Faxooea/Nrai) + (Fyora/Vrai) < 1.2

In case of steel failure, the interaction between tension and shear is described in Section 4.

4. STAND OFF DESIGN

As described in Section 2.1, levelling of the prefabricated timber panels leads to a stand-off condition.
The shear load induces a secondary overturning moment in the connection. The resolution of the
secondary overturning moment in the anchor results in an additional shear component. The net effect is
to reduce the capacity of the anchoring system as governed by concrete and steel failure. For steel
failure, EN 1992-4 [3] provides guidance on how to reduce the steel capacity of the connection in case
of a stand-off condition. The verification is described in detail in Section 4.1. In case of anchoring close
to an edge of a concrete member, concrete edge failure can occur. If the shear load acts with a lever
arm, the effect of the secondary overturning moment on the concrete edge resistance is not considered
in EN 1992-4 [3]. To overcome this limitation, Hilti developed a design approach for stand-off conditions
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close to the edge of a concrete member which 1) provides a calculation model close to concrete edges
and 2) gives improved provisions for steel failure in shear with lever arm. The new design approach is an
extension of the provisions given in EN 1992-4 [3]. It is described in Section 4.2 Experimental
investigations were performed to verify the model (see Section 4.3).

4.1 Stand-off design according to EN 1992-4

Steel failure in shear with lever arm

In EN 1992-4 [3] provisions, the characteristic steel resistance of anchors in stand-off connections is
given in 7.2.2.3.2. EN 1992-4 eq. (7.37) is provided as Eq. (1) below.

ay M
Veksy = Ml—erS (1)
a
where
ay = 1.0 (single curvature) or 2.0 (double curvature) as determined by the user
Mgy, s = characteristic bending resistance of the anchor accounting for the presence of a
tension load
= Mgys(1 = Nga/Ngas)
My = characteristic bending resistance of a single anchor taken from the European Technical
Assessment
W, = elastic section modulus of the threaded portion of the anchor; should be taken in
relation to the net tensile area of the anchor
ly = effective lever arm
= e, + a; (seeillustration in Fig. 4.1)
e, = distance between the concrete surface and the centerline of the steel plate
az = 0.5d where clamping at the concrete surface is not present

= 0 where clamping at the concrete surface is present

l Ve

’ ]( //’ : P4
7
e /V .
o e l_
fix
ay €4 ‘

Fig. 4.1: Definition of the lever arm according to EN 1992-4

In case of combined tension and shear loading no interaction needs to be carried out since the tension
load is already considered in Eq. (1).
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Concrete edge failure in shear with lever arm

In EN 1992-4 [3] provisions, the effect of an overturning moment on the concrete edge breakout
resistance is not considered and therefore, no design is possible according to EN 1992-4 [3] in case of a
stand-off configuration close to the edge of a concrete member.

4.2 Improved approach for stand-off design
Steel failure in shear with lever arm

Eq. (2) provides an improved approach to calculate steel failure under shear load with lever arm. The
approach is based on research performed by McBride (2014) [4].

Vei,sm = ( ,Ofs,M2 +1- as,M) “Vrk,s < Vris @)

where
VRi,s = characteristic shear resistance taken from the European Technical Assessment
sy = 15-l/ay-d
ay = 1.0 (single curvature) or 2.0 (double curvature) as determined by the user
l, = effective lever arm
= e, + a3 (conservatively taken from EN 1992-4 [3], see Section 4.1, illustration in Fig. 4.1)
e = distance between the concrete surface and the centerline of the steel plate
az = 0.5d where clamping at the concrete surface is not present

= 0 where clamping at the concrete surface is present

Since the tension load is not part of Vgysm @s per EN 1992-4 [3], the following verification needs to be
fulfilled for combined tension and shear loading:

<1.0 @)

2
(Fax,‘)o,Ed) + Fv,Ed

N Rd,s VRd,s,M

Concrete edge failure in shear with lever arm

The basic equation to calculate concrete edge failure in a stand-off configuration is taken from EN 1992-
4, Section 7.2.2.5. To take into account the secondary overturning moment on the concrete edge
breakout resistance, a reduction factor (i,,,,) was developed and is used as a multiplier on the concrete
edge resistance. y,,,, is given in Eq. (4).

1
Vo= O T “
d3/4' (247
where
c = a constant representing the elastic interaction between the anchor and concrete
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0.213 [1/mm°®%°]

effective exposed length (conservatively taken from EN 1992-4 [3], see Section 4.1, illustration
in Fig. 4.1)

—~
Q
I

curvature coefficient for the anchor

497

4.3 Experimental investigations

To verify the reduction of the concrete breakout resistance due to the secondary overturning moment,
Hilti performed experimental investigations. The test program is given in Table 4.1. Tests were performed
with HST3 M12, hg =70 mm clamped to the concrete surface. The tests were performed with two
different edge distances (c; = 55 mm, 105 mm) and three stand-off conditions (t,, = 0 mm, 30 mm, 50mm).
No grout pad was used. The tests were performed on the conservative side with a gap between concrete
surface and timber element using a levelling nut. The measured concrete compressive strength on a cube
with a side length of 150 mm was between 30,3 and 35,6 MPa. All test results were normalized to a
compressive strength of 30 MPa.

Table 4.1: Test program (HCW + HST3 M12 loaded in shear close to the edge)

I — Cy [mm] 1 [Mmm] hy [mm] No. of tests I, [mm]
—8 @ : 55 0 3 13,8
' % 3 55 30 3 43,8
| 55 50 3 63,8

B 260
: 105 0 3 13,8
Lo le Lot 105 30 3 43,8
SE-NN 105 50 3 63,8

Fig. 4.2: Concrete edge failure, Example c, = 105 mm, t, = 50 mm

In all tests, the controlling failure mode was concrete edge failure (see Fig. 4.2). The reduction of the
failure load with increasing lever arm can be seen in Fig. 4.3. In Fig. 4.4 the calculated reduction is
compared with the reduction of the concrete edge breakout resistance observed in the tests. It can be
seen that the modifier according to Equation (4) leads to a conservative prediction of the effect of the
overturning moment.
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VL-.tESt normailzed [kN}

0
0 10 20 30 40 50 60
Distance between concrete surface and timber element [mm]
Fig. 4.3: Measured failure loads
1.0

0.6 \z%ﬂ

W ol

0.4
¢ c1 =556mm
0.2 A c1=105mm
@ calculated acc. to Eq. (4)
0.0
0 10 20 30 40 50 60

Distance between concrete surface and timber element [mm]

Fig. 4.4: Reduction of failure load with increasing lever arm

5. SOFTWARE

In timber construction, the connection of structural members defines the innovative character of a
building. The company Ingtools provides tools to design connections and combinations in a simple and
pragmatic way. The online platform has a modular structure. Each module can be used separately.

The self-explanatory user interface allows intuitive handling. Drawings and three-dimensional
visualizations provide a vivid depiction of the calculation results. Formulas and the design flow are
presented in detail in the design report.

The Hilti Coupler Wood (HCW) can be designed in timber-to-timber and timber-to-concrete connections.
All verifications of the HCW in wood, as well as of the anchor in concrete, are performed in the software
module. Calculations can be saved as project specific by the user in a project management module. A
report can be generated as a pdf file. Use of the HCW module is free of charge (https://software.ing-
tools.de/modul/HiltiHCW).
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6. DESIGN EXAMPLE

A design example of a connection with Hilti HCW with HST3 M12 close to the edge of a concrete member
is shown below on one side to not only explain the verification steps in detail, but also to show the benefit
of using the improved approach for stand-off design described in Section 4.2.

Connection and geometry
Timber-to-concrete connection

——

T Fax,QD,Ed T Fax,QD,Ed

|

FV,D,Ed i FV,QD,Ed

— | —_— o)
: ji juny :
| | __?l
| |
' I
: | o
| | =
| |
| |
| |
| |
' |
side view Cq
R cross section
|
|
| I
|
| .
|
| v,0.Ed
- - <
I <
| |
top view ¢ F\ 00 £4

Fig. 6.1: Details of the connection
Components

Timber element: Softwood, C24 b/h = 60/160 mm pr = 350 kg/m3 a, = 80mm
Base material:  Concrete, C20/25, cracked  h, = 200 mm ¢, =70mm

Mortar layer: ty =20 mm

Connections

HCW 37x45 M12 (ETA-21/0357)
HST3 M12x165 90/70 (ETA-98/0001) her =70 mm hpom = 80 mm Tinst = 60 Nm
Borehole: hammer drilled

Installation condition: dry
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Loads
Service class: NKL1 - heated interiors

Fyoga = 6.0 kN  KLED: short  kyoq = 0.9
Fyo0pqa = 1.0 kN  KLED: short  kpoq = 0.9

Fax_g()_gd =1.0 kN KLED: short kmad =09

Design - verifications in the timber member

Tension failure perpendicular to the grain (HCW pulls out of the timber element)

Faxoork = 12.7 kN ETA-21/0357, Table C1
F, k 12.7

Fax,90,Rd = kmad ' a);j:’R =09- —13 = 8.8 kN

F, 1.0

_x0Fd _ Z= - 011 < 1.0

Fax,90,Rd 8.8

verification fulfilled @

Tension failure of the clamping mechanism (anchor pulls out of the HCW)

Fipx = 37.5 kN ETA-21/0357, Table C1
Fope 375

Fepa =% = 152 =30 kN

F 1.0

—X0kd -~ = 0.03< 1.0

Fora 30
verification fulfilled @

Shear failure parallel to the grain

Fyork = 28.8 kN ETA-21/0357, Table C1
Fy0,rk 28.8

Fyord = kmoa * v]/M =09- 13 =199 kN

Fropa _ 00 _ 5 10

Fyora 199 e

verification fulfilled @

Shear failure perpendicular to the grain

Fyo0rk = 12.5 kN ETA-21/0357, Table C1
Fy,90,RK 12.5

Fyo0ra = kmoa v)/—M =09- ﬁ =8.7kN

Fyooea 1.0

——=—=0.12<1.0

Fyo0ra 8.

verification fulfilled @

Combined tension and shear loads
(Fax,9o,5d/Fax,Rd)2 + (FV,O,Ed/Fv,O,Rd)Z + (Fv,‘)O,Ed/Fv,QO,Rd)Z =012<1

verification fulfilled @
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Design - verifications in the concrete member

Tension loads

Steel failure

Ngy,s = 45.1 kN

Yus = 1.4

Nags = NR_kss _ % =322kN
F 1.0
%‘:’fd:gzj=o.03s 1.0

verification fulfilled @

Pull-out failure

Y. =10
Ngip = 20 kN
Yup = 1.5
Ve Npep  1.0-20
Noo = P =13.3kN
kap Yup 1.5

Fax90Ed 1.0
—— =——=10.08<1.0
Nrap 133 =

verification fulfilled @

Concrete cone failure

ky = kcr,N =77

hef =70 mm

NPee = ks ffor " hef™® = 7.7-420-701° - 1073 = 20.2 kN

Sern =3 hep =3-70=210mm

Ay =Scrn * Sery = 210210 = 44100 mm?

Ay = (c1 405 5en) - (2-05"56n)
=(70+0.5-210)-(2-0.5-210) = 36750 mm?

c 70
=07403-—=09<1.0

=0.7+03"
Ysn O3 105
Yren = 1.0
wec,N =10
Yyn =10
0 AC,N
Nik,e = Nrke o Ysn Vren  Ween * Yun
c,N
=20.17 36750 09-1.0-1.0-1.0 =15.1 kN
' 44100 T T T T T
Ywe =19 15.1
Rk,c .
N, =——=——+=10.1kN
FRd'C )/Mcl 0 1.5
—0Ed - = 01<1.0
Nrae 101

verification fulfilled @

Hilti Coupler Wood (HCW)

ETA-98/0001, Table C2

ETA-98/0001, Table C2
ETA-98/0001, Table C2

EN 1992-4, 7.2.1.4

EN 1992-4, Eq. (7.2)
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Splitting failure
NI?k,sp,ETA =25kN
Nisp = We * N spera = 1.0 - 25 = 25 kN
Sersp = 3 hep =3-70=210mm
Ay = Sersp * Sersp = 210+ 210 = 44100 mm?
Ay = (1 + 0.5 5cr5p) (2705 Ser5p)
= (70 +0.5-210) - (2- 0.5-210) = 36750 mm?
hef,min =50mm

hmin = 100 + Ros — hof min = 100 + 70 — 50 = 120 mm

Cq1 70
=0.7 3 =0.7 3 —=09<1.
Yoy =0.7+0.3 Corom 0.7+ 0.3 105 09<1.0
hy 3 hep + 1.5 ¢\
Yhsp = <—2) < maxil; <M> <20
hmin hmin

200\%/3 70 + 1.5 - 70\*/3
= (m) < max 1;(7120 ) <20

=141 <max{1;1.29} < 2.0
=1.29

NRk,sp = N}(?)k,sp ' 'Iljs,N ' 1pre,N 'lpec,N 'lph,sp =25

Aly
YMmsp = 15
Ngk,sp _ 24.2

——=16.1kN
YuMsp 1.5

NRd,sp =

Fax,90,Ed — 1.0 =0.06<1.0
Npasp 161 =7

verification fulfilled @

Shear loads
Steel failure without lever arm

Vs = 35 kN

Viks = k7 - Vi s = 1.0 35.4 = 35.4 kN

Veks 354

Veas =——=-—==283kN

Rds =y e 125
Loads:
Fv,Ed= ,FI;Z_(),Ed+FvZ,90,Ed= 62+ 12 =6.1kN
FvEd 6.1

— =——=10.22<1.0
Vras 283

verification fulfilled @

Acy 36750
44100

Hilti Coupler Wood (HCW)

ETA-98/0001, Table C2

ETA-98/0001, Table B12
ETA-98/0001, Table B12

-09-1.0-1.0-1.0-1.29 =242 kN

ETA-98/0001, Table C4

EN 1992-4, Eq. (7.35)
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Steel failure with lever arm

|
| tﬁx |
I I
€4
L la

4
1 Va |
s ‘ s A
< Lr2 A
te; .
elz%+tM=T+20=33.8mm
lo =e;=33.8mm
aMZZ.O

Verification according to EN 1992-4 [3] (see Section 4.1)

Fax,90,d _ < 1 )_
Nags =105-(1 3271 =101.7 Nm

Ay Mpis 210174

Mpes = Mpy s - (1 -

VRk,S,M = l = 33 8 = 60 kN
a .
VRksM 6.0
=22 =—— =48kN
Vea.sm Yus  1.25 Bk
Fypa 6.1
- =—=126>1.0
Veasm 4.8

verification not fulfilled 0

Hilti Coupler Wood (HCW)

(Resistance is not sufficient according to the calculation method given in EN 1992-4 [3])

Verification according to improved design method for stand-off configurations (see Section 4.2)

15-, 15-338
FsM =0 "d " 2-12

Veksy = < /ag,M +1-— aS,M> Vars = (V212 +1-2.1)-354 = 8.0 kN

Veksm 8.0
=-RksM _ " _ g4 kN
Fopa 81 _ 595 <10
Veasm 64 0T

verification fulfilled @

Concrete pry-out failure

ky = kery = 7.7

her =70 mm

NPee = ks [for - heg™® = 7.7-420-701° - 1073 = 20.2 kN
Sern =3 hep =3-70=210mm

A2y = Sern * Sery = 210+ 210 = 44100 mm?

EN 1992-4,7.2.1.4
ETA-98/0001
EN 1992-4, Eq. (7.2)

Aey =(c1+05 s5n) (205 5,) = (704 0.5-210) - (2- 0.5 - 210) = 36750 mm?
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07403 - 2 07403--2 =09<10
Ysn = 0. ’ CCT‘N_ ' ~1050 T T
Yren = 1.0
lpec,N =10
lpM,N = 1.0

0 AC,N
Npk,e = NRk,c 'AT : Ips,N 'll)re,N 'll)ec,N 'IPM,N
c,N

=20.2 36750 09-1.0-1.0-1.0 =15.1kN

- 44100 T T T T T
kg =2.78 ETA-98/0001, Table C4
VRk,Cp = kg " NRkC = 2.78 " 15.1 = 4’2.1 kN

Vekep 421
V, = — = ——=28.0 kN
Ra.cp Ymc 1.5

Loads:

Fv,Ed = Fyz_(),Ed+sz,90,Ed :\/62 +12=6.1kN

Foea _ 6.1
: =——=0.22<1.0
Vrasm 28.0 -

verification fulfilled @

Concrete edge failure
Verification according to EN 1992-4 [3] is not possible (see Section 4.1). EN 1992-4 [3] does not consider

the effect of the secondary overturning moment on the concrete edge resistance.

Verification according to improved design method for stand-off configurations (see Section 4.2)

ko = 1.7 EN 1992-4,7.2.2.5
Ao = 12 mm ETA-98/0001, Table C4
lp = 70 mm ETA-98/0001, Table C4
—o01-(¥ O'5—01 (70)0'5—01
=0\ 570 T
0.2 0.2

_ dnom _ 12 _
p =01 ( . ) =01 (70) =0.07

Vi = ko * A%m 18+ \[for - ¢ 25 = 1.7-1201-70%07 .20 - 705 - 1072 = 7.7 kN EN 1992-4, Eq. (7.41)

A%, =45 ¢;2=45-70-70 = 22050 mm?
Ay =(2-15¢)-15-¢; = (2-1.5:70)- 1.5+ 70 = 22050 mm?

1
= ! = ! = 0.64
1””"”_“_ c 1, ,0213 338
/s Au 12%. 2
sy = 1.0
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_ (1.5 : Cl)o.s _ (1.5 : 70)0'5 > 1.0
Yny = h, ~\ 200 ="
lpec,V =1.0
F,
Qy = arccos —v0d | -go54
Floa+ Fiooa
= ! =1924>1
Yay = (cosa,)? + (0.5 sina,)2 T
Yrey = 1.0
o Ay 22050
Vrie = Vi .AT Ypu Ysy  Ynv  Weey  Vay  Wrey = 7.7 52050 0.64-1.0-1.0-1.0-1924-1.0
c,N
=95kN
Vake 95
Veac = — =-—=63kN
Rae™ yye 15
Fyea 6.1
—=-—=096<1.0
Veae 63 =

verification fulfilled @

Combined tension and shear loads

Interaction of steel failure modes

2 2
Fax00,Ed FyEa < 1.0 ) 6.1
— — === — =04+095=095<1.0
< Nga,s * VRd,s,m 32.2 * 6.4 + =

verification fulfilled @

Interaction of concrete failure modes

Nga; = min{Ng4p, Ngac, Nrasp) = min(13.3,10.1,16.1) = 10.1 kN

VRd,i = min{VRd,cp, VRd,c) = min(28.0, 63) =63 kN
Fax90Ed FyEa ( 1.0 ) (6.1)

»2Y, ’ = | — —_) = 1 A = 1 < 12
< Nrai + Vidi 101 + 63 0.1+ 0.96 06 <

verification fulfilled @

Summary of verifications

Verifications in the timber member

F, 1.0
Tension failure perpendicular to the grain: _ax90kd _ 38 011<1.0

F ax,90,Rd 8.

; ; . . Fax90Ed 1.0
Tension failure of the clamping mechanism: —— =——=0.03<1.0
Fira 0.0

17 /20



=030<1.0

0.12<1.0

Fv,QO,Ed

Hilti Coupler Wood (HCW)

. . Fyopa 6.0
Shear failure parallel to the grain: 2Rt =
Fyora 199
. . . Fv 90 Ed 1.0
Shear failure perpendicular to the grain: — ==
Fv,90,Rd 8.
Combined tension and shear loads: <F‘“‘r9°'5d
Fax,90,Rd

Verifications in the concrete member

2 2
F,

) +< U’O‘Ed> +<
Fy0,ra

Tension - steel failure: M - ﬂ =0.03<10
Npas 322
Tension - pullout failure: Faxooa = 10 =0.08<1.0
Ngap 13.3
H H . Fax 90,Ed 1.0
Tension - concrete cone failure: —ax90Ed _ T _ 010< 1.0
Npae 101
H Y H . Fax 90,Ed 1.0
Tension - splitting failure: ———=——=0.06<1.0
Nrasp  16.1
. . . Fopa 6.1
Shear - steel failure without lever arm: =l - —0.22<1.0
Vras 283
. ) ) Fopa 6.1
Shear - steel failure with lever arm: 0% - =-095<1.0
Veasm 6.4
Lo Fypa 61
Shear - concrete pry-out failure: 227 = =022<10
Veaep 280
L Fopa 6.1
Shear - concrete edge failure: 22—~ 096< 1.0
Veae 63
F > F 1.0
Combined tension and shear loads: ( “"‘90501) +Ed _ (_
NRd,s VRd,s,M 32.2

7. SUMMARY

F v,90,Rd

2

) =012<1.0
+ 2 h9s <10
64 T

The paper presents a new connector named HCW for faster and more efficient assembly of prefabricated
timber elements. An advanced design method considering the effect of the secondary overturning
moment created due to the stand-off condition was developed and verified by testing. The design method
including the verifications in the timber element as well as the verifications in the concrete member is
implemented in a software module which enables a fast and easy-to-understand design of the
connection. It is noted that the concept is verified by experimental investigations with Hilti anchoring
systems in combination with the Hilti Coupler Wood (HCW). An extension of the design method to other

products should not be done without further consideration.
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Hilti Coupler Wood (HCW)
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