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Hilti Coupler Wood (HCW)

1. Introduction

Few challenges keep the construction industry busier than the need to increase efficiency. Increasing
productivity, improving safety and, at the same time, building more sustainably are all burning topics.
One solution 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 on 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. Design modifications are needed 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.

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 covered by a European Technical Assessment (ETA-21/0357 [1]) according to EAD
130186-00-0603 [2]. There are three different versions of the coupler available (HCW, HCW-S 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 (achieved by slotted holes in the sole plate and the smooth outer surface of the connector) and
HCW-S transfers only shear force (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) and HCW-S
transfers the shear force.
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Fig. 2.1: The Hilti Coupler Wood is available in three different versions (HCW-L, HCW and HCW-S)

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). 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., HST4, HST2 V3, 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
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Chemical anchor (e.g., HIT-HY200 with HAS-U)

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

45

ANAANAANA o

[T

vVvvvwvyy

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

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,, o), Shear loads parallel
to the grain (F, ) and shear loads perpendicular to the grain (F, oo) via a Hilti post-installed anchoring
system into the concrete member (Fig. 3.1).
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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,90,Ed < Ft,Rd)

=  Shear failure parallel to the grain (F, 0 gg < Fy,0rq)

=  Shear failure perpendicular to the grain (Fy,00 za < Fy90,ra)

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

2 2 2
(Fax90,6a/ Faxra)” + (Foo5a/Frora)” + (Fyo05a/Fooora)” <1

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 testing.

The following verifications under tension loading need to be done:

= Steel failure (Fyx0054 < Nra,s)

=  Pull-out failure (in case of mechanical anchors) (Fgx90£qa < Nrap)

* Combined pull-out and concrete failure (in case of bonded anchors) (Fgx00.£q¢ < Nrap)
=  Concrete cone failure (Fgy 904 < Nrac)

= Concrete splitting failure (Fgx005a < Nra,sp)

The following verifications under shear loading need to be done (F,zq = (Fyora” + F,,,go_Edz)O's):

=  Steel failure with lever arm (F, pq < Vrasm)
=  Concrete pryout failure (Fygq < Vracp)
=  Concrete edge failure (F, pg < Vra,c)

For the calculation of the lever arm, the thickness of the fixture (t;,) is defined in the European
Technical Assessment ETA-21/0357 [1].
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With nut: Without nut:
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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)™® + (Fpopa/Vea)™® <1 0f  (Faxoo0,5a/Nrai) + (Fyora/Vra:) < 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
close to the edge of a concrete member which 1) provides a calculation model for anchors 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
Viksy = M "Rks (1)
19 la
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

= Mpys(1—Nga/Nras)
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My = characteristic bending resistance of a single anchor taken from the European Technical
Assessment
Wy = elastic section modulus of the threaded portion of the anchor; should be taken in

relation to the net tensile area of the anchor
l, = effective lever arm
= e, + az (seeillustration in Fig. 4.1)
e = distance between the concrete surface and the centerline of the steel plate
as = 0.5d where clamping at the concrete surface is not present

= 0 where clamping at the concrete surface is present

VEd
1 ~ Vs |" |
| /_ / 1 - fastener
¥ 3
o BV I | 2 - concrete element
1 4 N 3 - attachment
// Vs |
v a 1
Trix Lo
d3 &
2 [

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).

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

Eqg. (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].

Vek,sm = ( /as,MZ +1- as,M) “Vei,s < Vs @)

where
VRi,s = characteristic shear resistance taken from the European Technical Assessment
s M = 1.5'la/0(M'd
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ay = 1.0 (single curvature) or 2.0 (double curvature) as determined by the user

= effective lever arm

= e, + az (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

as = 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 V. 5 as 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

NRd,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. ¥, ,, is given in Eq. (4).

1
R (4)
d3/4 (2574
where
c = a constant representing the elastic interaction between the anchor and concrete

0.213 [1/mm°?]

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

~
Q
]

ay curvature coefficient for the anchor

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 stud anchors HST3 M12, h; = 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.

9/20



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

Hilti Coupler Wood (HCW)

Fv.w.d
-

: C¢ [mm] tm [mm] h, [mm] No. of tests I, [mm]
N | Ny 55 0 3 13,8
DNV 55 30 3 438
o AV 7S .f/1|
SN 55 50 3 63,8
| K 260
SRR 105 0 3 13,8
edsdety 105 30 3 43,8
Jel 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 (left). In Fig. 4.3 (right) 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.

Vu,teat,nnrmailzed [kN]

30
¢ c1=556mm

25

A A c1=105mm
20
15 A
10 ¢

’ 4‘\‘
5
0

0 10 20 30 40 50 60

Distance between concrete surface and timber element [mm]

Fig. 4.3: Measured failure loads
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1.0

08 :X T
0.6 \A\

Wy o[

0.4

¢ c1 =55mm
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 (right)

5. Software

In timber construction, the connection of structural members defines the innovative character of a
building. 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 clear visualization 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 files 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://hilti.ing-
tools.de/modul/HiltiHCW).
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6. Design example

A design example of a connection with Hilti HCW with HST4 M12 close to the edge of a concrete member
is shown below. This example not only explains the verification steps in detail, but also demonstrates 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,00,£4

i

H
ol

Fy.0.ed i m F 00.Ed
— —.
: juni

tw

h,

side view
T T T T cross section
|

|

i I

|

| | ]

|

| v,0.Ed

: -t - -
I ©

| |

top view ¢ F\ 00 £4

Fig. 6.1: Connection and geometry for the connections

Components

Timber element: Softwood, C24 b/h =60/160mm  p, = 350 kg/m3 a, = 80mm
Base material:  Concrete, C20/25, cracked  h, = 200 mm ¢, =70mm
Reinforcement to take up splitting forces present

Mortar layer: ty =20mm

Connections

HCW 37x45 M12 (ETA-21/0357)
HST4 M12x170 90/70 (ETA-21/0878) he = 75mm hpom = 84 mm Tinst = 60 Nm
Borehole: hammer drilled

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

Fyopa = 6.0 kN  KLED:short  kpoq = 0.9
Fyo0pqa = 1.0 kN  KLED: short  kpoq = 0.9

Fax,90,Ed =1.0kN KLED: short Kkmoa = 0.9

Design - verifications in the timber member

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

Faxoork = 12.9 kN ETA-21/0357, Table C1

Fax.90,rK 12.9
Fax90,rd = kmod 2 =09 13 = 8.9 kN
Ym .

Faxsopa _ 10 _ 00 1)
Faxoora 89 7

verification fulfilled @

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

Fopx = 42 kN ETA-21/0357, Table C1
 Fome 42

Fipa = Vo 125 33.6 kN

Faxgopa _ 10 _ 6310

Fira 336
verification fulfilled @

Shear failure parallel to the grain

Fyork = 28.2 kN ETA-21/0357, Table C1
Fy o0 Rk 28.2

Fyora = Kmoa * V]/M =09 ﬁ =19.5 kN

Fropa _ 60 _ o1,

Foora 19.5 o

verification fulfilled @

Shear failure perpendicular to the grain

Fyoork = 14.8 kN ETA-21/0357, Table C1
F, 14.8
Fyoora = kmoq - —2BK — 0.9 —— = 10.25 kN
Ym 1.3
Fooopa _ 1.0 _ 01 <10

Fho0ra 10.25
verification fulfilled @

Combined tension and shear loads
2 2 2
(Faxo0,ea/ Faxra)” + (Foo.6a/Fpora)” + (Fuoeo0pa/Fooora)” =012 <1

verification fulfilled @
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Design - verifications in the concrete member

Tension loads

Steel failure
NRk,S = 46 kN
Rk,s
Noo = S — — =328kN
FRd,s yMSl . 1.4
Zex90EFd _ =7 _ 003 < 1.0
Ngas 32.8

verification fulfilled @

Pull-out failure

e = 1.0
Newp = 28 kN
yMp =15
e Newp 1.0-28
NRd,p = =
}/Mp 1.5

Faxgora _ 10 _ 505219
Neap 187 oo

verification fulfilled @

= 18.7 kN

Concrete cone failure

ki = kery =89

hef =75mm

Nde = kg [for - hes'® =89 -V20- 7515 - 1073 = 259 kN
Sern =3 hep =375 =225mm

A2y = Scry * Sery = 225225 = 50,625 mm?

Acn=(c1+05 s5n) (2:055,n)

= (754 0.5-225)-(2-0.5-225) = 42,188 mm?

c 75

Ysn=07+03" o =0.7+4+03" s 09<1.0
Yren = 1.0
lIjec,N =1.0
IIJM_N = 10
0 AC,N
Npg,e = NRk,c AT ' ¢S,N 'lpre,N 'lpec,N 'lpM,N
c,N
=259 42188 09-1.0-1.0-1.0 =194 kN
50625 ' ' DO
Yme = 1.5
NRkc 19.4
Npgc = yRk; =-=129kN

Hilti Coupler Wood (HCW)

ETA-21/0878, Table C1

ETA-21/0878, Table C1
ETA-21/0878, Table C1

ETA-21/0878, Table C1
ETA-21/0878, Table C1
EN 1992-4, Eq. (7.2)

EN 1992-4, Eq. (7.3)

EN 1992-4, Eq. (7.4)
EN 1992-4, Eq. (7.5)

EN 1992-4, Eq. (7.6)

EN 1992-4, Eq. (7.7)

EN 1992-4, Table 7.1
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Fax,90,Ed 1.0 =0.08<1.0
Npae ~ 129

verification fulfilled @

Shear loads

Steel failure with lever arm

i TS

/‘

| tﬁx

€4
I,

| /
‘ 0
Lz A

trix 27.5
ey =—+ty=——+20=33.8mm

2 2
I, = e, = 33.8mm EN 1992-4, Eq. (6.2)

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

Moo = My . (1 —%‘) =110 (1 - ) = 1065 Nm EN 1992-4, Eq. (7.38)
aM'MRkS 2-106.5
Voo = s — 63 kN
Rks,M , lo s 33.8
_ YRk,sM — 2

Vadsm = —yMS o =50 kN
FvEd

EL 27 105> 1.0
Veasu 48

verification not fulfilled ©

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

Verification according to the improved design method for stand-off configurations (see Section 4.2)
_15-l, 15-338
FsM =0 " d " 212

Vrism = < /aSZJM +1- aS,M> Viks = (V212 +1-21) 374 =85 kN

=21

_Veesw _ 85 _ ooun
’VMS 1. 25
Fopa _ 61 _ 590 <10
Veasm 6.8 =

verification fulfilled @
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Concrete pryout failure
k1 = kCT,N = 8.9

hef =75mm

NQee = ki *\Fore - hep™® = 8.9-v20 - 7515 - 1073 = 25.9 kN

Sern =3 hep =375 =225mm

Ay = Scry * Sery = 225225 = 50,625 mm?

Hilti Coupler Wood (HCW)

ETA-21/0878, Table C1
ETA-21/0878, Table C1
EN 1992-4, Eq. (7.2)

EN 1992-4, Eq. (7.3)

Aen=(c1+05 s5n) (2:055,y) = (754 0.5-225) - (2 0.5 - 225) = 42188 mm?

C1

— . — . 75 —
Ysn =07+03 o 0.7+ 0.3 25— 09<1.0
Yren = 1.0
¢ec,N =1.0
wM,N = 10
—_ nO Acn
NRk,c = NRk,c .AT ' lps,N 'lpre,N 'lpec,N '1/’M,N
¢,N
=259 12188 09-1.0-1.0-1.0=19.4 kN
=239 5e5e 0 . . .0 =109.
kg = 2.74

Vekep = ke * Nrke = 2.74-19.4 = 53.1 kN

v 53.1
Riep _ 22 _ 354 kN
Ymc 1.5

VRd,cp =

Loads:

Fv,Ed = Fyz,o,Ed + F172,90,Ed =4/ 62 +12=6.1kN

Fopa _ 61 _17<10
Veasm 354 =7

verification fulfilled @

Concrete edge failure

EN 1992-4, Eq. (7.4)
EN 1992-4, Eq. (7.5)
EN 1992-4, Eq. (7.6)

EN 1992-4, Eq. (7.7)

ETA-21/0878, Table C4
EN 1992-4, Eq. (7.39%)

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)

kg = 1.7
dpom = 12 mm

lp =75mm

EN 1992-4,7.2.2.5
ETA-21/0878, Table C5
ETA-21/0878, Table C5
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Viee = ko * A% - 18+ \[Fo - 015 = 1.7-1201. 75007 .20 - 7015 - 103 = 7.7 kN EN 1992-4, Eq. (7.41)

Ay, =45-¢,2 =45-70-70 = 22,050 mm?
Ay =(2-15:¢)-15-¢; =(2-1.5-70) - 1.5- 70 = 22,050 mm?

1
= ! = ! = 0.64
"”W‘H C 1l ,,0213 338" ™
d’a @M 127 2
Yy =1.0
15-¢ 45 1570
= P =(—=—)"" =10
Yy = (00 = (g0 2
Yeey = 1.0
F,
ay = arccos( v90d ) = 80.54
Floq+ Flooa
= ! =1924>1
Yay = (cosa,)? + (0.5 sina,)2 T
Yrey = 1.0
o Acn 22,050
Veke = Vi o Ypu Vsy Vny Veerv  Yay  Wrey = 7.7 22050 0.64-1.0-1.0-1.0-1.924-1.0
c,N y
=9.5kN
Veke 9.5
Vrge =—==-—=63kN
Rdc YmMmc 1.5
F, 6.1
vEd _ = 0.96< 1.0
VRae 6.3

verification fulfilled @

Combined tension and shear loads

Interaction of steel failure modes

Faxo0Ed 2 F,kaq 1.0 2 6.1
— — = (553 —=04+090=090<1.0
( NRd,s >+ VRd,s,M (32.8) + 6.8 + -

verification fulfilled @

Interaction of concrete failure modes

Nga; = min{Ngg4p, Ngg) = min(18.7,12.9) = 12.9 kN

Vra,i = min{Vig cp, Vra,c) = min(35.4,6.3) = 6.3 kN

Fax,00,Ed Fyga ( 1.0 ) (6.1)

— — === —]=01+096=105<1.2
< NRd,i + VRd,i 129 + 6.3 + -

verification fulfilled @
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Summary of verifications

Verifications in the timber member

Fax,90,Ed - 1.0

Tension failure perpendicular to the grain: —=0.11<1.0
Fax,90,Rd 8.8
. . . . . Fax,90,Ed 1.0
Tension failure of the clamping mechanism: ————==—=0.03<51.0
Fipa 300
. . Fyopa _ 60
Shear failure parallel to the grain: ———=——=030<1.0
Foora 199
. . . Fyooea 1.0
Shear failure perpendicular to the grain: ———=—=0.12<1.0
Fyoora 8.7
F, 2 (F 2 (F 2
Combined tension and shear loads: < ax'9°'5d> + ( ”'O'Ed> + < ”'9°'Ed> =012<1.0
Fax,90,Rd Fv,O,Rd Fv,90,Rd
Verifications in the concrete member
Tension - steel failure: Fax,905a = 10 =0.03<1.0
Npas 328
Tension - pullout failure: Faxoopa _ 10 _ s <1.0
Nrap 186
Tension - concrete cone failure: M = ﬂ =008<1.0
Ngae 129 =
. ) ) Fopa 6.1
Shear - steel failure with lever arm: 25 - =090<1.0
Veasm 6.8
L Fyea 6.1
Shear - concrete pryout failure: 2l - —-017<1.0
Veaep 354
I Foeqa 6.1
Shear - concrete edge failure: 2E - =096<1.0
Veae 63 =
2 2
Combined tension and shear loads: Fax.00,pa Fopa _ (£> + 61 _ 0.90 < 1.0
Npas Veasu 1328/ ' 6.8

7. Summary

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 fast and easy-to-understand design of the connection.
It should be 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 undertaken without further consideration.
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