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1 Introduction

This contribution deals with investigations on the load-bearing behaviour of two-way
spanning cross-laminated-timber-concrete-composite slabs (CLTCC). To this aim, dif-
ferent examinations on shear connectors, slabs and slab sections, as well as on force-
fitting element joints were realized. The examination contains experimental tests of
different scale, FEM-simulations and static spring-models.
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Figure 1. Two-way spanning cross-laminated-timber-concrete-composite slab.

Cross-laminated timber (CLT) was selected for the timber layer, as it is capable of
bearing load biaxially. Two shear connectors, for which the load bearing behaviour in
uniaxial timber-concrete-composite (TCC) systems is well known, were examined in a
two-way spanning system: Fully threaded screws applied at an angle of 45° to the
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grain and rectangular notches. For both connections adequate construction guide-
lines in the given biaxial stress field and in combination with cross-laminated-timber
will be presented.

As transportation and production limit the element size of cross-laminated timber, a
force-fitting element joint is necessary to activate the biaxial load-bearing capacity.
With glued-in reinforcement bars, a connection will be shown, which meets both re-
guirements of stiffness and practical buildability.

Prior to the investigations, the following boundary conditions were specified, see Ta-
ble 1:

Table 1. Overview of parameters and boundary conditions.

Parameter Value

Concrete Strength class C20/25; very pourable (>F5); min.
reinforcement Amin = 1.88 cm?/m in each direction;
Layer thickness teoncrete = 60 - 80 mm

Cross-laminated timber Strength class C24; Individual Layer thickness
tiayer = 20 / 30 / 40 mm; Maximum 5 layers;
tar=120-160 mm

Shear connection Notch — rectangular, not reinforced; in different
sizes; Fully-threaded screw with 45° to the grain,
d=8.0mm, /=160 mm, leftimper = 110 mm

Separation layer between concrete and timber None

Supports All-side hinged; No hold against lifting
Side length ratio Ly/Lx=1
Element joint Glued-in reinforcement bars

In addition, the effect of torsion and the interaction of the principal span directions in
X- and y- axis are examined.

For a better understanding of the plate load-bearing behaviour, the slab is examined
in real tests and a solid FE-model with individual layer and connection detailing. Sim-
plified solutions for a continuous and homogenous distributed shear stiffness and a
representation of the element joint are given and are meant as the foundation for a
further simplified plate model.

Within the FEM simulations, the given two-spanning system is compared to common
one-way spanning timber-concrete-composite systems.

It was attempted to describe the most important aspects of the research results to
the given topic. Due to the length of this paper, some simplifications in the descrip-
tion had to be made. For detailed information, see [Loebus, 2017].

264



2

Shear connection

2.1 Alignment in plane
Notch < Screw
a=0° ' ' l
, ; J
: | o
1
I : i
y y
o8 \ : 4b L
I : 6=0°
= - ‘—A - - —
1
v ' 1 % ~ ™
1 4 6;»-‘0°€EI
} | L |
v : %"I
N o
1
[ e=0"_ HEYESSE
\ | ] Xy,
|:| Notch ﬂ Screw

]

o

Figure 2. Alignment of shear connection in plane (for

Grain direction
of top CLT-layer

Angle between
grain and notch

8

Principal shear force F,

Angle between principal
shear force and screw

plane definition compare also Figure 6).

INTER /50-12-7

The load bearing behaviour of the
given  shear connectors, fully
threaded screws applied at an angle
of 45° to the grain and rectangular
notches, is well known for uniaxial
timber-concrete-composite systems,
e.g. [Blalk et al, 1995] and
[Michelfelder, 2006]. In the follow-
ing, the connectors are examined in
a two-way spanning system. In a
stress field of a plate, the alighment
of the connectors in plane becomes
relevant. The connector follows ei-
ther the alignment of principal stress
or the given orthogonal alignment of
the CLT. In fabrication, the notch
cutting procedure fits an orthogonal
alignment and an alignment to wood
grain direction, while the screw can
be placed freely in plane without a
bigger effort and is independent
from the grain direction, when ne-
glecting the embedment. Therefore,
the screw can be aligned along the
direction of principal shear forces.

The alignment of shear connections is schematically shown in Figure 2.

2.2

Notch

2.2.1 General

The load-bearing behaviour of notches in a one-way spanning system and in solid
wood was recently summarized in [Kudla, 2015]. The slip modulus Ks, varies between
800 to 1,800 kN/mm/m, the load bearing capacity F, between 520 and 730 kN/m.
Regarding the two-way spanning CLT-concrete-composite system, two issues have to
be dealt with: (1) The rolling shear perpendicular to grain in the CLT as an additional
semi-rigidity in the cross-section in both load-bearing axis. (2) The obligatory activa-
tion of the y-axis (see Figure 1) with an effective smaller static height than the x-axis.

To develop a notch connection that works in both axis of the CLT, FEM-simulations,
two-sided push out tests and parametric studies were performed. The derived con-
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struction guidelines and load-bearing characteristics are given in the following. Three
major issues were identified, given in Figure 3.

7 7 7 7 >
/]
=11 L8 )
—
a) Notch parallel to grain (a = 0°) b) Notch perpenticular to grain (a = 90°)

Figure 3. Notch construction overview with (1) Load application into timber (2) Top layer thickness
(3) Activating a larger area for transmitting shear stress into the next layer by hanging back the
timber in front of the notch below the notch.

2.2.2 Shear load application into CLT

The evaluation of the push-out shear test as shown in Figure 4 and Table 2 show, that
a notch connection perpendicular to grain reaches only a fraction of load-bearing ca-
pacity and shear stiffness compared to a notch parallel to grain. Even if there is barri-
er effect of the next CLT-layer, the notch design in y-axis cannot be the same as in x-
axis. To activate both axis equally from the perspective of shear stiffness, it is neces-
sary to ensure a load application parallel to grain in both axis, as shown in Figure 3
no. 1.

a) Notch parallel to grain (a = 0°) b) Notch perpenticular to grain (a = 90°)

Figure 4. Failure mechanisms from push-out tests — Material according to Table 1. Notch depth t, =
20 mm; Top and second CLT-layer t; = t, = 20 mm;, Notch length Iy = 200 mm; Timber length in front
of the notch I, = 250 mm.

266



INTER /50-12-7

Table 2. Test results: Push-out tests according to Figure 4 and [EN 26891].

a toncrete™ Fu,mean Fi CV(F) ks, mean CV(ks) N
(°] [days] [kN/m] [kN/m] [%] [kN/mm/m] (%] [Piece]
0 17 344.7 295.9 6.5 676.5 30.1 3
0 120 370.5 322.0 1.6 759.5 25.3 2
90 17 97.4 86.5 35 134.0 15.6 3
90 120 124.7 106.5 4.8 83.1 5.1 2

* The first series was tested after reaching the minimum concrete strength C20/25 after teoncrete=17 days. The
top CLT-layer had relatively high humidity (~25%). After tconcrete = 120 days a second series was tested with
reduced humidity.

2.2.3 Influence of the top CLT-layers

In consequence of the necessity to apply the shear load parallel to grain in each plate
axis and respecting the fact that with increasing total notch depth the size of tension
stress in the concrete console increases, the top layers should be kept relatively thin,
see Figure 3 no. 2. As the element-joint requires a certain thickness in the bottom
CLT-layers, later shown in Section 3, this leads to an asymmetric CLT-layer setup.

2.2.4 Depth of notch in load-bearing CLT-layer

Regarding the characteristics of a notch in CLT, the dominant parameter is the rolling
shear stiffness of CLT-layers perpendicular to grain, as seen in the failure pictures of
Figure 4. The transfer of shear stress from the notch to the next soft shear layer can
be improved by enlarging the effective contact length between both layers. There-
fore, to enlarge the shear transmission area between the layers, the timber in front
of the notch should be hanged back beneath the notch, see Figure 3 no. 3 and the
comparison in Figure 5. In addition, gaps in CLT without edgewise bonding are by-
passed more effectively, if the transmission area is larger.

-10.281 Min

b) Notch depth t, = 15 mm, hanger thickniss At = t; — ty = 5 mm beneath the notch; Ksr = 707 kN/mm/m

Figure 5. Comparing the effect of a hanger for the timber in front of the notch by a shear stress
distribution tx; [N/mm?] with CLT-layer thickness t; =t = t3 = 20 mm [ANSYS 17.1].
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2.3 Screw
2.3.1 General

The load-bearing behaviour of screwed shear connections is examined exemplarily
with the fully-thread screw ASSY Plus, because it has a German and a European Tech-
nical Approval, [Z-9.1-648] and [ETA-13/0029], for CLT-concrete-composites. The slip
moduli in those approvals differ. Therefore, they are both taken into consideration.
The examinations on the biaxial load-bearing behaviour can be transferred to other
screw-types as long as the according slip moduli are given.

2.3.2 Differentiation in axial and lateral load application

From the perspective of the screw, it is differentiated between axial (x’) and lateral
(y') load application in plane, see Figure 6. Both load directions feature an individual
load bearing capacity and slip modulus, see Table 3.

i
F_ K F
il R &
b) Axial (ax)

a) Photo of the screw connection and the CLT of a plate test specimen, c) Lateral (lat)
described in detail in Section 4. For an exemplary screw plane, sections,
and force distribution are visualised.

Figure 6. Load application on a screw shear connection. Dimensions according to Table 1.
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Table 3. Load-bearing capacity and slip modulus of a fully-threaded screw timber-concrete-
composite connection with screws according to [ETA-13/0029] and [Z-9.1.-648]; px = 350 kg/m?

Axial (8 =0°) Lateral (6 =90°) Ratio axial / lateral
ETA (u*=0.25/0) abZ ETA abz ETA (u=0.25/0)  abz
Frk 7.8/6.2 6.2 3.1 3.6 [kN] 25/20 1.7 [
Kser 11.0 11.0 2.0 1.5 [kN/mm] 5.5 7.3 -]

* u = friction coefficient concrete-timber

According to Figure 7, the principal
ey shear force F can be distributed on
/ ) the equivalent slip moduli Kucand Kigt,
. AN represented as vectorised springs.
/ L From the resulting slip Us and uj: the
; I total slip uwr and together with F, the
— —MM— total slip modulus Ki: can be derived.
In practice the application of Kiy as
relevant slip modulus is difficult in
use, because the spring vector of K
is not in direction of F(6). For 0° < 8 <
90° the orthotropic slip moduli lead
to a deviating slip u; r perpendicular
to the force F. As the screws are ap-
plied in a bundle, it is assumed that
the potential slip u; ris braced by a
force redistribution on surrounding screws in other directions. Consequently, Kjr is
used as relevant slip modulus.

F

S ox | / I
o = F-sinB 7

Xy

Figure 7 Slip behaviour due to an orthotropic slip
modulus (Kax, Kiat)

The slip modulus in direction of the principal shear force K, can be calculated ac-
cording to Equation 1:

(1)

cos’B  sin® 6] -1
_|_
Kax Kf.ar

Combining the load-bearing capacity according to [DIN EN 1995-1-1] Equation 8.28
the maximum value depending on the angle 8 according to Figure 6 and Figure 7 is
given in Equation 2:

0,5

£ _ (c056)2+( s.fnf)’)z o
- FRd, ax Frd.iat (2)
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A distribution of Kjjr and Fggyis given in Figure 8. It shows a logarithmic reduction in

dependence on 6.
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Figure 8. Slip modulus and load-bearing capacity in dependence on 8 for a shear connection with

screws according to Table 3.

The load-bearing behaviour of the connection under a deviating angle of application
8 was subject to push-out shear tests, Figure 9. Results and testing parameter are
summarized in Table 4.

Table 4. Test results: Push-out test on timber-concrete-composite
connections with fully-threaded screw according to Table 1, Table 3,

Figure 9 and [EN 26891].

8  teoncrete™ Fumean Fi CV(F) ks, mean CV(ks) N
[°] [days] [kN/m] [kN/m] [%]  [kN/mm/m] [%]  [Piece]
0 17 211 187 20 80.3 15.5 3
0 120 21.8 153 108 41.9 7.2 2
30 17 19.1 17.0 46 54.8 30.3 3
30 120 201 174 19 18.9 17.7 2
60 17 147 117 9.2 47.1 38.6

60 120 154 134 14 7.1 16.4 2

* The first series was tested after reaching the minimum concrete strength
C20/25 after teoncrete=17 days. The top CLT-layer had relatively high humidity
(~25%). After teoncrete = 120 days a second series was tested with reduced

humidity.

L L
PN

7z \

ATF

Figure 9. Testing scheme
push-out test fully-threaded
screw.

While the absolute values of the results deviate, the ratio 8 /0° for teoncrere = 120 days
shows good agreement with the slip moduli from the technical approvals, see Table

5.
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Table 5. Comparison of the slip moduli from the approvals (ETA/abZ) and the push-out test results
(tconcrete = 17d / 120d) in dependence on 8.

6 KiiF Kiir 6/ Kjjro° ks mean ks6/ Ks,0°
[°] [kN/mm] [-] [kN/mm] [-]

ETA abz ETA abZ 17d 120d 17d 120d
0 11.0 11.0 1.00 1.00 80.3 41.9 1.00 1.00
30 52 4.3 0.47 0.39 54.8 18.9 0.68 0.45
60 2.5 1.9 0.23 0.17 47.1 7.1 0.59 0.17

A direction change of the force F due to the orthotropic slip modulus is neglected
under the assumption that the screw is aligned to the principal shear force as close as
possible. By aligning the screw to the principal shear force in plane, an isotropic slip
modulus K4 may be assumed in plane of the shear connection. A deviating force ap-
plication angle can occur however, if load situations, long-term behaviour or discreti-
zation in the screw alignment change, and therefore should be taken into account by
applying K} r(Baeviate), according to Equation 1 or Figure 8a.

3  Force-fitting element joint

As transportation and production limit the CLT-element size, a force-fitting element
joint is necessary to activate the biaxial load-bearing capacity. Most important pa-
rameter is the effective bending stiffness of the joint connection. A reduction in stiff-
ness reduces the stiffness of the respective axis orthogonal to the joint and therefore
a balanced biaxial load-bearing behaviour. As the concrete layer can be realized in
one piece, the focus lies on the element joint between the CLT-elements, in particu-
lar the lowest CLT-layer with the resulting tension force Z parallel to grain, compare

Figure 10a.
(1= =19

a)

Il
I

? T +d

b) Dmm Cnom j‘E') Cnom ’rad

Figure 10 Force-fitting element joint — a) forces to be transferred and b) joint connection with
glued-in reinforcement bars
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Different connection types, such as fully threaded screws applied crosswise under 45°
and 135° or gluing, were compared. With glued-in reinforcement bars, Figure 1 and
Figure 10b, a connection was developed, which meets the requirements of stiffness
and practical buildability.

Glued-in steel bars are a very stiff connection-type in timber engineering. If rein-
forcement bars are used as steel bars, the connection can be applied in concrete as
well. In the concrete, the bars of two CLT-elements can be overlapped and jointed
force-fittingly. The bars are curved to reduce the overlapping length.

The concrete-part of the connection can be designed according to [EN 1992-1-1] Sec.
8. For the timber-part, information can be found in [Steiger, 2012] and requirements
according to [DIN EN 1995-1-1/NA 11.2].

To minimise the loss in stiffness, the stiffness of the steel bars EAswe should be equal
to the stiffness of the corresponding CLT-layer (in green in Figure 10a) EAtimper. From
the perspective of minimum spacing, this requirement complies with a layer thick-
ness of 30 mm as shown in the results of a parametric study, see Table 6.

Table 6. Parametric study of the connection ‘steel bars glued in CLT-layer".

Geometry Aim: EAsteer / EAtimber = 1.0 Limit: 02 req = 5d & 02¢req = 2.5d
teirtayer [MM]  dbar [MM] - npar [Piece/m] az [mm] Nbar,max [Piece/m]  max EAsteel/ EAtimber
30 8 31 32 4d 25 0.8

30 10 20 50 5d 20 1.0

30 12 14 72 6d 17 1.2

40 8 42 24 3d 25 0.6

40 10 27 37 3.7d 20 0.75

40 12 19 54 4.5d 17 0.9

With Etimper = 11,000 N/mm?, Egtee; = 210,000 N/mm?, according to [DIN EN 1995-1-1/NA] Tab. NA.22

The performance of the connection was verified in a four-point bending test as
shown in Figure 11. In addition to the specimen featuring the element-joint, refer-
ence specimens with a continuous CLT-element were tested. The connection was re-
alised with nine reinforcement bars per metre, d = 10.0 mm, on each element side,
which resembles 45% of the jointed timber layer stiffness. The reason to stay below
the full stiffness of the timber layer was to provoke a ductile failure in the steel bars
and to keep the connection in an economical format. Further specimen specifications
are given in Table 8.

The test results show a similar deflection behaviour of the jointed elements in com-
parison to those without. The overall loss in stiffness is smaller than expected. The
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low stiffness of the effective steel cross section in comparison to the jointed timber
layer is compensated by a stiffening effect of the concrete block. Further, the failure
behaviour is ductile, because of the yielding of the steel bars. The elements can be
joined with barely any loss in stiffness and failure load can be determined more pre-
cisely, compare Table 7.

a) Four-point bending test scheme and test setup with [L=3.4 m. b) Steel bar failure
In this picture the element-joint fails.

Figure 11. Test on one-way spanning slab, 3.5 m x 1.0 m, with a force-fitting element joint
analogous to the section in y-axis in Figure 1.

Table 7. Test results of the four-point bending test. For comparative reasons equivalent stiffness
moduli ks and k, were calculated based on [EN 26891].

Element joint  Fymean CV(Fu) ks, mean CV(ks) Ku,mean CV(ky) N
[kN] [%] [kN/mm/m] [%] [kN/mm/m] [%] [Piece]

No 113.05 15.6 3.98 2.7 3.09 16.5 3

Yes 90.40 3.0 3.87 9.1 2.14 19.2 3

Ratio Fu,mean Ks,mean Ku,mean

Yes / No [%] 80.0 97.2 69.3

4  Plate load-bearing behaviour

4.1 General

The plate load-bearing behaviour was examined in two plate test series and accom-
panying FEM-simulations. The tests included a torsion test on a plate section and full
plate tests in analogy to a uniaxial four-point-bending test, Figure 12a. Apart from the
individual failure mechanism and the maximum load-bearing capacity, the stiffness of
the plate and potential improvement of the serviceability in comparison to existing
one-way-spanning timber-concrete-composite slabs were objects of interest.
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4.2

The specimens match in the application of the shear connectors according to the
proposed alignment in Section 2: Notches in an orthogonal alignment and screws fol-
lowing the direction of principal shear force in the plane of the slab, Figure 12b, c.
Specimen parameters are given in Table 8. The results show a high load-bearing ca-
pacity and a constant deformation behaviour along a long range of the load level. The
failure mechanism is successive and ductile. The specimens show a similar high level
of stiffness up to a load of approximately 55 % F,, independent from the shear con-
nector, Figure 13. Both systems reached a similar level of maximum load, which is
characterized by the final failure of the lowest layer of the CLT. This was preceded by
a failure of the concrete layer.

Experimental behaviour

Table 8. Specimen parameters to the plate and element joint tests.

Layer thickness

Screw

trajectorially aligned

Concrete 60 mm Total length /- diameterd 160 mm - 8.0 mm
CLT |20-20|20-30|30 mm Effective length lef timber 110 mm
Shear Connection Angle in cross-section 45°

Notch (a =0°) orthogonally aligned Distances ax x a, 250 mm x 250 mm
Length /yx Depth ty 140 mm x 15 mm Discretisation angle in plane 22.5°
Length in front of notch /, 200 mm Slab lengths
Notch (a =90°) orthogonally aligned Total 3,500 mm
Length /yx Depth ty 160 mm x 35 mm Support width 100 mm
Length in front of notch /, 180 mm Span L 3,400 mm
) X l " wl X=-
Sectien shear connection o o / Yy - \/'
in b} and c) - F/4 I I [T — F/4 -
oy 5 F F do . 25|
. Fa = - AT e e e 99 co ‘
e L/B‘ o N . L/3_ e N 7La___ﬂ‘ I — '~22'§ / Fi /
A i o L 1 \ 45 &7 6"
. 7 a=90 | S
iy, |
g, T T / 1 1 [
. A — a=90°

a) Test setup

b) Notch shear connection

Figure 12. Full plate test — Setup and specfic specimen design.
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Figure 13. Load-deflection-curve to full plate test.

4.3 FEM-Model

The experimental examinations were accompanied by FEM-simulations. The slab with
notches as shear connectors was simulated in a fully scaled solid model. For the
screws a simplified model was developed. In the simplified model, the shear stiffness
of the screw connection is distributed uniformly over the plane of the slab and is
transferred into the top CLT-layer by calculating the slip modulus of the screws into
the shear modulus. With this method, the modelling and processing effort was re-
duced a lot. Potential shear reinforcement effects of the inclined screws on the CLT-
element are not covered. In comparison, the FEM-models behave softer than the
plate test results. From the perspective of serviceability, this behaviour is on the safe
side. The simplified model is applied on investigations in the next Sections 4.4 —4.7.

4.4 Biaxial load-bearing behaviour

In the FEM-simulation following the full plate test setup, the effective biaxial load-
bearing behaviour of the composite-slab was evaluated by comparing the vertical
support reactions in principal and transverse direction. In a perfect isotropic plate, a
uniformly distributed load would spread 50/50 into the supports of both axis. For the
orthotropic CLT-concrete-composite-slab, the load distributes in a range of 55/45 to
58/42. This demonstrates a clear biaxial load-bearing behaviour.

4.5 Torsion

The torsional bending is an essential mechanism of the load bearing behaviour of a
plate. In experimental examinations regarding the torsional bending stiffness, the in-
fluence of different construction parameters such as CLT-layer configuration or shear
connectors was quantified. The composite-slab behaves very ductile when exposed
to torsional bending, the ultimate force was not reached while the deflection ex-
ceeded the testing setup limits with wpe > L/30. The cracking of the concrete layer
results in a considerable loss of torsional bending stiffness. The samples with heon-
crete/hcir = 0.5 und L/h = 8.5 showed a loss of 58% - 67%. The minimum reinforcement
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was not taken into account, as it was placed in middle height of the concrete layer.
To quantify the share and the influence of the torsional behaviour on the plate load-
bearing behaviour, the shear modulus in plane was compared for all materials in the
FEM-simulation (Gyy,rev = Gy, materiat VS- Gxy,rem = 0). As a result, the deflection of a two-
way spanning composite slab with torsional stiffness close to zero is about 25% high-
er in comparison to a slab with uncracked concrete (with L/h = 19).

4.6 Comparison

One-way spanning TCC 13
+ t Wingt
12 I R N ——— U500 = 12.0 mm
11
E
10
X E
Concrete 80 Timber 160 9
+
One-way spanning CLTCC 8
+
—\—J ’ :
= | | 1.2 S
pa— A -
I I 1 F n=1.0
X 08 5
Concrete 80 CLT 160 (|40-20]40-20]40) 0.6 6 0
Two-way spanning CLTCC 2
24
T o W,
e ,J 2 —— /300 = 20.0 mm
[ | ]
\ [ | 20
X E 18
Concrete 80 CLT 160 (|20-20|40-40|40) = X
16
::\_,4 14 X
— X
[ | | ”
\
; \ | 1.2 . .
Concrete 80 CLT 160 (-20|20-40(40-40) 1 n=10
— 0
Element joint for two-way spanning CLTCC 0.8 i
0.6 o ?
A .
4 O OO0 R
T «C) &C) ;\C) \0\(\
| | & O O o
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Element joint stiffness EAgeei = 0.54*EAc 1-iayer <

Figure 14 Comparison by deflection of different timber-concrete-composite slabs
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Based on the earlier investigations, FEM-simulations on different slab assemblies in
one-way and two-way spanning directions and side lengths L, x L,= 6.0 m were con-
ducted, see Figure 14. Material properties accord with Table 1. For the shear connec-
tion a continuous distributed slip modulus in plane K, = 1,778 kN/mm/m? was taken,
which equates to a notch connection with Ky = 800 kN/mm/m every 0.45 m. The ap-
plied element joint stiffness with EAtee; = 0.54-EAci1-1ayer results from ten reinforce-
ment bars per metre and side with d = 12.0 mm. The full load value was set to piinst =
7.9 kN/m? and pi 4 = 6.7 kN/m?2. The benchmark of comparison was the serviceability
limit state with the characteristic midspan deflection wi,s:and final deflection win.
Having the same height, the deflection wins: reduces by 38.8% from one-way spanning
CLTCC to two-way CLTCC + joint and by 14.3% from one-way TCC to two-way CLTCC +
joint.

i: | 47  side length ratio
12 The influence of the side length ratio on
11 the characteristic deflection wi,ss was de-
termined by FEM for the assembly two-
= Basway way spanning CLTCC according to Sec-
Two-way tion 4.6 and L, = 6.0 m. The result is giv-
‘ en in Figure 15. With a side length ratio
1 11 12 13 14 15 16 17 18 19 2 [, /[, =2.0 the deflection of the two-way
L/ L spanning slab converges the one-way

Winst [mm]
= =
o

A N o ©

Figure 15 Influence of the side length ratio on the ~SPanning.
maximum deflection

5 Conclusion

The applicability of the TCC-construction method for two-way spanning systems was
demonstrated. Solutions for the arrangement of shear connectors and CLT-layers
within the slab were found. The influences of torsion on the plate load-bearing be-
haviour was determined. With glued-in reinforcement bars, a connection was devel-
oped, which meets the requirements of stiffness and practical buildability. A compar-
ison with one-way spanning TCC-slabs shows distinct material reduction potentials.

The next step is to develop a calculation model for two-way spanning CLT-concrete-
composites that can be applied with established instruments in practice.
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Discussion

The paper was presented by S Loebus

H Blass asked what would be the typical application. S Loebus responded 6 m x 6 m or
7 m x 7 m rooms such as classroom in schools as well as cases with posts and concen-
trated supports.

H Blass asked what would be the advantage over a pure CLT plate. S Loebus respond-
ed that this system would be much stiffer and the concrete would be available for
acoustic control already. A Ceccotti added that in this system control of floor vibra-
tion would be advantageous also. H Blass further asked would the same advantage
be available for a pure CLT system of equal height. S Loebus agreed that CLT is a two
way system. S Winter said that in this study they used weak concrete on purpose.
Better results would be achieved if higher quality concrete was used.

A Palermo asked about the effect of shrinkage of the concrete. S Loebus discussed
about shrinkage effects and stated that the study had not yet been extended to long
term studies.

A Buchanan commented that the shrinkage in the concrete on top would lead to high-
er deformation. S Loebus said that minimum reinforcement for shrinkage crack con-
trol was used. Also fire performance for two way spanning system should be better
because of more levels of redundancy. A Buchanan agreed as tensile membrane ac-
tion would be available.

M Gershfeld and S Loebus discussed the efficiency of Ly/Lx ratio. S Loebus said that
the reinforcing bar needed to be introduced in the second layer and Ly/Lx ratio of one
would be more efficient. M Gershfeld said that no need for drop beam would be a
great advantage.

R Jockwer asked whether changes in load sharing were observed when screws began
to fail versus the notched case. S Loebus said that the distribution of load did not
seem to change. When screws failed in one area, concrete uplifting was observed in
the region with screw pull out of the CLT. Support loads were only obtained from lin-
ear elastic FEM and not from tests.

M Li asked about installation of screws as double incline installation in some locations
could lead to confusion in practice. H Blass commented that putting two full grids of
screws in the two main axes would be a practical solution. S Loebus said that the slip
modulus of the screws not applied in the direction of the principle axis would be an is-
sue. H Blass disagreed. S Winter said that too many screws would be too expensive
and notches would be more cost effective.
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