ISSN 2522-4182

DOI: 10.32347/2522-4182.15.2024.156-173
YK 624.011

STRUCTURAL BEHAVIOUR ANALYSIS OF A CLT CONNECTION
WITH BONDED-IN RODS UNDER SHEAR LOADING

Andrii BIDAKOV?; Robert JOCKWER?; Alar JUST?3:
Eero TUHKANEN?*; Dmitrii KOCHKAREV?®

10.M.Beketov National University of Urban Economy
17, Chornoglazivska St., Kharkiv, Ukraine, 61002
2TU Dresden University of Technology,
9, Prager Str. Dresden, Germany01069

34Tallinn University of Technology,

5, Ehitajate tee Tallinn, Estonia, 19086
SNational University of Water and Environmental Engineering,

11, Soborna Street, Rivne, Ukraine 33000.
Ibidakov@kname.edu.ua, https://orcid.org/0000-0001-6394-2247
2robert.jockwer@tu-dresden.de, https://orcid.org/0000-0003-0767-684X
3 alar.just@taltech.ee, https://orcid.org/0000-0002-8001-401X
‘eero.tuhkanen@taltech.ee, https://orcid.org/0000-0003-4730-6069
5d.v.kochkarev@nuwm.edu.ua, https://orcid.org/0000-0002-4525-7315

Abstract. The test results presented in this paper
show the load-carrying capacity, deformability and
failure modes in shear in-plane and out-of-plane of
CLT panels with the newly developed solution of a
universal connector for CLT timber structures,
which offers the possibility of quick and easy instal-
lation and assembly, as well as easy disassembly
and reuse. This solution shall contribute to the nec-
essary reconstruction of the damages in Ukraine and
facilitate the quick restoration of housing as well as
providing a long-lasting sustainable and circular
connection solutions. The developed connector is a
unit in the form of a steel plate on glued-in rods, that
are embedded in the CLT panels and developed in
the frame of research project “ReConnect - Efficient
connections for modular prefabricated timber build-
ings to help reconstruction in Ukraine”. This allows
to connect CLT panels in various arrangements to-
gether or to other building parts such as foundations
or concrete cores. Connections with glued-in rods
are widely used in Eastern European countries, es-
pecially in long-span timber structures for buildings
of various types. ReConnect is funded by Swedish
Institutet, the partners from O.M. Beketov National
University of Urban Economy in Kharkiv
(Ukraine), Chalmers University of Technology,
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Gothenburg (Sweden), Tallinn University of Tech-
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are collaborating.
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INTRODUCTION
BACKGROUND

Building with timber and the shift of the con-
struction sector towards a circular economy are
key elements to success in order to achieve a
more sustainable built environment and a more
sustainable society. Very often the experience,
skills, and workmanship regarding timber on
the construction site are limited. Besides train-
ing also the development of simple connection
and detailing solutions need to be developed,
that can be easily and safely applied by un-
skilled personnel. Prefabricated connections
with bonded-in rods or bolted connections are
examples of such solutions.In their develop-
ment it as to be put emphasis on long-lasting
sustainable and circular solutions instead of un-
sustainable single use solutions of buildings.
Adaptable buildings that can be extended over
time are suitable to provide quick shelter for
many and allows the further extension when re-
courses are available. Modular prefabrication
of elements allows the fast production, con-
struction, and even reaction to local demands.

There are different examples of connections
that can be seen as first steps towards the direc-
tion of a universal timber connection systems
that allow for high performance, prefabrication,
easy application, dis-assembly and reuse. Ex-
amples are: Bolts, dowels, screws, or bonded-in
steel rods. Especially bonded-in rods allow for
a direct transfer of tension forces along the
grain direction of the timber. By placing rods at
different inclination into the timber, brittle fail-
ure in the timber in tension perpendicular to the
grain can be prevented and the connection can
resist a variety of loading directions. By com-
bining the rods with adequate connection ele-
ments into one system, it becomes possible to
prefabricate, assemble and disassemble timber
components. The rods remain in the timber but
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the connector element can be easily adapted and
re-connected. Such a connection system has to
be developed towards predictability of behav-
iour, universality in application, reusability and
efficiency.

THE PROJECT RECONNECT AND
APPLICATION AREA OF CONNECTOR

The project has the objective to develop a
novel connection system for timber members
that makes it possible to adopt the concepts of
reusability, adaptability and circularity of mem-
bers in timber structures. By optimizing the
connection layout, we intend to enhance the
performance towards low damage and to avoid
brittle failure modes in the timber. The project
will reduce the complexity of high-performance
connections for timber buildings and lower the
entrance barrier towards the use of timber in
structures. Often the experience, skills, and
workmanship regarding timber on the construc-
tion site are limited. Besides training also the
development of simple connection and detail-
ing solutions need to be developed, that can be
easily and safely applied by unskilled person-
nel. Prefabricated connections with bonded-in
rods or bolted connections are examples of such
solutions.

The conducted primary tests of the con-
nector made it possible to evaluate the parame-
ters of strength and deformability relative to the
data obtained during calculations using existing
methods of glued-in rods as dowels when load-
ing them perpendicularly relative to the axis of
the glued-in rod. A statistical analysis of the ob-
tained experimental data was conducted, the
characteristic values of the connector strength
and the magnitude of the slip module were de-
termined as the main necessary parameters for
using this joint in CLT building.

The prefabrication of the proposed connec-
tion in the factory and its uniform spacing along
the edges of CLT panels makes it possible to
produce entire series of unified building com-
ponents of different sizes and layout solutions,
see. The regular spacing allows that the CLT
panels can be prefabricated mostly independent

167



ISSN 2522-4182

of its later application, and they can be com-
bined in different arrangements in a structure
depending on the specific demand.

Fig. 1 Options for using a unit in a building made of CLT panels.
Puc.1.Ilpuknan 3actocyBaHHsI KOHEKTOpY y Kapkaci oyaisni 3 [TK]] maneneit

The connector is installed in the side face of
CLT panels in a pre-milled recess for the plate
and can be completely hidden in the interior or
invisible, which is also good in fire conditions

For the first time, this type of connection for
CLT panels was proposed [13] in the frame of
the EECTC conference in Kharkiv (Ukraine) in
2018. In the conference proceedings tests of
glued-in rods in CLT samples were reported
(Bidakov et al. 2018), where pull-pull configu-
ration with different variants for their location
in the panel cross section were studied. To date,
many laboratory tests have already been carried
out on glued-in rods in CLT, both single (An-
dersen &Heier 2016[9], Azinovic et al.
2018[11], Azinovic et al. 2019[12], Jockwer et
al. 2023 [15], Stepinac et al. 2013 [17]) and
groups of glued-in steel rods (Ayansola et al.
2022) [10], and others [18- 25]. However, this
new connection type requires further laboratory
testing on the full connection, since the metal
plate can redistribute the actions to the different
rods. Depending on the loading condition of the
CLT panel and subsequently the connector the
rods experience various loading conditions, in-
cluding complex stress states with simultaneous
axial loading with pull-out of the rod and lateral
loading with the rod acting as a dowel and
stressing the timber perpendicular to the grain.
Another possible complex combination of
stresses is pullout and torsion.
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For an initial assessment of the load-bearing
capacity of the connection with the steel plate
and glued-in rods in a CLT panel and for the
evaluation of the prospects for its serial use, an-
alytical calculations and modelling of a 3-story
building were carried out.

The current draft version of Eurocode-5
(prEN1995-1-1: 2023,[16]) (prEN 2023) con-
tains recommendations regarding design of
bonded-in rods (BiR) and, hence, opens the
possibility of a more wide implementation of
BiR solutions in practice. The design standard
works together with the testing standard for the
bondline strength in EN 17334(EN 2021) [14],
which assures the high-performance and high
quality of the BiRsolutions.To consider the va-
riety of loading states acting on the connector,
different tests have to be performed. An over-
view of the possible tests carried out in this pro-
ject are shown in this project are shown in.

The geometric configuration is provided for
connecting CLT panels with a thickness of 100-
120 mm since the width of the metal plate is
80 mm and must be hidden. For CLT panels
120-140 mm, it is proposed to use a connector
with a plate width of 100 mm, in order to in-
crease the load-bearing capacity of the connec-
tion. From a static point of view it is important
to reduce the distance from the edge of the
panel to the axis of the glued-in rods, which
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should,however, not be less than 2.5 d accord-
ing to EOTA TR 070 (EOTA 2019) [5] or
prEN1995-1-1:2023 (prEN 2023)[16]in order
to avoid splitting. Increasing the distance from
the edge of the CLT panel to the axis of the rods
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improves furthermore its fire resistance. Hence,
the position of the rods in the panel must be
carefully chosen to achieve high efficiency and
still keep the rods in the longitudinal layers of
the panel.

Fig . 2 Test configurations for the connector: shear in-plane a- shear out-of-plane b, pull-pull ¢
Puc.2.Cxemu BUnipoOyBaHb KOHEKTOPY: 3CYB Yy IUIOLIMHI TaHenei (a), 3¢y 3 miomunn naneiei (6), po-

31sr @00 BUCMUKYBaHHS (B).

The option of attaching the plate to the CLT
panel with full-threaded screws is also possible
as one of the variations of this type of con-
nector. Particularly efficient and low compli-
ance of the connection can be ensured by in-
clined screws in different directions. Inclined
screws have low slip deformations and can be
quickly installed in production without quality
control of the connection, unlike glued-in steel
rods. A connection with screws can be a second
equivalent version of the developed system for
connecting building frame panels, which is
based on the same pitch of standardized con-
nections along the edges of the CLT panel, DLT
panels or GLT elements.

MATERIALS AND METHODS
CONNECTOR GEOMETRY

The proposed type of connection consists of
a 12 mm thick steel plate (steel grade S355) to
which steel bars RiBa A500C diameter 10 mm
are welded. The length of the reinforcing bars
is 150 mm. The bars are glued into pre-drilled
holes using a two-component epoxy adhesive
system, see. To distribute the high shearing or
pulling forces across the thickness of the CLT
panel with its orthotropic and heterogeneous
boards, it was decided to use 8 glued-in rods for
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the connection.The steel plate has 8 holes for
the rods and a centric hole of 23 mm diameter
in the middle of the plate for connecting it with
a bolt M20 to the other unit in another CLT
panel . The connection between the steel plate
and the CLT panel is rigid due to the lack of slip
deformation in the timber element, and defor-
mations might only occur in bending of the steel
plate. This connector can also be attached to re-
inforced concrete members or foundations. It is
also possible to attach such a connector to steel
components and structures or even weld them
to them with a discontinuous seam. The con-
nector has a semi-circular milled hole in the
CLT panel around at 2/3 of its thickness to al-
low installation of a bolt or nut

This connector unit makes it possible to as-
semble and connect CLT panels in 6 main
cases: a) two floor panels parallel to the span,
b) two wall panels in a planar manner, c) two
wall panels at the corner of a building (L shape),
d) a longitudinal wall panel and a transverse
wall or partition wall (T-shape), e) wall panel to
the foundation, f) floor to wall joint. It is also
possible to attach beams and columns to CLT
panels using the proposed unit in combination
with glulam beams.
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Fig. 3.Geometric parameters of the connector
Puc.3. T'eoMeTpruni mapameTpu KOHEKTOpa

a

B —
1

Fig. 4. General view of the installation of the connection (a) and assembly of two units (b) and of the
unit directly to CLT panel (c) Photo by Andrii Bidakov

Puc.4.3aransuuii Bua kouTakTopa (a) Ta CTUKYBaHHs ABOX miuacTvH (D) i CTMKYBaHHS MIACTHHH KOHEKTOpa Ha-
npsmy 3 iHmmM enementoM i3 [TKJ] maneni (C). ABrop doto AHapiit binakos

SHEAR IN-PLANE. SIZE OF SPECIMENS
AND TESTS SETUP

The tested connection was between two CLT
panel parts with dimensions280x700mm and a
thickness of the panel of 140mm with board
layers 40/20/20/20/40mm, see Fig.5. The spec-
imens had undercuts on the supports to ensure
an inclination of the connection of about 14°
and the application of a load along the vertical
axis passing through the centre of the tested
connection. Measurement devices were at-
tached on the sides of the connection near the
joint line for relative displacement measure-
ments on the front of the test specimens.

The test specimens were loaded with a uni-
versal 500 kN jack. During the test, both thejack
force and the relative displacement between the
two members of the connection were measured.
The test procedure and the evaluation were
based on EN26891 [6]. Both the ultimate load
Fv testand the stiffness ks per connector were de-
termined. The stiffness was determined in the
range between 10% and 40% of the ultimate
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load in the linear-elastic range. Five test speci-
mens were tested for serie K-2.

The connection components of the stud-
ied samples had strict geometry and the connec-
tion of the parts of the connection was per-
formed with one M20 bolt with firm tightening
by hand. The level of tension of the bolt was not
controlled. The small diameter of the hole in the
CLT panels (Fig. 6) for tightening the bolt dur-
ing testing was increased to make it possible to
install bolts with a diameter of M22 and M24,
since the M20 bolts were destroyed before the
destruction of the wood around the glued-in
steel rods began, which needed to be investi-
gated.
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b

Fig .5 Geometry of tested connection (a) and scheme of loading (b). Photo by Andrii Bidakov

Puc. 5. 'eomerpuuHi po3mipu BHIPOOyBaHKX 3pa3KiB(a) Ta cxema NMpuKiIagaHHs HaBanTakeHus (b). As-
Top poto AHapiit bigakos

a

Fig. 6 General view of the specimen before test. Photo by Andrii Bidakov
Puc. 6. 3aranpHuii BU 3pa3KiB nepea BUIIpoOyBaHHAMU. ABTOp poTo Auapiii bigakos

SHEAR OUT-OF-PLANE with thickness of the panel of 100mm with
boards layers 20/20/20/20/20mm, see Fig.7.
The tested connection in CLT panels loaded
out-of-plane had dimensions 750x2000mm

Fig. 7 Panels with connectors before tests out-of-plane. Photo by Andrii Bidakov
Puc. 7. [1anens 3 KOHEKTOPOM Tepe; BUNPOOyBaHHIMHU Ha 3CyB i3 iommHu. ABTop ¢oto AHApiit binakos
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The specimen was positioned horizontally
and located on two supports in such a way that
one support point was in the form of a metal
plate fixed to the connector with a bolt. The
support of this end of the panel with the con-
nector was through the edge of the fixed plate,
which had a width greater by 40 mm, which
made it possible to develop deformation of the
connector when loading the panel along a line
at a distance of 500 mm from the connector
(Fig.8). The panel support is hinged. Measure-
ment devices were attached near the connec-
tionon the top of the CLT panelfor relative dis-
placement measurement of the test specimens.
The total number of tested specimen s of series
P-1 was 5 pcs.The test specimens were loaded
with a universal500 kN jack. During the test,
both thejack force and the relative displacement
between support and outer layers of CLT panel
were measured. The ultimate load Fyv tsiand the
stiffness ks per connector were determined. The
stiffness was determined in the range between
10% and 40% of the ultimate load in the linear-
elastic range.

Each sample was loaded until failure during
testing. At all stages of loading, a visual ab-
sence of connection curvature was noted as a

Load, kN

Fig. 9 Force-displacement plots for tests of series K-2

result of uneven distribution of the load be-
tween the glued-in rods.

STRENGTH AND DEFORMATIONS
SHEAR IN-PLANE

Load-displacement plots for series K-2 or
shear in-plane are shown on Figure 9

Fig. 8.Geometry of tested specimens (a) and
scheme of loading (b) Photo by Andrii
Bidakov

Puc. 8. Po3mipu BunpoOyBaHuX 3pa3kiB Ta cxe-
Ma HaBaHTaKEHHA. ABTOp (GoTo AHIpIi
bimaxos

Puc. 9 I'padix HaBaHTa)KEeHH-TIEpeMilIEHHS U1 3pa3KiB cepii K-2

The deformation of steel rods welded to a
metal plate after testing the connections has a
characteristic classic bending shape as in single
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shear dowel type steel-timber connections with
thick steel plates, see fig. 10-b) from (Jockwer
and Jorissen, 2018) [3]. According to EOTA
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TR070:2019-10[5] the glued-in steel rods by
loads acted perpendicular to rods axis needs
consider as dowels. The bending intensity of
one group of rods (4 rods) is greater than that of
the other group (fig. 10-a) by the testing con-
nections in the plane of the CLT panel’s, which
is explained by the existing heterogeneity of the
panel structure and the uneven distribution of
forces in the metal plate itself.

For dowels where d>8mm in timber-to-tim-
ber and woodbased panel-to-timber connec-
tions according to EN1995-1-1[8]:

prod _ 350™° 10

K. =
Ser 23 23

=2,847kN /mm

for 8 dowels: Kser=2,84*8=22,72kN/mm

The test procedure and the evaluation were
based on DIN EN26891 [6]. Both the ultimate
load Fviest and the stiffness ks per connector
were determined. The stiffness was determined
in the range between 10% and 40% of the ulti-
mate load in the linear-elastic range.

0,4- F max—0,1- F max
ks = Kser = (2)

Ugs — Uy
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The mean value of the slip modulus in the
shear tests of the connector in the CLT plane
of the panel is Ks=31.28 kN/mm.

$F
b

Fig. 10 Deformations of steel rods after test (a)
and scheme of the work steel-timber
dowel type connectors (b) from [3]

Puc.10. [Iedopmariii ctaneBuX CTEPIKHIB TiCIIS
BHITPOOYBaHb (@) Ta cxema poOOTH IITH-
(ToBUX 3’€IHAHB CTaJeBa IIACTHHA-]IC-
pesuHa (b) 3rimHO 10 [3]

Tablel. Slip module Ks connector fOr joint with dowel-type fasteners per shear plane by tests in-plane of the

specimen serie K-1

Ta6.1. Moayb KoB3aHHS Ks connector 171 IITU(TOBUX 3’€IHAHD HA OJIUH OB 3CYBY MPH BUIPOOYBAHHSIX Y

IIOIIMHI TTaHe IS cepi 3paskiB K-1

Vo1,MM Vo4, MM Fo1, kN Foa, kN ks, kN/mm
K-2-1 0,538 1,4748 9,82 39,28 31,45
K-2-2 1,202 2,443 9,95 39,8 24,05
K-2-3 0,692 1,636 9,91 39,64 39,64
K-2-4 0,193 1,037 13,87 55,48 49,31
K-2-5 0,362 1,204 12,05 48,2 42,91

The method according to EN 14358 [7] can

be used taking 5 individual test results into ac-
count for the determination of the characteritic

ByniBenbHi koHCTpyKUii. Teopis i npakTuka * 15/2024

value of load-carrying capacity of the consid-
ered connector by assumption of logarithmic
normal distribution (3) — (8).
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n

inm, 3)

i=1

1 & —2
5, = max Jn—_lg("‘ m=Y) 4)

y=

S|

0,05
M = exp(y —k,()s,) (5)
=5 ©
n=5 and corresponding ks=2,48
- OO

Fv Testk=74954,7N=74,96kN
for one connector with 8rods (d10 mm and
length 150 mm)

Fv.calcul k= Fvx*8rods (8)

FV,caIcuI,k:
Fv*8rods=7715,8N*8=61726,4N=61,7kN

I:V ,calcul,i

mk = =
=
V Test,i

Calculated _ 61,7
Tested 74,96

=0,823

The load-carrying capacity of the connection
is higher than the calculated value, which con-
firms the possibility of using the existing meth-
odology for calculating glued-in rods as dowels

by shear of the considered connector in-plane
of CLT panel.

The characteristic value of the load-carrying
capacity of the connector by shear in plane of
the CLT panel is 74,96kN according to test re-
sults and 61,7kN according to the calculation.

SHEAR OUT-OF-PLANE

Load-displacement plots for series P-1 or
shear out-of-plane are shown on Figure 11.

Statistic parameters of slip module Ks connector
by tests out-of-plane:

Mean value 32,54kN/mm

oad, kN

yrmation, mi

Fig. 11 Force-displacement plots for tests of se-
ries P-1

Puc.11. I'pacdhix HaBaHTa)KEHHSA-TIEpEMIIIIECHHS
JuIst 3paskiB cepii K-2

Table. 2.Slip module Ks connector fOr joint with dowel-type fasteners per shear plane by tests out-of-plane of the

specimen serie P-1

Ta61.2. Momysb KoB3aHHS Ks connector JUTS INITH(TOBUX 3’€IHAHB HA OJIMH [IOB 3CYBY IPU BUIIPOOYBaHHSX 13

TUTOIIMHI aHeN i Jist cepi 3paskis P-1

Vo1,MM Vo4, MM Fo1, kN Foa, kN ks, kN/mm
P-1-1 0,203 0,821 6,42 25,68 31,18
P-1-2 0,212 0,623 6,48 25,92 47,25
P-1-3 0,262 0,663 6,39 25,56 47,8
P-1-4 0,224 0,825 5,92 23,68 25,59
P-1-5 0,188 1,07 5,96 23,84 20,25

Using the above methodology for calculat-
ing the characteristic value of the load-carrying
capacity of the connection as group of dowels

by shear tests in-plane and out-of-plane in CLT
panel equal:

Fv,catcuk= Fvx*8rods=7715,8N*8=61726,4N=61,7kN
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Characteristic value of the connectors carry-
ing capacity based on test results and deter-
mined acc. to algorithms of the standard
EN14358:

Fv Testk=55017,3N=55,2kN  for one con-
nector with 8rods (d=10mm and length
150mm).

- F cateuti _ Calculated 61,7 _1118

Tested 55,2

FV Test,i

RESULTS AND DISCUSSION
STATISTIC PARAMETERS OF TESTED
SPECIMENS

Statistical parameters of laboratory static test
results are the basis for qualitative assessment
of strength and deformability of the joint. Based
on statistical parameters, it is possible to deter-
mine characteristic values necessary for per-
forming engineering calculations and compar-
ing the obtained valueswith the values obtained
by existing calculation methods for the joint in
question.

Regression model statistics by shear tests in-
plane: coefficient of correlation 0,4987; covar-
iance of two samples 6,68 and standard error

a

ISSN 2522-4182

0,931. Regression model statistics by shear
tests out-of-plane: coefficient of correlation
—0,9438; covariance of two samples —2,566 and
standard error 0,479..

The equation of the linear regression func-
tion:

- in-plane

r(x) = bo + bix; r(x) = 1,752 + )
+0,026 X;

- out-of-plane

rd) = bo + bix; r(x) = (10)

=30,001-0,438 x;

wherer (x)—maximal deformation (mm) and
x—maximal load (kN).

Analysis of the graph of the linear regression
function of the statistical sample of maximum
deformations on the statistical sample of de-
structive loads (see Fig. 12) shows that the ex-
perimentally obtained points do not go beyond
the upper and lower limits of the confidence in-
terval.

b

Fig. 12 Graph of the linear regression function of the statistical sample of maximum deformations on

the statistical sample of destructive loads
a - in-plane; b - out-of-plane

Puc.12. I'padik ¢pyHKLil MiHIHOT perpecii cTaTHCTUYHOI BUOIPKU MaKCUMAaIbHUX JeopMalliid Ha cTaTu-

CTUYHY BHOIPKY pyHHYIOUMX HaBaHTaXCHb

a — y TUIOIIHHI TIaHeNi; b — 13 TIONTUHY TTaHedI.

BypaiBenbHi koHCTpyKUii. Teopis i npakTuka * 15/2024
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The coefficient of variation of slip modulus
in the shear tests in-plane of the connector in the
equal COV=37.66% and coefficient of varia-
tion of the strength for this series of assemblies
IS quite high (16.13%) that shows a relatively
large spread of connector strength results across
samples. By shear tests of the connector out-of-
plane in the CLT panel COV=38.7% and coef-
ficient of variation of the strength is quite low
(4.34%) and shows a relatively small spread in
the strength results of the samples.

The value of the correlation coefficient of
two samples is r = 0.4987, below the threshold
value of the correlation coefficient (table. 9.2,
p. 162[1]) r (P = 0.95; f =5-2 = 3) = 0.88,
where P — the limits of the confidence interval,

f — the number of degrees of freedom.

This indicates the significance of the deter-
mined correlation coefficient.

Table 3. Data of statistical indicators of linear regression of destructive loads and maximum deformations of

connections by shear test in-plane and out-of-plane
Ta6ua. 3. [lani cTaTUCTUYHUX MTOKA3HUKIB JiHINHOT perpecii pyiHYIOYHX HABaHTA)KEHb 1 MAaKCUMAJIbHUX JIe-
(hopMmariiii By3J1iB 3 KOHEKTOPOM P BUITPOOYBAHHX Y IJIOIIMHI Ta 13 IUIOIIMHY MaHei

Average value Median Standard deviation Dispersion
shear in-plane
Maximal load, kN 111,2 99,5 17,933 323,76
Maximal deformation, mm 4,62 49 0,93 0,866
shear out-of-plane
Maximal load, kN 62,34 63,9 2,707 7,328
Maximal deformation, mm 2,71 2,55 1,256 1,577

Limits of 95% confidence intervals for linear
regression equations (in our case n = 5) with
satisfactory accuracy are recommended to be

estimated using the expressions (11 — 12) [2],
given on p. 408:

- in-plane
QX —mean(X)) - (Y — mean(Y)))? )
Y —mean(Y))? —
. 2( ) (X — mean(X))? — 1074
n — 2 ) )
= by + ty_z 005 - D + by - X = 1,752 + 3,182 - 1,074 + 0,026 - X, (12)
- out-of-plane
(Z(X-mean(X))-(Y-mean(¥)))
B X(Y-mean(Y))? Y (X—mean(X))2 _ (13)
— = 1,45,
n—-2
Ay w=Dbot th s 005 D+by-X=23000143,1821,45-0,438 - X, (14)

Where4, ,,—the upper and lower limits of the
95% confidence intervals for the linear
regression equation;

by, b;—coefficients of the linear regression
equation (see [2], tabl. 8.8);
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tn—2. 0.0s—Parameter of the Student distribution
for the two-sided test (a=0.025), signif-
icant at the 5% level, given on page 131
[2], (see[2] table. 27), t,_5. 9.05= 3,182;
mean(X), mean(Y)—mean values of
statistical series X and Y.
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On the Fig.13 shows the limits of the confi- Table 4. Parameters for estimating confidence in-
dence interval for the regression line of the sta- tervals of linear regression equations
tistical sample of maximum deformations on Tab.a.4.ITapamerpy 1St OLIHKH JOBIPYHX IHTCPBa-

the statistical sample of destructive loads with JB PIBHAHB MiHiiHOT perpecii

the limits of the confidence interval constructed e
! - Statistical b tth2; 00 b. . X
according to the data in the table. 4. Ne " caries o b L

shear in-plane

1 |xandY [ 1752 | +3,419 | 0.026xx
shear out-of-plane

2 |xandY [-30,001 | +4,614 | -0.438xX

Manim ol val W™
Masemad 100 WM

a b
Fig. 13 Graph of the linear regression function of the statistical sample of maximum deformations on the
statistical sample of maximum loads:
1 — graph of the linear regression function; 2 — the lower limit of the confidence interval; 3 — the
upper limit of the confidence interval; a - in-plane; b - out-of-plane
Puc.13.I'padik dynkuii niHiiHOT perpecii cTaTUCTUYHOI BUOIPKM MakCUMallbHUX JedopMalliii Ha cTaTuc-
TUYHY BHOIpKY PyHHYIOUHX HABAHTAXKCHb:
1 — rpadik ¢yHkuii JiHIHHOT perpecii; 2 — HWKHS MeXa JOBIPUOro iHTEpBaly; 3 — BEpXHS Mexa
JIOBIpYOTO iHTEpBaNy; a — Y TUIOIIUHI MaHei; b — i3 IIONIMHY TTaHeTi.

DISCUSSION parts of the connection along the joint line from

the front side. When disassembling the unit, the

The typical failure mode of the tested speci- shift of the plates in the milled recesses was

mens of the serie K-2shown in fig. 14-a) oc- about 5 mm and, respectively, the timber was

curred due to displacement of the connected compressed on the other side of the plate
(fig.14-b).

i

Fig. 14 Failure mode of the tested specimens in serie K-2. Photo by Andrii Bidakov
Puc.14. Xapaxrep pyiiHyBaHHs1 BUIpoOyBaHUX 3pa3kiB cepii K-2. ABTop ¢oto Annpiii binakos
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hole in the middle of the plate was taken to
be 23 mm for installing the M20 bolt, and was
increased to a diameter of 26-28 mm for in-
stalling the M24 bolts, since the failure of the
connection occurred as a result of the shearing
of the M20 bolt (fig. 15). When increasing the
diameter of the bolt, it became necessary to en-
large the hole milled in the timber to allow the
installation of new bolts.

Fig. 15 Failure of bolt M20 and enlarged
hole milled in the timber for bolts
M24. Photo by Andrii Bidakov
Puc.15. PyiinyBanns 6ontis M20 Ta ¢pe-
3epyBaHHS OTBOPY Yy JEPEBUHI IS
BCTaHOBJICHHS 0onTiB M24.
Astop doto Anapiit binakos

The typical failure mode of the tested spec-
imens of the series P-1 shown in fig. 16-a) oc-
curred due to displacement of the connected
parts of the connection along the joint line
from the front side. When disassembling the
unit, the shift of the plates in the milled re-
cesses was about 5 mm and, respectively, the
timber was compressed on the other side of
the plate (fig.16-b).
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Fig. 16. Failure mode of tested specimens in
seriesP-1: Photo by Andrii Bidakov
a- specimen P-1-1;
b - specimen P-1-2;
C - specimenP-1-4
Puc.16. Xapaxtep pyiiHyBaHHs 3pa3KiB cepii
P-1. ABtop doto Aunpiii bimakoB

The calculated value of the carrying capac-
ity of the connection is higher than the results
obtained during testing since the distance
from the axis of the glued-in rod to the side
edge of the panel is 17 mm or 1,7 d (see fig.
17-b), while the calculated strength corre-
sponds to the condition under which the dis-
tance should not be less than
a4:=6d=6*10=60mm according to ETA
21/0914[4] where minimal distance for later-
ally loaded dowel-type fasteners in the narrow
side of cross laminated timber (fig. 17-a).
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Fig. 17 Minimum spacings, edge and end distances for laterally loaded dowel-type fasteners in the nar-
row side of cross laminated timber acc. to ETA 21/0914 [4] (a) and in tested specimens (b).
Puc.17. MinimaneHi Bincrani o rpaneii [1K]] maneni npu HaBaHTaXCHHI IITU(TIB Y MONEPEYHOMY Ha-
OpsIMi BIZTHOCHO iX BICi MPH BCTaHOBJIEHHI y OivHy rpaHb maHei 3rigno 10 ETA 21/0914 [4] (a)
Ta BiZICTaHl y BUIIPOOYBaHOMY 3pa3Ky NP HABaHTKEHHSX i3 muiomuHu naxeni (D).

Comparatively analysis diagram of slip
module of connector in CLT panel edge by
shear test in-plane and out-of-plane shown on

60
50

40

20

Slip module ks, (kKN/mm)
)
o

10

0

fig. 18, where marked min/max values and
mean value.

47,525

1,18 B K1-in-plane

292 B Pl-out-of-plane

20,25

Fig. 18 Slip module values analysis of tested specimens with connector by shear test.
Puc.18. AHani3 BeMYrH MOyl KOB3aHHSI BUIPOOYBaHUX 3pa3KiB 3 KOHEKTOPOM IPU BUMPOOYBAHHSIX

Ha 3CyB

CONCLUSIONS

In this paper, the strength and slip moduli of
connectors with glued-in steel rods located in
edge side of CLT panels subjected to shear
loading in-plane and out-of-plane of the CLT
panel were investigated. 10static tests were

ByniBenbHi koHCTpyKUii. Teopis i npakTuka * 15/2024

conducted till failure of each specimen. The re-
sults were compared with data obtained by cal-
culation of existing methods as for dowels type
fasteners.

Connections with glued-in rods in CLT pan-
els have already been studied by several re-
searchers. Most of the research has been done
on uniaxially loaded rods. However, the appli-
cation of rods in practical applications requires
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also the evaluation of rods under complex load-
ing situations with interaction of axial and lat-
eral loads. In this project, a new type of connec-
tion system with a steel plate and glued-in rods
for CLT panels is investigated both analytically
and experimentally. The proposed new type of
connection system is universal, easy to imple-
ment in production and can be used (with minor
modifications) in buildings of 5 floors and
above. The glued-in rods can be replaced with
screws if necessary. However, it should be con-
sidered that the costs of connections with glued-
in rods is much cheaper in Ukraine than con-
nections using fully threaded self-tapping
SCrews.

Tests of connection in CLT panels with a
connector loaded by shear in-plane and out-of-
plane of the panel revealed a fairly reliable
character of their failure in the area of place-
ment of a metal embedded part with steel glued-
in rods that work as dowels. The character of
the failure is ductile by shear in-plane and is ac-
companied by crushing of the wood around the
glued-in rods in the places of their attachment
to the metal plate. By tests out-of-plane oc-
curred brittle failure mode due to the cracking
of the boards at the final stage of loading the
sample.

Non-linear dependence of loads to defor-
mations was observed on the all stages of con-
nection loading. Characteristic value of the car-
rying capacity of connector by shear in-plane of
the CLT panel equal 74,96kN according to test
results and out-of-plane 55,2kN. The calculated
strength higher that test results by shear out-of-
plane because the distance should not be less
than 6d but in testing specimens this value was
1,7d which explains the low level of carrying
capacity. The average value of the slip modulus
in the shear tests of the connector in the CLT
in-plane of the panel is Ks=31.28kN/mm and
out-of-plane Ks=32.54 kN/mm.

The proposed geometry is suitable without
modification for the case-study building with 3-
5 floors, where the forces do not exceed the an-
alytical and experimental resistances. For tall
buildings in platform construction, when the
load between the walls exceeds the crushing
strength of the timber perpendicular to the grain
of the floor panels, it is necessary to insert steel
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tubes between the connector plates that transfer
the loads through the floor panel. This solution
has been used already in many cases for the
transfer of loads through floors between col-
umns.
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AHAJII3 IOBEAIHKU 3’°€/ITHAHHA
K/ MMAHEJIEM HA BKJIEEHHUX
CTEPKHAX I AI€IO HABAHTA-
KEHb 3CYBY
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AHarauisi. Pesynpratu BUnpoOyBaHb, npejcra-
BJICHI B IIil ImyOJtikamii, MOKa3yloTh HECydy 37at-
HiCTh, JAedopMamii Ta MoJeNi pyHHYBaHHS TIPH
3cyBi B IoioniuHi Ta i3 miomman [IK]] manenei 3a
pe3ybpTaTaMy HEIOJaBHO PO3POOJICHOTO PillIeHHS
YHIBEpCAIBHOTO 3’ €THYyBava JJIsl IepEB’ THUX KOHC-
tpykuiit [TIK]] manenei, sskuii na€ MOXKIIMBICTh IIBU-
JIKOTO Ta JIETKOTO BCTAHOBJIEHHS Ta CKJIQJaHHI, a
TaKOX JIETKOT'0 PO30HMpaHHs 1 MOBTOPHOTO BUKOPHU-
cranns. Lle pimenHs cnpusiTuMe HeOOXiIHIN peko-
HCTPYKUIi MOIIKOMXEHb B YKpaiHi Ta CIpUATHME
IIBUIKOMY BiJTHOBJIEHHIO HTJIA, a TAKOX 3a0e3re-

Cmamms naoitiuna 0o peoaxyii 01.11.2024
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YyBaTUME JIOBIOCTPOKOBI CTIMKI Ta UPKYISAPHI pi-
HICHHS 3’€nHaHb. Po3po0iieHuil 3’€nHyBau SBIISE
co00r0 BY30JI Y BHIUIAII CTalleBOi TUTACTUHH Ha
BKIICEHUX CTPHXHAX, sKi BKIewowThesaylIK/ ma-
HeJi 1 po3po0IIeHi B paMKax IOCHTITHUIILKOTO TIPoe-
kTy «ReConnect — EdhexTuBHI 3’ € qHAHHS TSI MOZY-
THHUX 30ipHUX JepeB’sHUX OymiBenb IS JOIIO-
MOTH peKOHCTPYKLii B YkpaiHi». Lle no3Bonsie 3°e-
myBatu [1K][ maneni y pisHEX cxeMax pa3om ado 3
IHIIMMH YyacTUHAMHU OyAiBIli, TAKMMU SIK QyHIame-
HTH 4Yd OETOHHI CTiHW. 3'€AHAHHS Ha BKJIEECHUX
CTPHXKHSIX IIHUPOKO BHUKOPHCTOBYIOTBCS B KpaiHax
Cximuoi €Bpornu, 0coOIUBO B 0araTomposliTHUX Je-
PEB'STHUX KOHCTPYKLISAX OYIiBEeNb PI3HOTO THIY.
ReConnect ¢inancyerncs Swedishlnstitutet, a map-
THepaMu € XapKiBChbKUI HAI[lOHAJTHLHUHA YHIBEPCH-
TeT Mickkoro rocronapcra imeHi O.M. Bekerosa
(Yxpaina), Texnonoriunuii yaiBepcurer Yaamepca,
I'ere6opr (LBeris), TamniHHCHKUN TEXHOIOTTYHHUIA
yHiBepcuteT (EcToHist) Ta PiBHEHCHKHI HalliOHAITB-
HHUH YHIBEpCUTET BOAHOTO TOCIIOIapCTBA Ta MPUPO-
nmokopuctyBaHHs (YKpaina).

Kurouogi coBa: BxieeHi ctpwkHi (GiR), koM-
OiHOBaHE HaBaHTAXKEHHSI, TPYMOBi eQeKTH, yHIBEP-
canpHe 3’ennanns, [IK]] maneni, CLT, 3’eqnyBay,
KOHEKTOp
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