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Design of LVL elements with glued-in steel rods and metal connectors joints is considered as semi-rigid connection and re-
quires considering the compliance. The beams with a metal connector and glued-in steel rods and solid beams test results
comparative analysis has been made in the paper. Design method of glued-in rods in LVL is proposed and failure mode is
considered. It enables reducing the distance between the rods axes and the distance from the rod axis to the edges in the beam
cross section and increasing the joint strength.
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ITpu npoekTyBaHHI By3JI0BHX 3’eaHaHb JIBJI Opycy Ha BKIGEHHX CTEPIKHSX 3 METAJICBMMH BCTABKAMH € HaNiBKOPCTKUMH Ta
noTpeOyIOTh BpaxyBaHHs MOAATIMBOCTI. Y CTATTi BUKOHAHO MOPIBHAJIBHHUI aHaNi3 pe3yabTaTiB BUIPOOyBaHb OalloK 3 MeTa-
JIEBUM BY3JIOM Ha BKJIGEHHX CTEPXKHAX Ta LIIbHHUX Oanok. Po3pobieHa MeToquka po3paxyHKy MIIIHOCTI BKJICEHUX CTEPXKHIB
Ha BUCMUKYBAHHS 3 ypaXyBaHHSAM XapakTepy pyWHYBaHHS 3pa3KiB, sKa JI03BOJISAE 3HU3UTHU BiJCTaHI MK OCSIMH CTEPXKHIB Ta
BiJI OCi CTepiKHsI IO TpaHeil y monepedHoMy mepepisi 6anku Ta 30UTbIIUTH MIHICTD 3’ eaHanHs. OBai3allis JepeBUHN HaBKO-
JI0 BKJIGEHOTO CTEPIKHSI IPH pPyHHYBaHHI 3’€IHaHHS 00yMOBIeHa pi3Huneio MinHocTi JIBJI Gpycy npu ckoiroBaHHI B3TXOBXK
BOJIOKOH II0 ILIACTi Ta ITO TPaHi, II0 HacaMIepel € pe3ylbTaToM IIMOHOBOI CTPYKTYPH IBOTO OpyCy Ta BPaxXOBYETHCS IIpU
po3paxyHKax pyHHIBHOTO 3yCHJUIS 3TiIHO JIO 3aIIpOIIOHOBAHOI MeToAMKH. IIpoBeneHuii aHaii3 peKOMEHI0BaHNX BiJCTaHei
MIDK BKJICEHIMH CTEPXKHSIMH, SKi PErJIaMeHTOBAHI CTaHAApTaMH Pi3HUX KpaiH, JO3BOJIMB c(HOPMYITIOBATH PEKOMEH AT {010
KOHCTPYKTHUBHHX BHMOT IIPH IIPOSKTYBaHHI 3’€IHaHb Ha BKiIeeHUX cTepkHax y JIBJI Opyci. Pe3ynbraTti po3paxyHKiB 6aiox 3
METaJICBOI0 BCTaBKOIO, OTPUMAHMX Yy aHAJITHYHOMY HporpamMHomy komiuiekci ANSY'S, nokasanu He3HayHy po30iKHICTH
BIIHOCHO Pe3yJIbTaTiB, OTPUMAHMX IPH EKCIEPUMCHTAIPHUX HATYPHMX BHUIPOOYBaHHAX Oajok, ska ckiaagana Oims 13%.
PyiinyBanHs ycix Oanok BigOyBaloCh uepe3 BHCMHUKYBAaHHS BKJICEHHX CTEP)KHIB Yy HIKHIM PO3TATHYTIH 30HI Oanok.
Jlnst 30UIbIIeHHST Hecy4ol 34aTHOCTI 3’€IHAHHS, 3MEHIIEHHS PO3TPICKyBaHHS JEPEBHHH Ta 3a0e3NEeUCHHS B’SI3KOTO PYHHY-
BaHHS PEKOMEH/YETHCS BCTAHOBJICHHS IBHHTIB Y HaIlpsIMi HOIEPEYHOMY J0 HaIpsSIMy BKJIGEHUX CTEPKHIB. Takox I 3Me-
HIIEHHS e(hOPMAaTHBHOCTI HAMIBXOPCTKUX 3’ €AHAHB 3 METAJICBOIO BCTABKOIO MOJKJIMBO BCTAHOBIIIOBATH FaiKH 3 IBOX CTOPIiH
JUISL BKITIOYEHHS CTEPXKHIB y poOOTY Ha IPOJABIIOBAHHS Yy CTUCHYTIH 30Hi. JIOCII/DKEHNIT By30J C METAIEBOIO BCTAaBKOIO Ha
BKJICEHUX CTEPXKHSAX MOXKE BUKOPHUCTOBYBATUCH IIPU CTBOPEHHI CiTHACTHX OOOJOHOK CKJIAAHOI MPOCTOPOBOI r€OMETPHYHOT

¢dopmmu.

KorouoBi cioBa: BkieeHi cTepikHi, HamiBKXopcTKe 3’enHanus, mmoHosuit 6pyc JIBJI (Ultralam — R), BixcTanb Mixk cTepxk-
HSIMH, MOJIENTb pyHHYBaHHS, TBOCTOPOHHS (iKcamis By3Ja.
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Introduction. The problem of strength and deform-
ability of node joints on glued-in rods and a metal
connector using an LVL beam is extremely relevant
and has been considered when designing complex
geometric shape atrium project (Fig. 1), where a nodal
solution has been proposed that requires testing. Its re-
sults are presented in this publication. The lack of rec-
ommendations regarding the calculation and design of
the joints on the glued-in rods in the structural ele-
ments of LVL beam increased the relevance and inter-
est in this type of connections. The geometry of the
atrium computational model has been created in the
Tekla Structures program, and then exported to the
SCAD Soft program to make the calculation.

Figure 1 — General view of the atrium
and nodal joint

a)

Review of the latest research sources and publica-
tions. The peculiarities of the LVL beam with the help
of glued-in rods also arouse great research interest of
colleagues from different countries, including
M. Stepinac [13], R. Steiger, E. Gehri, A. Buchanan,
E. Serrano, N. Meyer, and others. In the CIS coun-
tries, glued-in rods as a rigid joint of timber structures
are an joints integral engineering solution when de-
signing frameworks for large-span buildings. In prac-
tice of the CIS countries, the glued-in rods use is
cheaper than screw joints, which are popular in the
European countries and are an alternative to glued-in
rods. However, the elements of the well-known con-
struction “Metropol Parasol” in Seville (Spain), which
is a landmark of this city, are made with the help of
LVL beams on glued-in rods. Glued-in rods in timber
structures joints are used in two versions, forming
rigid and semi-rigid joints: joining timber-to-timber or
with welding glued-in rods to the metal element (Fig.
2-a) and joining timber to the metal connector on the
bolts (Fig. 2-b ).

The first variant of the joint is usually prefabricated,
which is not demountable. The second variant of the
joints or semi-rigid joints is increasingly used in com-
bined frames or complex systems of structures, where
metal-free solutions are impossible.

Figure 2 — Rigid and semi-rigid joints with glued-in steel rods:
a —rigid heel joint in a foundation column and a moment joint in a three-hinged frame;
b — semi-rigid moment joint and heel joints

Definition of unsolved aspects of the problem.
The bolted joints compliance of timber structures on
glued-in rods semi-rigid joints is not only joints de-
formations, but also glued-in rods ductility, which is
correspondingly less than the first one. For inclined
glued-in rods according to the norms [1], the compli-
ance is 0.001 mm/kN. There are known the methods
for compliance accounting of dowel joints in timber
structures such as trusses, due to the large number of
the perforating structure elements nodal joints, which
have a significant effect on the magnitude of the total
structural deformation or deflection. The deflection
determination for trusses with lower height is espe-
cially important. The manual of SNiP on the calcula-
tion of timber structures [10] proposed to determine
the movement of truss nodes, considering the joints
compliance according to the rules of structural me-
chanics with the introduction of the reduced modulus
of elasticity (Section 6.29). In the tutorial of professor
Serov E.N. [8] it is indicated that if there are specific
normative values for the joints compliance and an ar-

bitrary level of their bearing capacity use, the deflec-
tion caused by the joints compliance definition, con-
sidering the forces acting in them, should be deter-
mined by the formula:

mk Nci m O-am'
fc:frj"'fajzzl AHiN +21 AHiRa 1)

H.ci cvi

where: f; — deformation of compliance in tension
dowel joints;

Jo — deformation of compliance in the angle joints
and buffer stops;

k — number of dowel joints;

m — number of joints on the angle joints and buffer
stops;

Ap; — the normative value of compliance of the i-th
joint at its full load-carrying capacity;

N,; — force in the i-th joint;

Ny . — load-carrying capacity of the i-th dowel joint;

0.y — crumple stress in the i-th joint;

R“.,; — design resistance to crumble in the i-th joint.
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Problem statement. High strength and cost, slightly
exceeding the laminated timber cost, ensured high
popularity in the market of timber construction for ve-
neer lumber or LVL based on softwood produced by
Ultralam and Kerto. The veneered structure of the
LVL beam requires additional tests of timber structure
joints classical types, which are often used for lami-
nated timber elements. The behavior of LVL and its
destruction during tests of joints structural elements
differ from laminated timber and require the additional
recommendations regarding the rules for the nodal
joints design and their calculation.

Basic material and results. Under the guidance of
professor Fursov V.V. in 2016, a nodal joint on glued-
in rods with a metal connector installed in the middle
of an LVL beam with a unidirectional arrangement of
Ultralam veneer was tested (type R). Fig. 3 shows the
beams loading with static load and the installation lo-
cation of measuring devices for determining deforma-
tions. Tests of the nodal connection were the key and
the LVL beam research final logical stage [7, 9], since
for the node complete analysis, tests of strength and
elastic characteristics under compression from differ-
ent angles, specimens for chipping and specimens for
pulling single glued-in rods were previously per-
formed.

b
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Figure 3 — The loading condition of beams
with a metal connector

The first type of the beams were tested with a cross
section of 75x200 mm, a span of 2.25 m with a node
located in the middle of the beam, where M16 studs
were installed in upper and lower parts. The second
type of the beams differed from the first one that in the
upper part of the cross section M10 studs were glued-
in, and in the lower part M16 studs were glued-in.
Solid beams without a nodal connection were also
tested. Strength grade of steel studs is 5.8. Adhesive
compound is based on resin ED-20. The insertion
depth was 180 mm and the diameter of all holes was
made 2 mm larger than the diameter of the glued-in
rod. The distances between the axes of the rods in all
sections were taken to be the same (Fig. 4). The tests
of the beams were carried out by static loading them
with a 25-ton jack through a traverse, distributing the
load to 2 points in the thirds of the span. The model
was detached from the plane on the supports and in
the places of load application.

Before the test, each beam was loaded for 1 ton and
was completely unloaded; then all the nuts in the joint
were tightened. Load step was 1 t on the traverse, an
exposure load at each step was 2 min. All beams were
brought to destruction. The displacements were meas-
ured on supports and in the span using measurement
devices with a scale value of 0.001 mm.

a: a: a

1

Figure 4 — The location of rods
and the joint after destruction

Results and discussions. The pattern of specimen
destruction has a typical brittle character in the form
of pulling out rods covered with timber layer or
wedge-shaped chipping of timber around rods. When
drilling holes, the center distance and the distance to
the edges were taken to be less than recommended by
the standards of various European countries and Euro-
pean technical conclusions [1-5], as shown in Table 1,
where d is the diameter of the glued-in rod. Consider-
ing the tests results of single glued-in rods under axial
loading in specimens of LVL beam with unidirec-
tional veneer, it was noted that the fracture pattern has
a characteristic splitting and a small area of get out
timber, as detailed in [7]. In addition to single glued-in
rods, specimens with two glued-in rods with a center
distance of less than recommended were also tested.
For example, according to the norms of Russia on the
design of timber structures SP 64.13330.2017 [1] the
minimum distance from the package sides to the rod
axis is taken to be at least 2d and the distance between
the axes of the rods should be at least 3d.

Table 1 — Distances between the glued-in steel rods,
according to the standards of different countries

A as a
- "m'"m" :t ai
ai %) a3
CII 64.13330.2017 | 2d 2d 3d
(Russia) [1]
DIN 1052 2.5d 2.5d 5d
DIN EN 1995-1-1
(Germany) [4]
ON B 1995-1-1 2.5d 2.5d 5d
(Austria) [5]
New Zealand [11] | 2.5d 2.5d 5d
R. Steiger 2.3d 2.3d 4d
(Switzerland) [12]
Z-9.1-791 1.75d 1.75d 3.5d
(2]
Z-9.1-778 1.875d 1.875d | 3.75d
[3]
Tests 1.16d 1.16d 2.37d
(18.5 mm| (18.5 mm| (38 mm)
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The reduced axial spacing of the glued-in rods and
the distances to the edges did not violate the proposed
pattern of destruction, since the area of the get out
timber did not reach the edges or outer edges, as
shown in fig. 5. An analysis of the rods destruction
behavior enables to note that the area of the sheared
timber is ovalized around the glued-in rod, see fig. 6.
The largest part of the timber is cleaved along the lay-
ers of veneer in the cross section of an LVL beam,
where the area of the timber does not exceed 4 layers
of veneer with a total width of 13-15mm.

Figure S — The failure
mode of glued-in steel
rods

Beams were also tested with a modification of the
joint, by installing studs with a smaller diameter in the
upper cross-sectional area, which as a result had little
effect on the breaking load and the beam deform-
ability in the middle of the span, see fig. 7. The upper
rods were not included in the extrusion, but only fixed
a metal connector, which crushed the upper part of the
beam cross-section. Also, the deformation in the beam
upper zone was increased by crumpling the rods
thread in the upper zone. The level of the tightened
nuts was not monitored.
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Figure S — The failure mode of the glued-in steel
rods which were placed parallel to the grain
in a LVL beam:
a — ovalization of the timber shear area;
b — two-side fixing

When testing 5 beams with a metal connector, the
values of the beams deflections at three points were
analyzed separately: in the middle of the span and in
the thirds of the beam span, where concentrated forces
were applied. The results of beam mid-span deforma-
tions at various loading levels are shown in Fig.7,
where a strong coincidence of the beams deformation
curves can be observed 2-5. Breaking load for beams
was observed in the range from 48 kN to 55 kN.
A slight divergence of the beams curves deformations
in the middle of the span increased with an increase of
the load close to destructive.

_—_O-—Bea_ml -I_-Beamz ----- ~Beam 3 ——Beam 4 —+—Beam 5

31‘_(;:;:?;1?) 4t (Flﬂklf.-"cm}g)
8,102 T 12,6 |
10,384 14,604
3,26 14,024
9,85 14,13
9,782 14,648

Figure 7 — Beam deflection in the middle of the span with a metal connector
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For a comparative assessment of the beam deform-
ability with a connector, tests of solid beams without a
node were performed. Curve nl in fig. 8 shows the de-
formations in the beam mid-span, and the curves n2
and n3 show the beam deformation in thirds of the
span. Fig. 8-a) shows the deformations of the solid
beam with a characteristic significant excess of the de-
formation or deflection in the middle of the span.
The beam with the connector at the initial stages of
loading had a deformation in the span slightly higher
than in the thirds of the span, since the beam stiffness
in the node is higher due to the metallic elements of
the connection and the lack of the glued-in rods pli-
ability.

It should be considered that the beam geometric
model in the calculation is idealized and free of a
number of inaccuracies associated with the connection
on the glued-in rods implementation, the contact sur-
faces quality, etc., which constitute loose deforma-
tions that are not considered in the design software
packages.
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Figure 8 — Deflection curves of a solid beam (a)
and a beam with a connector (b)
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Figure 9 — Beam deformation according
to calculation

The proposed method for calculating the strength of
glued-in rods includes a number of prerequisites in the
form of parameters borrowed from various formulas
for calculating glued-in rods in solid or glued timber.
The need to develop a modified method of calculation
is primarily due to the large difference between the
experimental strength values and the various analyti-
cal data on the joint strength. Also, the developed
formula (2) for the calculation of rods in an LVL
beam includes not only the main design parameters
(see Fig. 10), but also the features observed during
testing, such as the ovalization of sheared timber
around the rod, and therefore the strength value when
splitting LVL timber along the grain on the edge and
on the face.

Rk = wdil-(h g eacfoip)” ke ()

where: R, — the characteristic pull-out capacity of
GIR in LVL with unidirectional veneers, in N;

Jvkea Jrip — the characteristic shear strength flatwise
and edgewise for LVL with unidirectional veneers
(Ultralam type R) in N/mm?’;

/ — anchorage length;

d,, — drilled hole diameter;

k. — coefficient that considers the uneven shear stress
distribution depending on the rod anchorage length:

k.= 1,2-0,02-1/d 3)

<~ ] [T §q

—_—

Figure 10 — The main parameters
of the design model

To ensure the joint design strength on the glued-in
rods, it is necessary to follow the rules of the glued-in
rods placement along the grain in the beam cross-
section, namely the minimum distances, as shown in
Fig.11. It should be noted that the distance between
the rods along the veneer layers is greater than in the
perpendicular direction relative to the veneer due to
the ovalization of the sheared timber around the rod
formed by the difference in shear strength along the
LVL grain on the face and on the edge.

1,75d 3d 1,75d

1,75d

ad

Figure 11 — Recommended distances between
the glued-in rods and to the edges
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The specified minimum distances between the rods
and to the LVL element cross section edges can be used
if the rods are accurately glued in (without distortions
of the holes and the rods when gluing). To reduce the
beam with a metal connector on the glued-in rods de-
formability, it is possible to use double-sided installa-
tion of nuts on the rods located in the upper part of the
beam cross section, or in a compressed zone. It is also
possible to perform a controlled tightening of the nuts
not exceeding 70% of the timber compressive strength
calculated value along the grain. Created prestress in
the node reduces loose initial deformations by 32-40%.
The complexity of tightening the nuts to a predeter-
mined value should be considered.

The proposed calculation method and design rules
are of advisory nature and require further studies to
clarify some data. Fig. 12 shows the glued-in rods
strength diagram obtained during the tests (“tests”
curve) and the expected values, according to various
norms, as well as according to the proposed method
(2), the “proposing” line. Symbols of straight lines
plotted on the diagram are as follows: “tests” - test re-
sults, “din” — the value expected by the German stan-
dards, “ru” — according to the Russian standards,
“ru-vr” — according to the Russian standards using the
temporal resistance value when splitting LVL beam,
"en" — the value expected by the pan-European meth-
odology.

=¥—tests efil=cin ==frru e=Ne=rU-Vr =e=gn == proposing
70 4
60
3]
Eso !
iz & .
:_‘Ei' 40 e - = - Y Ly [
n
=)
£ 30 1
2]
20 1
O +
1 2 3 4 5 6 2 8 9 10
Specimen
number

Figure 12 — The strength of the glued-in rods
obtained during testing and the expected values,
according to various standards, as well as accord-
ing to the proposed method of calculation

Conclusions. The tests of the nodal joint on the
glued-in rods with a metal connector and the analysis
of the experimental data confirm the possibility of re-
ducing the center distance between the glued-in rods
to 2.4d and the distance to the faces 1.2d, while not al-
lowing the block scheme of destruction of a group of
glued-in rods. To calculate the strength of glued-in
rods in a LVL beam with an unidirectional veneer in-
stalled along the grain, it is possible to use the calcula-
tion formula (2), which takes into account the devia-
tion of the shear strength along the grain in the LVL
beam. The fragile nature of the fracture with cracking
along and across the veneer requires the installation of

screws or the use of an LVL beam with cross veneer
layers. A comparative analysis of the deformability of
the beams on glued-in rods with a metal node con-
firms the need to take into account the compliance of
this semi-rigid connection.

Also, an obvious and necessary addition to the con-
sidered type of connection with a metal connector
should be performed with two-sided installation of
nuts relative to the metal connector, that ensures that
the glued-in rods located in the compressed zone of
bending element are included to the work, potentially
with a smaller diameter than the rods installed in the
lower zone.
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