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Abstract: This paper presents the results of numerical modeling and full-scale experiments of the failure process
of a glued laminated timber beam with rigid joint in the middle. All the connecting parts are made of carbon fi-
ber. The structural analysis is done with the finite element method (ANSYS software). The nonlinear problem
was solved. The contact interaction of the structural elements in the process of deformation and fracture, as well
as orthotropy of the wood, the transversely isotropic properties of the plates, and the real diagrams of the defor-
mation of carbon fiber dowel pins were taken into account. The influence of the structural parameters of the joint
on the position of the most loaded dowel pin in the joint and the bearing capacity of the general structure are in-
vestigated. To verify the structural analysis results, field tests were carried out before destruction by a stepwise
increasing load on a personally designed stand. The destruction of the structure occurred according to the fore-
cast of the numerical model as a result of the mutual slip of the glued wood layers and the destruction of the pol-
ymer matrix of the glued dowel pins with the beginning of the formation of plastic joints and the formation of
cracks in the wood at the junction.
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AnHOTauus: B manHoi paboTe mpeacTaBiIeHbl Pe3yabTaThl YUCICHHOTO MOJICTHUPOBAHUS U HATYPHBIX dKCIIEPH-
MEHTOB TpoIlecca Pa3pylICHUs KOHCTPYKIUU OalKU U3 KIICCHON JPCBECHHBI C HATCIBHBIM CTHIKOM, COCITUHU-
TeJIbHBIE 2JIEMEHTBI KOTOPOIr'O M3rOTOBJICHBI U3 yriemiacTuKa. PacueTsl MpoBOJMINCH METOAOM KOHEUHBIX 3Jie-
MEHTOB B nporpaMMHoM komriekce ANSYS. Pemanace HenuHelHas 3ajja4a. Y UUTHIBAJIOCh KOHTAKTHOE B3au-
MOJICHCTBUE COCTABJISIOIINX JJIEMCHTOB KOHCTPYKIIMU B Tpoliecce NeOPMHUPOBAHUS U Pa3PYIICHUS, a TaKKe
OPTOTPOIHS APCBECHHBI, TPAHCBEPCATbHO-U30TPOITHBIC CBOICTBA IIACTUH, PeabHBIC TUarpaMMbl 1eGopMUpO-
BaHUs YIJIEIUIAaCTUKOBBIX Haresiel. MccinenoBaHo BIUSIHUE KOHCTPYKTUBHBIX MAapaMETPOB CThIKA Ha TOJOKEHUE
HanboJlee Harpy>KEHHOTO CTEP)KHS B COCIMHEHUH M HECYIIYIO CIIOCOOHOCTh KOHCTPYKINHU Oanku. [t Bepudu-
KaIli{ Pe3yNbTaTOB pacyeTa IMPOBOAMINCH HATYPHBIC HCIIBITAHUS 0aJIOK 0 Pa3pyLICHHUS MTOIIAaroBO BO3pacTaro-
el Harpy3Koi Ha CTIEIIHATBFHO 3aIPOSKTUPOBAHHOM CTEHE. Pa3pylieHne KOHCTPYKIIUH POHU30IILIO COTIACHO
MIPOTHO3Y YUCIICHHON MOJENH B Pe3yIbTaTe B3aMMHOTO IPOCKAIB3BIBAaHHS CIIOCB KICCHOW JIPEBECHHBI H Pa3py-
IICHUS MTOJMMEPHON MaTpPHUITHl BKIIEHBACMBIX CTEp)KHEH ¢ HawajaoM 00pa30BaHUS IUIACTHYECKIX IMIAPHUPOB MO
MSATKAMH TPaBEPChl U 00Pa30BaHUEM TPEIIUH B IPEBECHHE B MECTE CTHIKA.

KutioueBble ciioBa: IpeBecHHa, YIieIacTUK, KOMIbIOTepHas Mojeib, ANSYS,
KOHEYHORJIEMEHTHOE MOICTUPOBAHUE, KOMIIO3UTHBIM MaTepHall, KOHTAKT
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1. INTRODUCTION

Joints of solid and glued timber structures are the
most responsible and extremely labor-intensive
design section in the construction of long-span
architectural forms. Numerous studies of wooden
structures joints were carried out by such institu-
tions as VIAM, TSNIISK, TsAGI, MISI, LISI,
VIA and researchers: G. G. Carlsen, 1. P. Kulibin,
V. G. Shukhov, V. M. Kochenov; Gestesi, Earl,
Schnidtman and others.

S. A. Andreev [1], V. N. Maslov [2], V. F. Ivanov
[3], B. L. Nikolai [4], A. V. Lenyashin [5], V. G
Donchenko [6], Yu. V. Slitskoukhov [7]) consid-
ered a dowel as a beam on an elastic base.

G. G. Carlsen was the first to propose a method
for calculating joints by permissible stresses. V.
M. Kochenov [8] proposed a methodology for
calculating nugget joints taking into account the
elastic-plastic work of wood in the nest for col-
lapse and the plastic work of rods for bending.
The authors S. B. Turkovskii and A. A. Po-
goreltsev [10-13] proposed a universal joint on
glued rods (“TsNIISK system”) using steel pins
and overlays (Figure 1), which made it possible
to create a large number of unique large-span
wood structures.
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Figure 1. Universal joint “TsNIISK system”.

Despite the multipurpose of such compounds,
their practical use in load-bearing structures in
some cases (chemically aggressive environment,
high humidity, etc.) is not reliable, since there is
a risk of premature failure of the structure due to
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corrosion of steel parts. The restoration of the
anticorrosion layer is often impossible without
stopping the operation of the facility. The high-
temperature effect when using steel parts at the
joints of the weld joint (patch pads, reinforcing
bars) leads to stress concentrators associated
with the destruction of the wood structure in
these areas. A significant difference in the linear
thermal expansion coefficients a*106 (1/0C) of
steel (13.0) and wood parallel to the fibers (3.7)
leads to a limitation of the joining of large-
assembled large-span elements under conditions
of a large annual temperature difference. The
fire resistance of a massive wooden section
treated with flame retardant allows structures to
withstand up to 60 minutes without collapse,
while the transition of steel connecting parts to a
plastic state in a fire will occur 5-12 times less
(depending on temperature).

In [14, 15], it was shown that it is mainly possi-
ble to use composite materials (carbon fiber,
basalt, fiberglass) instead of steel to create equal
strength joints of wooden structures [16]. But
the widespread use of composites today is hin-
dered by the lack of a full regulatory frame-
work, a relatively high cost, a small number of
industries and limited application experience.
The issue of improving the connections of solid
and glued wood structures using glued rods and
pads made of composite materials (including
carbon fiber reinforced plastics) is relevant and
expands the possibilities of using renewable
natural materials.

The existing methodology for calculating the
connections of the “TsNIISK system” is re-
duced to comparing the minimum bearing ca-
pacity of a rod from the condition of crushing a
wood point or bending, the most loaded of rods.
However, methods for determining the forces in
the pins to find the most loaded rod in the nor-
mative documents are not given [17].

The study of the processes of deformation and
fracture of a structure under complex stress
conditions requires the use of adequate mathe-
matical models of the mechanical behavior of
materials and a high degree of detail of structur-
al elements. The use of numerical methods, the
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capabilities of modern software systems and
computers allows us to describe with high accu-
racy the behavior of the elements of the joint
structure in a complex stress state. To analyze
the stress-strain state of the structure, the finite
element method in the form of the displacement
method and “ANSYS” program complex [18],
verified at the Russian Academy of Architecture
and Building Sciences, was used.

The purpose of this study is to determine the
stress-strain state of the elements of the rigid
joint of glued wooden structures using compo-
site parts with numerical modeling and a full-
scale experiment. To show the fundamental pos-
sibility of using composite parts and rods as an
alternative to steel elements when creating equal
strength assemblies.

To achieve this goal, the following tasks were
solved:

1. Creating a design model for the construction
of a wooden beam with a joint node, taking into
account the orthotropy of glued wood and the
contact of the elements of the joint.

2. Structural analysis of the stress-strain state of
the structure with different configuration op-
tions using four-point bending.

3. To determine the places of the most possible
destruction of the structure depending on the
parameters of the joint design.

4. To verify the results obtained, conduct full-
scale experiments and a comparative analysis
with the engineering calculation method.

2. METHODS

In this study, a calculated finite-element model
of a layered wooden beam with a joint in the
middle of the span was created. It was tested
using the four-point bending technique (Figure
2a). The model was built in AutoCAD and ex-
ported to ANSYS using macros written in the
parametric programming language APDL. The
joint overview is shown in Figure 2b.

The main feature of the considered structure is
the contact interaction of bodies [19], the inclu-
sion of which allows to simulate the behavior of
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its constituent elements in the process of defor-
mation and fracture.
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Figure 2. The design scheme of the beam and
joint overview.

The stress state in the contact zones is extremely
diverse. Surfaces can come in and out of contact
all of a sudden. The stress state is significantly
affected by friction, and it must be taken into
account.

At the joint boundaries of the contacting ele-
ments, distributed surface forces arise. Normal
t» and tangent #; components of the distributed
contact force acting on any element have the
form:

t,=t-n=0 (D)
t,=t-T, (2)

where 7 - external normal to the contact surface
of the body, r - tangent vector to the contact
surface of the body.

In equation (1), non-strict inequality turns into
equality when the bodies exit the contact and
into strict inequality when they are in contact.
Tangent contact forces can take any value. The
application of the tangential stress in the contact
does not lead to slippage, provided that the
bodies in the contact area are glued to each
other or the friction coefficient tends to infinity.
In this case, the tangential contact forces are
independent of normal contact forces, but are
not equal to zero.

The contacting bodies are motionless relative to
each other, i.e. tangential forces obey Coulomb's
law as long as the inequality holds:
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|te] = peltnl 3)
where p_ = 0 — static coefficient of friction.

If inequality (1) is violated, the bodies begin to
move relative to each other. Then the tangential
contact forces obey the following equality:

|tr|=#d|tn|’ (4)

where p,; — dynamic coefficient of friction,
Mg = s

The movement will continue until inequality is
fulfilled and will not start again until inequality
is violated again (3).

lt.| < paltal, (5)

When friction in the contact zones is taken into
account, the solution of the problem substantial-
ly depends on the sequence of application of
external loads, and complex loading programs
are implemented at the points entering and leav-
ing the contact [20 - 22].

The development trend of leading software sys-
tems (PCs) is the implementation of a set of
mathematical models in them to describe differ-
ent physical processes. The user connects the
necessary models at the stage of setting the
problem, setting the corresponding boundary
conditions and other required input data.

The ANSYS Workbench software module con-
tains a large set of contact technology tools inte-
grated into the finite element method for devel-
oping various contact options [7, 8]. Two inter-
acting surfaces are distinguished in a contact — a
contact pair. One of the surfaces is conventional-
ly called “contact” and the second — “target”. The
choice of contact model is the most important
issue in solving contact problems.

In this task the contact area can change and in
the general case it contains both adhesion and
sliding sections that occur when the module ex-
ceeds the tangential force of the limit value of
the friction force (rest friction). To model con-
tact interaction and sliding between three-
dimensional surfaces, the Frictional model and
contact elements CONTA174 and TARGE170
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were used. The friction coefficient depends on
the materials, and is adopted for a pair of wood-
carbon fiber — 0.25, and for a pair of wood-
wood — 0.33.

The following finite elements were used to cre-
ate the calculated finite element model of the
model: the beam body was modeled with 8-node
SOLID185 elements, the rods with 3-node
BEAMI88 elements, and the pads with 8-node
SHELL281 elements. Different mesh options
were considered. From the point of view of
convergence and calculation speed, a mesh with
grinding in the contact zone is preferable. The
size and type of mesh significantly affects the
analysis results.

The load in the form of two concentrated forces
F=1,25 kN (Figure 2a) was adopted in accord-
ance with the recommendations of the National
Standart “Wooden Structures”.

The joint was made in the middle of the span.
The design is a composite. Wood is defined as an
orthotropic material with the following character-
istics: elastic modulus along the x axis, Ex =
1.1x10'° Pa; elastic modulus Ey = E, = 4.5x 108
Pa; Poisson's ratios vxy = 0.45, vy, = vy, = 0.018;
shear modulus Gx = Gy = G, = 6 x 10° Pa.

The glued rods are carbon fiber on a polymer
matrix [23] with the following characteristics:
tensile strength at break o; = 2.248 x 10° Pa;
elastic modulus E = 117 x 10° Pa; Poisson's ra-
ti0 Vxy = vyx = 0.31.

The overlays are defined as a transversally iso-
tropic bidirectional carbon fiber reinforced plas-
tic with a direction of reinforcing layers of +45
degrees with the following characteristics: ten-
sile strength at break o = 7.65 x 10° Pa; elastic
moduli Ex = Ey = 87.2 x 10° Pa, Ez = 65.4 x
10° Pa; Poisson's ratios vxy = vyx = 0.268; vy, =
0.018.

Numerical implementation of nonlinear prob-
lems of determining the stress-strain state of a
structure was carried out by a step-by-step
method by replacing the entire load with a series
of its small increments. Within each loading
step, the load can be further divided into several
solution steps to ensure gradual application of
the load. At each step of the solution, to obtain
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convergence, equilibrium iterations were per-
formed using the Newton-Raphson method. The
convergence check for forces and displacements
was carried out using the Euclidean norm for all
degrees of freedom.

3. RESULTS AND DISCUSSION

The results of calculating a variant of a beam
with arrangement at the junction of eight pins
on each side at an angle of 45 ° to a line running
along the long edge of the beam are shown.
Figures 3 and 4 show the isofield of the distribu-
tion of equivalent stresses in wood and connect-
ing parts (pads and rods).
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Figure 3. Isofields of stress distribution in the
body of wood (Pa).
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Figure 4. Isofields of the stress a’zstrzbutzon in
connecting parts (Pa).
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The contact interaction status of structural ele-
ments is shown in Figure 5 (orange color indi-
cates slippage of wood layers relative to each
other (“SLIDING” in ANSYS terminology), as
well as slippage of rods in landing slots at the
moment of sample destruction).

Volume 16, Issue 2, 2020

Plastic deformations in a specimen with a rig-
id joint begin to form under the supports of
the beam in the zone of maximum bending
moment at a load of 15.4 kN. A diagram with
the locations of the resulting plastic hinges is
shown in Figure 6. The failure of the joint oc-
curs at a load of 25.6 kN. In this case, the
opening of the joint zone and the separation of
the connecting strips, as well as the rods at the
contact points.

" — —
Figure 5. Contact interaction of the rods, pads
and layers of wood at the time of destruction.

The maximum equivalent stresses in the glued
rods forming a rigid joint were 600.7 MPa. The
voltage distribution fields in the connecting
parts are shown in Figure 6.

Figure 6. Plots at the beginning of the formation
of plastic hinges under the supports of the beam.

At the moment of sample destruction, the max-
imum displacements of the middle of the beam
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span (at the junction) according to the results of
numerical simulation were equal to 9.75 mm.
The maximum equivalent stresses in the glued
rods forming a rigid joint were 600.7 MPa. The
voltage distribution fields in the connecting
parts are shown in Figure 7.

The most responsible (bottleneck) is the area of
glued rods located between the plate and the
wood - in this place the greatest bending stress-
es arise. In Figure 7, these areas are painted in
light blue. When designing the joint, it is advis-
able to use conical-shaped rods with a thicken-
ing at the junction of the parts to be joined.

Figure 7. Isofields and stresses in the rods on a
stretched pad.

In order to assess the influence of the parameters
of structural elements on the bearing capacity of
the joint and to determine the most loaded rod in
the joint, a multivariate computational experi-
ment was conducted. The following parameters
were taken as variable: position (gluing angle)
¢=15, 30, 45, 60 (Figure 8); the number of pins
in the connection N =4, 8, or 12 pcs.

y 400
1
¢
D —
2 7 >
Figure 8. The angle of gluing rods.
106

The rods are installed in two longitudinal rows,
the location of the rods is taken in accordance with
the requirements of paragraphs 7.18, 7.19 [9].

The following are taken as controlled design
parameters: maximum equivalent stresses be-
fore failure for all joints: in wood, in rods, in
overlays and maximum beam deflection in the
vertical plane.

The following are taken as controlled design
parameters: maximum equivalent stresses be-
fore failure for all joints: in wood, in rods, in
overlays and maximum beam deflection in the
vertical plane.

The results obtained during the computational
experiments are shown in Figures 9-12.
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g ——
= — e
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= I —
=
=
3 0900
0,800
4 rods 8 rods 12rods
=40 degrees 1,049 1,015 0,995
15 degrees 1,025 1,008 0,996
=i 3() degrees 1,020 1,005 0,997
== 45 degrees 1,013 1,000 0,994
== 60 degrees 0,980 0,959 0,955
NUMBER OF RODS

Figure 9. Deflection of the beam
in the vertical plane.
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—4—0 degrees 1,202 1,173 1,135

15degrees 1,135 1,032 0,876
=ie==30 degrees 1,148 1,062 0,984
== 45 degrees 1,119 1,000 0,951
== 60 degrees 1,181 1,102 1,081

NUMBER OF RODS

Figure 10. Maximum equivalent stresses
in wood.

It can be seen from the graphs that the beam de-
flection decreases with an increase in the angle of
inclination of the rod (logically, the rods become
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more parallel to the boards and create longitudinal
reinforcement). Stresses in wood and CFRP vary
insignificantly, and the stresses in the rods and
pads are greater, the smaller the rods.

1,600
1,500
1,400
1,300
1,200
1,100
1,000
0,900
0,800

STRESS INTHE RODS,
MPA

4 rods
1,562
1,390
1,503
1,367
1,385

8 rods

1,397

1,015

1,227

1,000

0,982
NUMBER OF RODS

12rods
1,034
0,926
1,023
0,897
0,981

e 0 degrees

15 degreess
=== 30 degrees
== 145 degrees
== 60 degrees

Figure 11. Maximum equivalent stresses

in the rods.
1,200
g
2 1,100
&
I«
=
z % 1,000
n
b4
e 0,900
=
n
0,800
4 rods 8rods 12rods
—4—0 degrees 1,100 1,053 0,884
15degrees 1,096 0,872 0,815
=30 degrees 1,165 0,933 0,884
=¢=145 degrees 1,112 1,000 0,929
== 60 degrees 1,124 1,028 1,018
NUMBER OF RODS

Figure 12. Maximum equivalent stresses
in pads.

4. FULL-SCALE EXPERIMENTS

The scheme of full-scale testing of the sam-
ples corresponded to the design scheme shown
in Figure 2. The joint was made in the middle
of the span. The beam body is glued wood of
the second grade with a section of
100%225%x3000 mm. The glued rods are car-
bon fiber with a diameter of 5 mm, obtained
by pultrusion. The overlays on the top and
bottom of the beam — bidirectional carbon fi-
ber on the matrix of the synthetic polymer
binder are anchored (fixed) into the body of
the wood using glued rod.

Volume 16, Issue 2, 2020

The tests were carried out until the destruction
of the sample stepwise increasing load on a in-
dividually designed bench. The pressure on the
beam was transmitted by means of a hydraulic
jack DUS50P250 through a traverse with two ar-
ticulated supports. The load value was taken
from an electronic pressure gauge connected to
the oil station via high pressure hoses. The value
of the breaking load was taken at the moment at
which an increase in displacements was ob-
served with the jack support pressure drop. To
measure the displacements, inductive linear dis-
placement sensors DPL-100 were used, con-
nected to the TEREM-4.1 recording unit.

A general view of the beam on the bench is
shown in Figure 13. The sample after the de-
struction of the joint, is shown in Figure 14.

e
y o

F lge 13. General vie the éim »
on the bench.

of the joint.
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The tests were carried out until the sample was
destroyed by a stepwise increasing load on a spe-
cially designed bench. The breaking load is set at
25.4 kN, the displacement in the middle of the
span was 7.2 mm. The compressed (upper) edge
of the beam at the junction closely approached the
opposite part of the beam, forming a frontal stop.
The maximum width of the opening of the lower
edge at the junction was noted with an indicator
value of 5.7 mm, with an initial gap value of 1
mm before the test.

Figure 15 shows the graphs of the dependence of
the maximum displacements of the beam on the
load obtained in computational and field experi-
ments. Sensors "1" and "3" are installed under the
support heels of the beam, transmitting the force
directly to the beam. Sensor "2" is installed in the
middle of the beam span (at the junction).

Deflection versus load diagram

0 2 4 6 8 10 12 14 16
Displacement, mm

Figure 15. Graphs of the dependence
of displacements on load for experimental
and theoretical data.

The experiments were carried out until the col-
lapse of the beam and the joint with the occur-
rence of mutual displacements of the layers of
wood and pulling out individual rods. After de-
struction, the beam did not return to its original
state.

The nature of the damage in full-scale tests cor-
responds to the forecast of the numerical model.
The structure is destroyed as a result of the mu-
tual slip of the glued wood layers, the destruc-
tion of the polymer matrix of the glued rods, the
formation of plastic joints under the heels of the
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beam and the formation of cracks in the wood at
the junction.

After the first rod was turned off from work, the
structure continued to work elastically for some
time, but with an increase in load and a sharp
destruction of the remaining rods, the joint of
the structure completely destroyed. This infor-
mation is confirmed by the spasmodic behavior
of the curve on the load-displacement graph,
followed by an increase in deformations when
the load drops.

S. CONCLUSION

The creation of a correct design model for the
construction of a wooden beam with a nodal
joint, taking into account the orthotropy of
glued wood and the contact interaction of the
joints, the use of numerical methods and mod-
ern software systems, allows us to understand
the nature of the destruction of the composite
structure, the distribution of stresses and dis-
placements that occur inside the joint, hidden
for registration during experimental research.
The places of the most probable destruction of
the structure are determined depending on the
parameters of the joint design.

The principal possibility of replacing metal
parts with carbon fiber to create equal strength
joints of wooden structures is shown. When
comparing the results of experiments of a beam
with a joint on glued rods with a similar contin-
uous beam, the reinforcing effect of the rods is
noted, since the glued joint rods prevent mutual
displacement of the layers.

Short-term tests as a whole showed viable solu-
tions when designing joints on glued rods [24],
however, to complete the picture of the opera-
tion of such parts, it is necessary to conduct
long-time based experiments, including fire
tests and vibration load tests. It is necessary to
take into account the aging of composites. Also,
a long-time experiment is designed to show the
joint work of the composite and wood, because,
for example, steel rods form an oxide corrosion
shell over time and after several years of opera-
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tion cease to provide the initial joint work in the
wood nests. It is assumed that composite solu-
tions for joints of glued wooden structures will
be free from such drawbacks.

REFERENCES

1.

Andreev S.A. Primenenie sterzhnevyh
soedinenij v derevyannyh konstrukciyah
[The use of rod joints in wooden struc-
tures]. // Strojindustriya, 1930, No. 7 (in
Russian).

Maslov V.N. Raschet boltovogo, rabotay-
ushchego na razryv styka derevyannoj fer-
my kak uprugoj sistemy [Calculation of the
bolted working on the gap of the wooden
truss as an elastic system]. // Collection of
works of the Moscow Institute of Engineer-
ing Transport, 1926, No. 2, pp. 119-114 (in
Russian).

Ivanov V.F., Maltsev L.I. Issledovanie
raboty nagelnyh soedinenij v predelah up-
rugosti [The study of the work of joint
compounds in the range of elasticity]. //
Proceedings of the Leningrad Institute of
Engineering and Public Construction, 1939,
pp. 167-175 (in Russian).

Nikolai B.A. Teoriya rascheta nagelnogo
sopryazheniya v derevyannyh konstrukci-
yah [Theory of the calculation of the brass
mates in wooden structures]. Moscow,
NDTVCH, 1935, 164 pages (in Russian).
Lenyashin A.V. Issledovanie sopryazhenij
na nagelyah: nauchno-tekhnicheskij otchet
laboratorii derevyannyh konstrukecij
CNIIPS [Conjugation of mates on pins: sci-
entific and technical report of the laboratory
of wooden structures TsNIIPS]. Moscow,
1935, No. 4412-5100 (in Russian).
Donchenko V.G., Nagel'nye soedineniya v
avtodorozhnyh mostah [Fuse connections in
road bridges]. Moscow, Dorizdat, 1952,

255 pages (in Russian).
Slitkoukhov Y.V. Issledovanie raboty
simmetrichnyh  sopryazhenij elementov

derevyannyh konstrukcij na nagelyah iz

Volume 16, Issue 2, 2020

10.

11.

12.

13.

krugloj stali [The study of the symmetric
mating elements of wooden structures on
the dowel of round steel]. PhD Thesis,
1956, 12 pages (in Russian).

Kochenov V.M. Nesushchaya sposobnost'
elementov i soedinenij derevyannyh kon-
strukcij [Bearing capacity of elements and
connections of wooden structures]. Mos-
cow, Gosstroiizdat, 1953, 320 pages (in

Russian).
SP  64.13330.2017. Derevyannye kon-
strukcii.  Aktualizirovannaya redakciya

SNiP I1-25-80 [Wooden structures. Updated
edition]. Moscow, TSNIISK, 2017, 87 pag-
es (in Russian).

Turkovskij S.B., Sayapin V.V. Issledo-
vanie montazhnyh uzlovyh soedinenij
kleyonyh derevyannyh konstrukcij [Investi-
gation of assembly nodal joints of glued
wooden structures]. // Bearing wooden
structures: Collection of scientific papers.
Moscow, TSNIISK, 1981, pp. 92-105 (in
Russian).

Turkovskij S.B., Lomakin A.D. Po-
gorel'cev A.A., Zavisimost' sostoyaniya
kleenyh derevyannyh konstrukcij ot vla-
zhnosti okruzhayushchego vozduha [De-
pendence of the state of glued wooden
structures on the humidity of the surround-
ing air]. // Industrial and Civil Engineering.
Institute Proceedings, Moscow, TSNIISK,
2012, No. 3, pp. 30-32 (in Russian).
Turkovskij S.B., Pogorel'cev A.A. Soz-
danie derevyannyh konstrukcij sistemy
TSNIISK na osnove naklonno vkleennyh
sterzhnej [Creation of wooden structures of
the TSNIISK system based on inclined
glued rods]. // Industrial and Civil Engi-
neering. Institute Proceedings. Moscow,
TSNIISK, 2007, No. 3, pp. 6-8 (in Rus-
sian).

Turkovskij S.B., Pogorel'cev A.A.
Preobrazhenskaya I.P. Kleenye
derevyannye konstrukcii s uzlami na
vkleennyh sterzhnyah v sovremennom
stroitel'stve  (sistema CNIISK) [Glued
wooden structures with knots on the glued

109



14.

15.

16.

17.

18.

19.

20.

21.

110

Mikhail A. Vodiannikov, Galina G. Kashevarova, Danil 1. Starobogatov

rods in modern construction (TSNIISK sys-
tem)]. Moscow, Strojmaterial,. 2013, 308
pages (in Russian).

Kashevarova G. G., Vodiannikov M.A.
Chislennoe 1 eksperimental'noe modeliro-
vanie zhestkogo styka sloistyh derevyannyh
konstrukcij [Numerical and experimental
modeling of hard joints of laminated wood-
en structures]. // International Journal for
Computational Civil and Structural Engi-
neering, 2017, Volume 13, Issue 2, pp. 84-
92 (in Russian).

Vodiannikov M., Kashevarova G. Analy-
sis of Wood Structure Connections Using
Cylindrical Steel and Carbon Fiber Dowel
Pins. // IOP Conference Series: Materials
Science and Engineering, 2017, Volume
205.

Gugutsidze G., Draskovic F. Reinforce-
ment of Timber Beams with Carbon Fiber
Reinforced Plastics. // Slovak Journal of
Civil Engineering, 2010, No. 2, pp. 1-6.
Mett'yuz F., Rolings R. Kompozitnye ma-
terialy. Mekhanika 1 tekhnologiya [Compo-
site materials. Mechanics and technology].
Moscow, Tehnosfera, 2004, 408 pages (in
Russian).

Kaplun A. B. ANSYS v rukah inzhenera.
Prakticheskoe rukovodstvo [ANSYS in the
hands of an engineer. Practical guide].
Moscow, Librokom, 2015, 272 pages (in
Russian).

Stankevich 1. V., Yakovlev M. E., Si Tu
Htet. Matematicheskoe modelirovanie kon-
taktnogo vzaimodejstviya uprugoplastich-
eskih sred [Mathematical modeling of the
contact interaction of elastoplastic media].
Moscow, NEIKON, 2012 (in Russian).
Mashkov Y.K. Tribofizika metallov i po-
limerov [Tribophysics of metals and poly-
mers]. Omsk, OMGTU Publishing, 2013,
240 pages (in Russian).

Popov V.L. Mekhanika kontaktnogo vzai-
modejstviya i fizika treniya. Ot nanotri-
bologii do dinamiki zemletryasenij [Me-
chanics of contact interaction and physics
of friction. From nanotribology to earth-

22.

23.

24.

quake dynamics]. Moscow, Fizmatlit, 2013,
352 pages (in Russian).

Podgornyj A.N., Gontarovskij P.P. and
others. Zadachi kontaktnogo vzaimodejst-
viya elementov konstrukcij. Monografiya
[Tasks of contact interaction of structural
elements]. Kiev, Nauk Dumka, 1989, 232
pages (in Russian).

Perepelkin K.E. Himicheskie volokna:
razvitie proizvodstva, metody polucheniya,
svojstva, perspektivy [Chemical fibers:
production development, production meth-
ods,  properties,  prospects].  Saint-
Petersburg,, SPGUTD Publishing, 2008,
354 pages (in Russian).

Vodiannikov M., Kashevarova G. Com-
posite Solutions for Glulam Joints. // Key
Engineering Materials, 2019, Volume 801.

CIIMCOK JIMTEPATYPbI

1.

Angpees, C.A. IIpuMeHeHHE CTEPKHEBBIX
COCTMHEHUH B JIEPEBIHHBIX KOHCTPYKIIHSX.
/I Ctpoitnanyctpust, 1930, No7.

MacaoB B.H. Pacuer GonroBoro, padora-
IOIETO Ha pa3pblB CTHIKA JCPEBSIHHOMN
dbepmbl Kak ynpyroi cucrteMsl. // COOpHUK
TPyZA0B MOCKOBCKOTO WHCTUTYTa WH)KCHE-
poB TpaHcnopta, 1926, Beimyck 2, c. 114-
119.

HUBanop B.®., Manbues JI.U. Hccreno-
BaHHE PabOTBhl HATENBHBIX COCIUHEHHA B
npexaenax ympyroctua. // Tpynsl Jlenun-
IPajCKOT0 MHCTUTYTAa MHKEHEPOB KOMMY-
HaJIBHOTO CTpouTenabcTBa, 1939, ¢. 167-175.
Hukouan b.A. Teopus pacuera HarenbHO-
rO CONpPSDKEHUSI B JCPEBSIHHBIX KOHCTPYK-
musax. — M.: HATBY, 1935. — 164c.
Jlensmun A.B. HccnenoBanue compsbke-
HUN Ha Harejsx: Hay4YHO-TEXHUYECKHH OT-
4yeT J1adopaTopuy JEPEBSIHHBIX KOHCTPYK-
muii [THHAMIIC. Mocksa, 1935, Nod412-
5100.

Jlonuyenko B. I'. HarenbHble coequHeHMs B
aBTOJIOPOXKHBIX MocTax. — M.: Jlopusnar,
1952. - 255 c.

International Journal for Computational Civil and Structural Engineering



Numerical Modelling and Full-Scale Experiments of Glued Wooden Structures Joint Destruction of Carbon-Fiber
Dowel Pins

7.

10.

1.

12.

13.

14.

Caunkoyxos HO.B. Vccrnenoanue paboTsl
CUMMETPUYHBIX COIPSDKEHUN 3JIEMEHTOB
NEPEBSIHHBIX KOHCTPYKIUN Ha Haremsix W3
KpyTJioil ctaiiu. ABTopedepaT AuccepTaiuu
HA COMCKaHWE YYEHOW CTENeHU KaHAWaara
TEXHUUYECKUX Hayk. — M., 1956. - 12 c.
KoyenoB B.M. Hecymas cnocoOHOCTb
JJIEMEHTOB UM COEJUHEHMH JepeBSHHBIX
KOHCTpyKuui. — M.: 'occTpoituznar, 1953.
-320c.

CII 64.13330.2017. [lepeBsiHHBIE KOH-
CTPYKLUUHU. AKTyaJIM3UpOBaHHAsl PelaKIMs
CHulI 1I-25-80. IHUNCK um. B.A. Kyue-
penko — uHctutyr OAO «HULL «Crpou-
TenbCcTBOY». — M., 2011. — 87 c.
Typkxosckuii C.b., Casnun B.B. lccre-
JIOBaHME MOHTA)KHBIX Y3JIOBBIX COEIMHEHUN
KJICEHBIX JIEPEBSAHHBIX KOHCTPYKIUi. // He-
cylMe JepeBsiHHble KOHCTpykuuu: COop-
HUK Hay4HbIX TpynoB. — M.: THUNCK unm.
Kyuepenko, 1981, c. 92-105.

Typkoscknii C.b., Jlomakun A.Jl. Iloro-
peabueB A.A. 3aBUCHUMOCTb COCTOSIHUS
KJICEHBIX JIEPEBSHHBIX KOHCTPYKIHUH OT
BJIQKHOCTH OKpY’Karolero Bo3ayxa. //
[IpoMbllIIeHHOE M TPaXkJIaHCKOE CTPOU-
TenbCTBO. Tpyasl wuHcTUTyTa. — M.:
[MHUNCK um. B.A. Kyuepenko, 2012, Ne3,
c. 30-32.

Typkosckuii C.b., IloropeasueB A.A.
Coznianue J1epeBsHHBIX KOHCTPYKLMH CH-
crembl [HTHMHMCK Ha oOCHOBe HaKJIOHHO
BKJICCHHBIX cTeprkHei. // [IpombliienHoe u
IrPaXXIaHCKOE CTPOMTENbCTBO. Tpyabl HH-
ctutyra. — M.: IHUNCK nm. B.A. Kyue-
penko, 2007, Ne3, c. 6-8.

Typkosckuii C.b., IloropeasbueB A.A.
[IpeoOpaxenckas W.I1. Kieensle nepessin-
HbIE KOHCTPYKIMH C Y3JIJaMU Ha BKJICCHHbBIX
CTEPKHSAX B COBPEMEHHOM CTPOUTEILCTBE
(cucrema [ITHUUCK). — M.: PUD «Ctpoii-
Matepuains», 2013. — 308 c.

KameBaposa I'. I'., Boasuuukos M.A.
YucneHHoe U HKCIEPUMEHTAIbHOE MOJIE-
JUPOBAHUE KECTKOTO CTBIKA CIIOMCTBHIX JIe-
PEeBSIHHBIX KOHCTpyKuuii // International
Journal for Computational Civil and

Volume 16, Issue 2, 2020

15.

16.

17.

18.

19.

21.

22.

23.

24.

Structural Engineering, 2017, Volume 13,
Issue 2, pp. 84-92.

Vodiannikov M., Kashevarova G. Analy-
sis of Wood Structure Connections Using
Cylindrical Steel and Carbon Fiber Dowel
Pins // IOP Conference Series: Materials
Science and Engineering, 2017, Volume
205.

Gugutsidze G., Draskovic F. Reinforce-
ment of Timber Beams With Carbon Fiber
Reinforced Plastics. // Slovak Journal of
Civil Engineering, 2010, No. 2, pp. 1-6.
Mba1ThI03 D., Postmare P. KommosuTtHeie
Marepuasibl. MeXaHuKa U TEXHOJIOTHs. — M:
Texnocdepa, 2004. — 408 c.

Kanayn, A.b., Mopo3os E.M., Oadepne-
Ba M.A. ANSYS B pykax HHXKEHepa.
[IpakTueckoe pykoBoacTBo. — M.: JIubOpo-
koM, 2015. — 272 c.

CrankeBuu U. B., SIxkoBaeB M. E., Cu Ty
XTer. Maremaruyeckoe MOJICIUPOBAHHE
KOHTaKTHOTO B3aUMOJIEHCTBUS YIPYroIuia-
cruueckux cpen. — M.: HII «Heukony,
2012.

. MamkoB FO.K. Tpubodusuka metamioB u

noyimMepoB: MoHorpadus. — Omck: M3zna-
TeabcTtBo OMI'TY, 2013. - 240 c.

Ilonmos B.JI. MexaHnka KOHTakTHOTO B3a-
umoelcTBusa u ¢usuka Tpenus. OT HaHO-
TpUOOJIOTHH 710 AUHAMUKH 3€MJIETPSICEHUN.
—M.: ©USMATIIAUT, 2013. - 352 c.
Hoaropubiii A.H., I'ontaposckmii IL.IL. un
Ap. 3aJaui KOHTAKTHOTO B3aMMOJECUCTBUS
AJeMEHTOB KOHCTpyKIui. — Kues: HaykoBa
Jymka, 1989. —232 c.

Iepeneaxun K. E. Xumuueckue BoJIOKHA:
pa3BUTHE IMPOU3BOJCTBA, METOJbI IOJIyYe-
HUsl, CBOMCTBA, nepcnekTuBbl — CI16.: 13-
nmanue CIII'YT, 2008. — 354 c.
Vodiannikov M., Kashevarova G. Com-
posite Solutions for Glulam Joints. // Key
Engineering Materials, 2019, Volume 801.

Mikhail A. Vodiannikov, Engineer of the department for
survey and monitoring of building structures of JSC “VNII
Galurgii”’; Graduate Student, Department of Building Con-
structions and Computational Mechanics, Perm National

111



Mikhail A. Vodiannikov, Galina G. Kashevarova, Danil 1. Starobogatov

Research Polytechnic University; 29, Komsomolsky pro-
spect, Perm, 614990, Russian Federation;
email: vodyannikov@mail.ru.

Galina G. Kashevarova, Corresponding Member of
Russian Academy of Architecture and Construction
Sciences (RAACS), Professor, Dr.Sc., Head of depart-
ment “Building constructions and computational mechan-
ics”, Perm National Research Polytechnic University;
Russia, 614010, Perm, ul. Kuibyshev, 109;

phone +7 (342) 219-83-61;

E-mail: ggkash@mail.ru.

Danil I. Starobogatov, Part-time professor at Durham Col-
lege, Ontario, Canada; 1610 Champlain Avenue Whitby,
ON, Canada LIN 6A7;

E-mail: dstarobogatov@gmail.com.

BonsaankoB Muxamn AJeKceeBHY, acIHPaHT Kadeapsl
«CTtpouTesbHble KOHCTPYKIIMU M BBIYMCIIMTENIbHAS MeXa-
HUKa» [lepMCKOro HaIMOHAIBHOTO HCCIEI0BATEIBCKOTO
MOJUTEXHUYECKOTO yHUBepcuteTa; VHxkeHep otaena o6-
CIIEZIOBAaHUSI M MOHHTOPHHIA CTPOUTENBHBIX KOHCTPYK-
it AO «BHUU Tamyprun»; 614990, Poccus, r. Ilepmb,
KoMcomonbckuit mpocnexT, 1. 29;

ten./ake: +7 (342) 2-198-361;

E-mail: vodyannikov(@mail.ru.

Kamesaposa ['amuna ['eHHAIBCBHA, YIICH-KOPPECIIOHACHT
Poccuiickoif akaeMUu apXUTCKTYphl U CTPOUTEIHHBIX
Hayk (PAACH), mokTop TeXHUYECKUX HayK, mpodeccop,
3aBenyronas kadenpoit «CTpouTenbHbIe KOHCTPYKIIUH H
BBIYUCITUTENbHAS MEXaHNKa» [IepMCKOTo HAIlMOHAIEHOTO
HCCIIETOBATEIBCKOTO MOJUTEXHUYESCKOTO YHUBEPCUTETA;
614010, Poccus, t. [Tepms, yiu. Kyiosimesa, 109;

ten. +7(342) 219-83-61; e-mail: ggkash@mail.ru.

Crapo6oratoB [lanun U., mpodeccop Durham College,
Ontario, Canada; 1610 Champlain Avenue Whitby, ON,
Canada LIN 6A7; e-mail: dstarobogatov@gmail.com.

112 International Journal for Computational Civil and Structural Engineering



