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Abstract. To study the stress-strain state of the mesh dome model with the diameter 4 m, the
series of glulam rods were prepared for the central compression test. The tests were carried out in
the laboratory of the Department of Metal, Wooden and Plastic Structures. The stresses at the
distinguished points of the elements were determined through the deformations using the resistance
strain sensors. The feature of prismatic samples was the presence of stress concentrators in the
support zones in the form of the holes for the location of universal connectors [3]. The significant
sizes of the model made it possible to minimize the influence of the scaling factor on the obtained
results. The general conclusion of the study should be considered high bearing capacity of the tested
samples. The destruction of the samples took place in the support zone due to the crushing of the
wood. The next tasks of the research will be the optimization of the elements sizes and testing of the
dome model. The cross-section of the elements, in addition to providing the load-bearing capacity,
is affected by the need to obtain certain thermotechnical characteristics of the enclosure, i.e. the
elements of the dome must have the dimensions that allow placing a layer of effective insulation in
their plane. A separate task is the selection of the roof, which can be considered exclusively as a
part of the permanent load on the supporting system, or as a continuous shell that unfastens the
frame.

Key words: the test of the rods of a mesh glulam dome, the test of wooden elements for
central compression.

Introduction. The assessment of the bearing capacity and reliability of the structure under the
load is possible only as a result of a comprehensive analysis of the deformation and strength
properties of its elements and the observations of their behavior up to the point of failure. The
important requirement for the tests is keeping the scheme of load applying and measuring the
deformations unchanged, which makes it possible to obtain the graph of their dependence on the
load increasing. The tests were preceded by the following works: planning the test program,
determining the limit load, designing and manufacturing the installation and equipment for testing,
the schemes and means of loading, drawing up the layout of the deformation measurement points,
placing the measuring equipment, preparing the test log. The most important element of the mesh
dome is the nodal connection of the elements. The structural solution of the connector requires the
execution of two holes in close proximity to the elements ends. This is the weakest point of the
structure — the stress concentrator. Therefore, the immediate task of the tests is to determine the
nature of the destruction and the stress-strain state of the support zones of the elements. And if it is
necessary to carry out the optimization of the design solution of the connector and the cross-section
of the element.

Analysis of publications on the methodology of testing wooden elements. The testing of
wooden structures and elements is carried out according to the generally known methodology for
building structures, considering the wood characteristics. The innovations refer to the use of either
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new devices or design features of the structure that needs to be investigated. The most complete
issue of testing is reflected in the research work by V. Klymenko and I. Belov “Testing of the
structures, inspection and monitoring of buildings and structures”, Kyiv, 2015 [4]. The principle test
positions are as follows. Testing is an experimental determination of parameter values and quality
indicators of the research object during its operation or under the influence of artificially performed
loads simulating real operating conditions. Compliance requirements of the first and second groups
of limit states apply to any design. Any test has an objective disadvantage, which is in differences
from the actual operation of the structure. This difference consists of the convention of the
calculation scheme, the calculation characteristics of the material, the additional external influences
that cannot be predicted and other factors of a specific situation. The researcher should create the
experimental conditions as close as possible to the real operating conditions in order to be able to
obtain reliable results for further conclusions regarding the reliability of behavior and the
optimization of design decisions. When calculating the forces, the stresses, and the deformations,
they proceed from probable values of the loads and the mechanical characteristics of materials
established experimentally.

Based on the classification, our work concerns the scientific research tests for the study of
new structural forms. According to the type, it is a test on models that reproduce the researched
object on a different scale to improve the calculation theory and to optimize the constructions of
nodes and cross-sections of the elements. After drawing up the work plan, it is necessary to design a
test bench with the provision of the appropriate calculation scheme and the general stability of the
compressed elements. Next, the degrees and means of loading are determined, similar to the
operational ones, which should provide the occurrence of the necessary stresses and deformations in
the structures. The devices are required to be simple, small in size, easy to read and accurate. When
modeling, special attention should be paid to the geometric similarity and the loads similarity of the
model and the original and the subjection of the model material to Hooke’s law. Modeling of
wooden structures from solid wood meets an additional requirement to take into account its natural
defects, which makes it impossible to manufacture the elements of small cross-sections. The
problem is partially solved by using glued wood. The transfer of the test results of the model to the
original, of any material, must be carried out considering the scale factor. Modeling of the structures
is a complex process that requires vigilance to the smallest detail in order to obtain reliable results.
Preliminary results of the stress-strain state were obtained during the tests of a segment of a mesh
dome [2]. After making the appropriate changes, it was decided to conduct a series of tests on the
dome rods. The first series is three samples for central compression.

The aim of the research is to determine the stressed-deformed state of the elements of a
mesh glulam dome under the static load effect.

Research methodology. The samples were made from glued timber strip of mesh dome
elements with the diameter 4 m and the cross-section 40x150 mm for the test. The material for the
samples is the 2nd grade glued pine wood. Three samples were produced. In accordance with the

research tasks, the program of the experimental tests of the experimental samples was developed
(Table 1).

Marking /
Marking sample size Number Test method Research aim
(mm)
1.C1 1 Compression is Ultimate bearing
[800x150x40] central capacity
2.C1 Compression is Ultimate bearing
SERIES 1 [800x150x40] ! central capacity
31.Cl1 1 Compression is Ultimate bearing
[800x150x40] central capacity
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Compression testing of the samples was carried out in the laboratory of the Department of
Metal, Wood and Plastic Structures of Odesa State Academy of Civil Engineering and Architecture.

P

The tests were performed on a test bench using the hydraulic jack with a maximum possible
load 20 tons. The test bench is a steel frame fixed in the power floor. The calculation scheme of the
rod was taken as freely supported. The amount of the load was controlled by the dynamometer
using the divisions of the built-in indicator. The strain sensors made of constantan wire on a film
base with the base 30 mm were used to study the stress-strain state. To write the data, the strain
sensor was used, designed to measure the output tension of tensor resistors with the information
transfer to the external control computer. The layout of tensor resistors is presented in Fig. 2.
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Fig. 1. Test bench for compression tes:ting of glued wood samples
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Fig. 2. Configuration plan of resistive strain sensors
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The load was carried out in the stages 3.4 t with the duration 10-15 minutes at each stage.
During the tests, the photographic evidence and visual observation were carried out. The moisture
content of the wood was determined using a hygrometer for each studied sample. Before the test, the
structure of the segment was carefully inspected visually. The actual wood defects were compared with
those allowed by the standards. During the tests, the continuous monitoring of the structure condition
was carried out in order to fix possible damages.

Research results. Based on the test results, the experimental dependency graphs of
compressive, tensile and shear stresses on the load at the maximum level of 17 t were drawn (Fig.
3). After analyzing the test results, the following features of the samples were established. The
destruction occurs, as predicted, in the weakest point of the rod — near the holes for the connector,
by crushing the wood. First, at the first stages of loading, the first small crack is formed, starting in
one of the holes. Then it expands, there are new ones and the sample collapses after the attempt to
increase the load by more than 17 tons. The compression and stretching deformations corresponded
to shear deformations. Up to the load 8 tons, the deformation nature of the samples and the results
of stress analysis according to strain sensor data corresponded to the elastic work. Further loading
led to stress increasing, getting the critical deformations up to the complete loss of bearing capacity.

Fig. 3. Sample after testing

To analyze the stress-strain state of the element, a spatial computer model was developed in
the “LIRA-SAPR” software complex. The stiffness characteristics of volumetric finite elements
were set taking into account the anisotropic wood properties in accordance with the requirements

[1].

Fig. 4. Calculation model of the element
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The element is modeled by the universal spatial eight-node isoparametric finite elements
(CE Ne 36). The load was applied to the end nodes of the element.

Fig. 5. The nature of compressive stress distribution
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Fig. 6. Comparative graph of stresses
Conclusions:
1. The destruction of the samples occurs as a result of the wood crushing under the influence of
the concentration of normal stresses near the holes for the nodal connector.
2. The nature of stress development in the area of the holes indicates that the determining force,
which led to the loss of bearing capacity, is the compressive force.
3. The destructive load significantly exceeded the calculated resistance of glued wood, which

makes it possible to optimize the cross-section of the dome rods, determined from the
requirements of manufacturing technology and thermal insulation.

4. For a comprehensive analysis of the behavour of the dome rods, it is necessary to test them
for off-center compression and as a part of a nodal connection.

-17 -



Cyuachi 6ydisenvhi KOHCmpyKyii 3 memany ma depesuru, 2023. — Bun. Ne 27 (cTop. 13-18)

Reference

[1] DBN V.2.6-161:2017 Dereviani konstruktsii. Konstruktsii budynkiv i sporud. — K:
Minrehion Ukrainy, 2017. — 117 s.

[2] Hilodo O. Y., Arsiriy A. M., Korshak O. M., Kovtun V. P. “Test of a net dome fragment”,
“Modern Structures of Metal and Wood”, vol. 25, pp. 21-26, 2021.

[3] Hylodo A. Tu., Arsyryi A. N., Kovtun V. P. “Effektyvnaia konstruktsyia dereviannoho
zhyloho doma v vyde heodezycheskoho kupola s unyversalnim konnektorom”, (Effective
structure of a wooden residential building in the form of a geodesic dome with a universal
connector) “Vestnyk OHASA”, vol. 82, pp. 19-26, 2021.

[4] Klimenko V. Z., Bielov I. D. Vyprobuvannia konstruktsii, obstezhennia ta monitorinh
budivel i sporud / V. Z. Klimenko. — K.: Kondor, 2018. — 572 s.

EKCIIEPUMEHTAJIBHI JOCJI/UKEHHSA EJIEMEHTIB CITYACTOI'O
KYIOJIA 3 KJIEEHOI JIEPEBUHUA

I'inmogo O.10., x.T.H., IOLICHT,

gil@soborka.net, ORCID: 0000-0001-5387-5538

Apcipiii A.M., K.T.H., IOLIEHT,

arsiriy@ukr.net, ORCID: 0000-0003-3262-1488

Coomina FO.A., x.T.H., IOLICHT,

syomina3091@ukr.net, ORCID: 0000-0002-6330-0137
Ouiiinuk I.C., ctynent [1LB-525

Ooecvka depoicasrna akademis 6YOiGHUYMBA MA APXIMEKMYpu

AnoTtauis. /g gocaipkeHHsT HanpyXeHo-1e(hOpMOBAaHOTO CTaHY MOJIEJI CITYACTOTO KyMoJia
niamerpoM 4 M Oyna MiATOTOBJIEHA CEpisl CTPHIKHIB 3 KJIEEHOI AEPEBHHM il BUMPOOYBAaHHS Ha
LEHTpaIbHUHN CTUCK. BunpoOyBaHHs BUKOHYBaJIM B Jtaboparopii kadeapu MeraneBux JAepeB'sTHUX
Ta IJIACTMACOBUX KOHCTPYKIiil. HanmpykeHHs B XapakTEepHUX TOYKAX €JIEMEHTIB BU3HAYAIU Yepes3
nedopmariii 3a JOMOMOTOI0 TEH30pe3ucTOopiB.  OCOONMBICTIO TPU3MATHYHUX 3pasKiB Oyra
HasBHICTH B IPUOTIOPHUX 30HAX KOHIIEHTPATOPIB HANPYXEHb Y BUTJISAI OTBOPIB AJISl pO3TAIlyBaHHS
yHIBepcadbHUX KOHEKTOpiB [3]. 3HayHi po3MipW MOl JO3BOJWIM MIHIMI3yBaTH BIUIMB
MacmTabHOro (pakTopy Ha OTpUMaHi pe3yabTaTd. 3arajJbHUM BHCHOBKOM JOCITIKEHHS CIIJ
BBO)XATH BHCOKY HECydy 3JaTHICTh 3pas3KiB, mo Oymu BumnpoOyBaHi. PyiiHyBaHHsS 3pa3KiB
NPOXOAMUJIO B TPHOMOPHINA 30HI BHACHIAOK 3MHMHAaHHS JepeBUHH. HacTymHuMM 3amadamu
JOCITIKEHb OYAyTh ONTHMI3aIlisl pO3MipiB €JIeMEHTIB 1 BUIIPpOOyBaHHS Mojeii Kymoia. Ha mepepis
€JIEMEHTIB KpiM 3a0e3leyeHHs Hecyuyoi 3[aTHOCTI, BIUIMBA€ HEOOXIIHICTH OTPUMAaHHS IMEBHUX
TETOJOTEXHIYHUX XapPaKTEPUCTUK OTOPOJKEHHS, TOOTO €IEMEHTH KYIojia MOBUHHI MaTH PO3MIpH,
10 JO3BOJIAIOTH PO3MICTUTH B IXHIM IUIOmMHI Imap edekTuBHOro yrermmoBada. OKpeMuUM
3aBIAHHSAM 3aJUIIAETHCS BHOIP IMOKPHUTTS, SIKE MOXKE PO3IJIIATHCh BUKIIOYHO, SIK YacTHHA
MOCTIHHOTO HABaHTAXXEHHS Ha Hecydy cHUCTeMy, abo SK CyIiibHa O0O0JIOHKA, L0 PO3KPIILIIOE
Kapkac.

KirouoBi cioBa: BUIIPOOYBaHHS CTPHIKHIB CITYAaCTOrO KyIOJa 3 KIEEHOI JCPEBUHH,
BUNIPOOYBAHHSA JAEPEB'SHUX €IEMEHTIB HA IEHTPAJIbHUN CTUCK.
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