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Abstract. A geodesic or net dome, also known as a Fuller’s dome, is a spherical structure.
Geodesic domes are well receptive to asymmetric loads, especially snow and wind, have high
aerodynamics, increased rigidity and stability. It should be noted that the larger the diameter of the
sphere, the greater its bearing capacity, and the strength of such dome slightly depends on the building
materials used. With significant advantages, the design and construction of wooden net domes has
not become widespread. The fact is that net domes are spatial structures with a large number of
elements, which accordingly entails a large number of nodes. The elements of the dome are connected
with dowels, wet film gauge, bolts, wood screws, staples, screws, nails. Adhesive connections on
washers are used, also steel clamps, straps, overlays are applied. However, they all have
disadvantages, the scope of each connector is different, and their cost is often comparable to the cost
of the dome elements. We offer a universal connector for connecting dome parts at any angle. As a
result of introduction of such technical decision of knot, we receive essential simplification of a
design, reduction of quantity of components, at the same time with increase of its manufacturability.
To study the operation of the joint of wooden glue-board elements of the dome with the use of a
universal connector, its experimental studies were carried out.

The purpose of the study: to study the actual operation of the connection of wooden parts of the
dome with a universal connector in the form of rotating fasteners that rotate freely on the draw bolt,
to assess its strength and deformability, to assess the possibility of using such a connection in the
design of spatial structures. To solve the tasks, a full-scale fragment of the dome was tested, which
includes characteristic nodes with rigid adjacency of elements to each other.

Keywords: wooden geodesic dome, universal connector, dome fragment test, dome node test
results.

Introduction. Recently, the world's production of wooden houses with new architectural and
design solutions and mobile buildings is growing rapidly. One of the effective directions in the
industrialization of construction is the use of wooden glued structures that can significantly increase
the durability of buildings, reduce the weight of buildings, reduce the harmful effects on the
environment. Dome structures, known since ancient times, are now entering a new stage of
development. They began to be more widely used as exhibition pavilions, warehouses, sports
facilities and, of course, as residential buildings. Steel and reinforced concrete are commonly used in
the construction of domes, but wood materials allow them to be built no less resilient. Glulam retains
all the advantages of conventional - significant strength and elasticity at low weight and free of natural
defects: cracks, damage caused by fungi, diseases, growths. Combining the advantages of a spatial
dome shape with the advantages of glued wood makes it possible to obtain an effective design of a
low-rise mobile home.
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Specific difficult in the design and manufacture of spatial structures are the joints of the rods,
which can be rigid or hinged. Preferably, the nodes are rigid, which provides the spatial operation of
the structure and reduces its deformability. The design of a rigid node is determined by the size and
number of connecting elements and the forces acting in them. Knots of wooden structures are made,
as a rule, with the presence of steel strips that connect the wooden rods with bolts or nails. Net domes
are three-dimensional structures with a large number of elements, which accordingly entails a large
number of nodes. The elements of the dome are connected with dowels, wet film gauge, bolts, wood
screws, staples, screws, nails. Adhesive connections on washers are used, also steel clamps, straps,
overlays are applied. Such units have limited load-bearing capacity and require a significant number
of parts, the cost of which is often comparable to the cost of the elements of the dome. We offer a
universal connector for connecting the details of the dome at any angle [10]. As a result of
introduction of such technical decision of knot, we receive essential simplification of a design,
reduction of quantity of components, at the same time with increase of its manufacturability. To study
the operation of the joint of wooden glue-board elements of the dome with the use of a universal
connector, its experimental studies were carried out. The purpose of the study: to study the actual
operation of the connection of wooden parts of the dome with a universal connector in the form of
rotating fasteners that rotate freely on the draw bolt, to assess its strength and deformability, to assess
the possibility of using such a connection in the design of spatial structures. To determine the degree
of rigidity of the node. To solve the tasks, a full-scale fragment of the dome was tested, which includes
characteristic nodes with rigid adjacency of elements to each other.

Analysis of recent achievements and publications. To connect the elements that work on
compression, skew notches or crutches are used, the ends of the elements are cut at certain angles.
Overlays connected by bolts or nails to ensure stable operation of the connection are additionally
installed on the crutches. When connecting the elements in the joints at an angle, there is a need to
use mechanical connections. Development and introduction of new types of connections of wooden
designs basically follows a way of application of various treenails. Noteworthy are the nails used in
the United States and Germany, with a cut of hardened steel, which causes their high load-bearing
capacity when working on shear and pull-out. Strengthening the treenail connection with additional
elements reduces the likelihood of chipping and crumpling of wood [1]. Interesting results of tests of
treenail joints of large-span wooden structures reinforced with steel plates inserted into pre-cut
grooves are presented in the work [2]. When using nail joints, as well as when using treenails inserted
into pre-drilled holes, there is a simultaneous inclusion in the work of all connections. The pliability
of the joints in the elements with such compounds is due to the crumpling of the wood in the nests,
as well as the bending deformations of the treenails themselves. The designs of rigid assemblies are
given in works [3, 4], but they have a low load-bearing capacity with a large number of connecting
elements. In works [5, 6] it is proposed to connect wooden structures on bolts that transmit forces
through inserted steel gasket that works together with wood, which contributes to the redistribution
of local stresses of crushing and chipping in an area comparable to the size of the gasket and helps to
increase the bearing capacity of the connection. It is interesting to study the connections with claw
gaskets [7], but they have a limited scope when there is access to the working surface from above or
below the element during its reinforcement. The results of systematic experimental studies of the
joints of glued wooden structures are published quite rarely and to a limited extent. Among such
works it is necessary to note article by Ishmaeva D.D. and Vdovina V.M. [8], which shows the method
of testing and construction of a rigid assembly of glued wooden elements. Known types of
connections can not be referred to the universal, especially when it is necessary to combine wooden
elements of the spatial structure at free angles. Therefore, the development of new types of
connections is an urgent and timely task.

The purpose of the work is to perform an experimental-computational study of the stress-
strain state of a fragment of a net dome made of glued wood with a universal connector, to determine
its bearing capacity under the influence of static load. Analyze the operation and degree of rigidity of
the dome assembly with a universal connector.
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Research methodology. Due to the complexity of the experiment on the full-scale construction
of the dome, it was decided to evaluate the tasks set by the experiment on a separate fragment of the
dome, which includes characteristic nodes with rigid connections of elements with each other. In
addition, the work of such nodes mainly determines the reliability of the entire dome, so the results
can be taken into account when developing recommendations for the design and calculation of the
dome. The test fragment is made of five unified glue-board elements of I-beam cross section. The
choice of shape and dimensions of the experimental sample is based on the dome net structure, the
cross-sections of the elements of which are obtained taking into account the requirements of the
technology of manufacturing nodes and thermal insulation of the dome shell conduit, which performs
both load-bearing and enclosing functions. I-beam elements of wooden bars 600 mm long, the sizes
of cross section are accepted: shelves made of wooden bars 50x60 mm, a wall made of a USB plate,
10 mm thick. Material for samples - glued pine wood of the II grade.

; :.ﬂﬁm. _‘- % . %
ig. 1. A fragment of the dome under load

The test rig is a steel frame mounted in the power floor. To ensure the stability of the
fragment, hinged, steel supports were made under the inclined elements of the dome, i.e. four supports
of the dome fragment, located along the perimeter, fixed from possible movements. Based on this, in
conditions close to real, there are only nodes with connectors. The concentrated load was created by
a hydraulic jack mounted on the axis of symmetry of the fragment. During the test, the deformations
of the nodes were measured using time-type indicators with a division price of 0.01 mm. Stresses in
the elements of the fragment were found by deformation using resistive strain gages. Tensor resistors
made of constantan wire on a film backing with a base of 30 mm were used to study the stress-strain
state. To record data, a resistive strain gage was used, which is designed to measure the output voltage
of resistive strain gages with the transfer of information to an external control computer. The layout
of strain gages with the place of application of the load is shown in Fig. 2.
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Fig.2. Scheme of installation of resistive strain gages and clock-type indicators

Before testing, the structure of the fragment was carefully inspected visually. Actual wood
defects were compared with those allowed by the norms. In addition, the quality of the node structure
was checked, the nuts were tightened, and the load was centrifuged. During the tests, the temperature
and humidity were regularly monitored. The ambient temperature was 14-15 °C, relative humidity
was in the range of 55-65%. The load of the dome fragment was carried out in steps with a step P=9
kN. The loading rate was assumed to be continuous and uniform with the fixation of the finite time.
The load time at each stage was equal to 1 minute, the holding time under load - 15 minutes.
Measurement of deformations was performed after loading and immediately before the new load
stage. During the tests, the condition of the investigated structure was continuously monitored in
order to fix possible damage.

Research results. The dome fragment was tested in full compliance with the above
procedure. During the tests, the vertical deformations of the nodes of the fragment increased in
proportion to the increase in load. The obtained test results showed that the proposed design of the
node with a universal connector meets the operating conditions of the rigid connection of the dome
elements. The fragment was loaded to 99 kN and no signs of failure were detected.
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The nature of the deformation of wooden elements showed mainly their elastic work. The

maximum deformation of the node is 3.29 mm. Fig. 3 shows a graph of deformations growth. The
operation of the connection is elastically plastic in nature with pronounced elastic deformations to a
load of 72 kN and the growth of plastic deformations in the last stages. As a result of the experiment,
the stress-strain state of the wooden elements of the fragment was established - they work on
compression, except for the area of the horizontal element near the applied load. The most
characteristic results were obtained from the resistive strain gage No. 1 (Fig. 4), located close to the
upper node with the connector. The calculation of the digital model of the fragment of the dome is
performed in the "Lira" software package.
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Conclusions and prospects for further research.

. A study of the stress-strain state of a fragment of a net dome made of glued wood with a

universal connector was conducted.

The test showed the possibility of using such a connection as a rigid node of the spatial
structure.

The proposed design of the node with a universal connector allows you to consider it as
sufficiently rigid, which ensures the interoperability of all connecting elements.

The elements in the node operate together, supporting each other.

The stress state close to the node is characterized by local transmission of force through plastic
washers, the strength of which is much less than the strength of the steel elements of the
connector.

n further research it is planned:

e To study the fragment of the net dome with steel washers of the universal connector.

e To study the fragments of the net dome with different sections and structural solutions of
wooden elements.

To study the fragment of the net dome with upgraded versions of the universal connector.
To study the model of a whole net dome for different types of loads.

Develop a computer model of a net dome.

Perform the calculation of the load-bearing elements of the dome under the action of static
loads, taking into account the elastic-plastic operation of the nodal joints.
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AHoTtanisi. ['eoge3nynuii abo CITYACTHI KyIOJI, TaKOX BIJOMHH, K Kymon Dymepa, €
cpepuvHOI0 KOHCTPYKIIi€t0. [ 'eoe3uyuHi Kymnonuu 1o0pe cnpuiiMaoTh HECUMETPUYHI HaBaHTaKEHHS,
0COOJIMBO CHITOBI 1 BITPOBI, MAalOTh BHCOKY aepOAMHAMIKY, IiJIBHIICHY YXOPCTKICTh 1 CTIHKICTb.
Bapro Bin3HaunTH, 1110 YMM OibIIe AiaMeTp cepu, TUM Oiibliie HOro Hecyda 3JaTHICTh, a MIIIHICTh
TaKOTO KYITOJIa Majio 3aJeKUTh Bl BUKOPUCTOBYBAHUX OyiBEIIBHUX MaTepiasiB. Maiouu cepio3Hi
nepeBaryu, MPOEKTYBaHHsS 1 OyAIBHULTBO JEPEB'SHUX CITUACTUX KYIOJIIB HEe HaOya0 IIMPOKOTO
po3mnoBcropkeHHs. CripaBa B TOMY, 11O CITYACTI KYTOJia SBISIOTH COOOI0 TPOCTOPOBI KOHCTPYKIIIT 3
BEJIMKOIO KUJIBKICTIO €JIEMEHTIB, IO BiJNOBIJHO TATHE 3a COOOI0 BENMKY KUIBKICTH BY3JiB. Mix
co00I0 eJIeMEHTH KYyIoJia 3'€IHYIOTh 3a JIOMOMOTOIO IIMOHOK, I'PeOIHOK, OOJNTIB, MIYPYIIiB, CKOO,
I'BHHTIB, IIBAXiB. BUKOPUCTOBYIOTbCS KJIEHOBI 3'€IHaHHS Ha IMIai0ax, TAKOX 3aCTOCOBYIOTh CTaJIeBl
XOMYTH, TsDKi, Hakmanku. OIHaK BCl BOHM MalTh HEIOIIKH, O00JACTh 3aCTOCYBAHHS Y KOXXHOI
CIIOJIY4HOI JIeTalli CBOfA, a IX BapTiCTh YacTO IMOpIBHSHHA 3 BapTICTIO €JIEMEHTIB Kymona. Hamwu
MIPOTIOHYETHCS YHIBEPCATBHUI KOHEKTOP IS 3'€HAHHS JeTaliel KyIoJia il JOBUIBHMUM KyToM. B
pe3yibTaTi BIPOBAKEHHS TAKOTO TEXHIYHOTO PILICHHS BY3Ja, OTPUMYEMO ICTOTHE CIIPOLICHHS
KOHCTPYKIIii, 3MEHIIIEHHS KIJTBKOCT1 CKJIAJIOBUX, OJTHOYACHO 3 IM1IBUIIECHHSM i1 TEXHOJIOTTYHOCTI. J1J1st
BUBYCHHS pPOOOTH CTHUKY JEpeB'SIHMX KJIEeJOUIaTUX eJEMEHTIB Kyloja 13 3acTOCYBaHHSIM
YHIBEpCaJTLHOTO KOHEKTOpA MPOBEEHI MOT0 eKCIIEPUMEHTAIBHI JOCTIKEHH. MeTa TOCTIPKeHHS:
BUBYHTHU AIHCHY poOOTY 3'€lHAHHS JepeB'sTHUX JAeTalieil Kynoja 3 yHiBepCalbHUM KOHHEKTOPOM Y
BUTJISIZII TIOBOPOTHUX KPIMHJIBHUX €JIEMEHTIB, 110 BUIBHO O0EPTAIOTHCSA HA CTSHKHOMY OOJITI, 1aTh
OLIIHKY HOro MIITHOCTI 1 1e()OpMaTHUBHOCTI, OLIHUTH MOJIMBICTh BUKOPHCTAHHS TaKOTO 3'€THAHHS
MPU MPOEKTYBaHHI BY3JIIB MPOCTOPOBUX KOHCTPYKININA. JIJIs BUpIIIEHHS TOCTABJICHUX 3aBlIaHb
MPOBEICHO BUMPOOYBaHHS HATYpPHOro ()parMeHTa KyIojia, HI0 BKJIIOYAE XapaKTEpHI BY3IU 3
KOPCTKUM MPUMUKAHHIM €JIEMEHTIB OJJUH /10 OJTHOTO.

KurouoBi ciioBa: nepeB'sHul reoe3NUHUN KYyT10J1, yHIBEepCATbHUI KOHEKTOP, BUITPOOYBaHHS
(dbparMeHTa Kymosna, pe3yJlbTaTd BUIPOOYBaHHS By3ja KyIoJa.
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