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Abstract. Since the middle of the twentieth century, a new architectural solution has been
spherical shells broken down into elements by geodesic lines — circles with radii equal to the radius
of the sphere. A geodesic dome is a dome made of a spherical polyhedron with an optimally
distributed arrangement of vertices and edges tending to a perfect sphere. Using the technical
capabilities of computer design, digital models of the layout and calculation of geodesic domes
became available. It is possible not only to calculate multi-mesh network layouts with high
accuracy, but also to automate the design. At the same time, it cannot be said that the optimal
system has already been obtained and studied. The issues of optimal shaping, taking into account a
simple universal connector and confirmation of theoretical results by field tests, remain not fully
studied. Development of the design of a mesh wooden house in the form of a geo dome with
optimal parameters of the geodetic network and nodal connections of the frame elements using a
universal connector is the theme of this publication. The proposed form of division is a fullerene
polyhedron describing a sphere and consisting of five and hexagonal faces. The dome polyhedron is
built on the basis of the icosahedron. The number of partitions of vertices and edges that make up
the split edge — the frequency, is chosen equal to 3. The first class of partitioning by the "equal
chords™ method is adopted. The proposed universal connector for connecting parts of building
structures at any angle and a method of mounting building structures using a universal connector.
As a result of introduction of new technical decisions we receive essential simplification of a
design, reduction of quantity of its components, at the same time increase of its manufacturability
and providing an opportunity to connect details of building designs in an end face at any angle.

Keywords: wooden geodesic dome, spherical house, universal connector, nail connections.

Introduction. A hundred years ago, domes were assembled from elements designed by
meridional-ring division of spherical surfaces. A significant disadvantage of using such a laying is
the large number of types of constituent elements. Since the middle of the twentieth century, a new
architectural solution has been spherical shells laying out into elements by geodesic lines — circles
with radii equal to the radius of the sphere. This made it possible to construct staggered networks
with significantly fewer types and sizes of building elements. A geodesic dome is a dome made of a
spherical polyhedron with an optimally distributed arrangement of vertices and edges tending to a
perfect sphere. It is usually built on the basis of an icosahedron (20 triangular faces) or a
dodecahedron (12 pentagonal faces).

The principle of constructing a domed frame was first patented by Richard Fuller. Fuller's
biosphere design is interesting because in this way it is possible to achieve a large volume of
internal space with a low weight of the building. The system of interconnected rods has a high
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bearing capacity regardless of the strength
characteristics of the material. The higher the
height of the dome, the more elements are used,
formed by triangles and polygons. The increase
in the number of geometric shapes in the dome
increases the bearing capacity of the structure.
‘ One of the main advantages of a spherical
house is its shape (Fig. 1). These buildings have
the best ratio of external wall area to internal
space. Due to the smaller area, the efficiency of
energy consumption for heating and air
Fig. 1. Geodome conditioning of the room increases. The spherical
house has excellent stability. This shape has a high
bearing capacity. The weight is distributed perfectly evenly, which allows it to withstand heavy loads
and economize on ground work. Remarkable aerodynamic properties — the "streamlined" shape of the
geo-dome increases resistance to even the most powerful air currents. The sphere has excellent
physical properties — air circulation inside occurs in such a way that there is practically no heat loss.
The stability of the spherical frame to shocks and tremors allows us to recommend this type of
construction for the most earthquake-prone areas. You can change the number of entrances to the
building, as well as windows, and this in no way affects its strength. The design is modular, does not
require heavy construction equipment for installation; during construction, much less building
materials and time are used than when erecting an ordinary rectangular building. Spherical houses are
economical, while they do not lose quality. Residential building in the form of a geo-dome made of
wood is environmentally friendly, which has a positive effect on the health of its owners.

This constructive form also has disadvantages that prevent its widespread use. In mesh domes,
the load-bearing elements of the frame adjoin each other at different angles, but a universal reliable
design solution for the assembly has not yet been found. The varieties of joints that exist today can be
conditionally divided into several main groups according to the nature of the work: for chipping/
bearing (cogging, loose tongues, notch gauges); bending (dowel pins, lag screws, bolts, wood screws,
staples, screws, nails); shearing (adhesive joints and joints on adhesive washers); straining (steel
clamps, bolts, straps, staples, pads). However, they all have disadvantages and do not fully meet
modern requirements.

The development of the structure of a mesh wooden dome with optimal parameters of the
geodetic grid and nodal connections of the frame elements using a universal connector is the topic of
this publication.

Analysis of the latest achievements and publications. The fundamentals for the design and
construction of geodesic domes were developed by the American inventor R.B. Fuller [1]. The first
dome with a diameter of 18 m was built by him in 1952 in the state of Masachusetts. Fuller developed
complex nodes for connecting elements that allow changing the angle of their inclination in two
planes. A large number of domes were set, mostly made of metal. The basic theoretical and practical
work on the staking of domes into elements and the installation of structures should include the studies
of M.S. Tupolev [2]. He built his first dome of triangular wooden panels in 1949. A truncated
icosahedron was taken as a basis, consisting of twelve regular pentagons and twenty regular hexagons.
Embrace of this design reappeared in the second decade of the twenty-first century. Using the technical
capabilities of computer design, Pavlov G.M., Lakhov A.Y., Antoshkin V.D. [3-5] proposed digital
models for staking and calculating geodesic domes. It became possible not only to calculate multi-
mesh network layouts with high accuracy, but also to automate the design. Using the offered software
products in the ArchiCAD system, together with specially designed library elements, various
partitioning systems can be obtained. At the same time, it cannot be said that the optimal system has
already been obtained and studied. The issues of optimal shaping, taking into account a simple
universal connector and confirmation of theoretical results by full level tests, remain not fully studied.
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To connect the elements working in compression, frontal notches or frontal stops are used, the
ends of the elements are cut out at certain angles. On the stops, pads are additionally installed,
connected with bolts or nails, to ensure stable operation of the connection. When connecting stretched
elements, at joints, when connecting elements at an angle, it becomes necessary to use mechanical
bonds. The development and implementation of new types of joints for wooden structures mainly
follows the path of using various dowels. Noteworthy are the hardened steel threaded nails used in the
USA and Germany, which determine their high bearing capacity when working in shear and pull-out.
Reinforcement of the pin connection with additional elements reduces the likelihood of wood chipping
and bearing [6]. Interesting results of testing the dowel joints of large-span wooden structures
reinforced with steel plates inserted into pre-cut grooves are presented in the work [7]. When using nail
connections, as well as when using pins inserted into pre-drilled holes, all connections are
simultaneously put into use. The pliability of the bonds in elements with such joints is due to the
bearing of the wood in the gainers, as well as the bending deformations of the pins themselves. From
the existing nomenclature of nodal joints, the modern requirements for increased strength and low
deformability are met by joints on adhesives, dowels and dowel plates, ring dowels and washers, as
well as glued-in steel pins. However, all these types of connections cannot be called universal and do
not fully meet all the requirements for modern industrial wooden supporting structures. In addition to
strength and rigidity, important factors when choosing one or another type of joints on a wooden frame
are manufacturability, movability and cost-effectiveness.

The purpose of the study is to develop a new design of a prefabricated mesh dome made of
glued wood with a universal connector, to carry out experimental and theoretical studies of the
operation of the dome, to determine its bearing capacity under the influence of a static load, to offer
recommendations for calculation and design.

It is necessary to select the optimal layout of the dome surface from a large number of
options. At the same time, it is necessary to take into account the functional purpose of the structure
— a residential building, as well as the mandatory requirements for ensuring strength, rigidity,
spatial stability, in conjunction with the possibility of implementing a modern architectural and
planning solution, economic efficiency, energy saving and ventilation.

First, let us determine the frequency of splitting the face of the original polyhedron of the dome
when approximating to the sphere, then the fraction of the sphere forming the dome. Considering that a
dome with connectors connections is being designed, it should be remembered that an increase in the
frequency of splitting increases the rigidity of the structure, but also increases the number of vertices —
nodes, that is, connectors and, as a consequence, leads to an increasing cost of the structure. In
addition, the number of items is increasing, and, accordingly, the number of complex cuts of the dome
elements at different angles. The second task is to select a material, based on its physical and
mechanical properties. We will analyze the elements made of glued wood, which are composed of
OSB panels and wooden beams, and high-strength expensive LVL beams glued from veneer using an
innovative technology, which allows obtaining a material superior in its properties to solid wood. At
the same time, we will determine the possibility of joint work of each type of wood with a steel
universal connector. A preliminary analysis of the existing types of fittings showed that the best results
are given by keyed and dowel joints. The challenge is to offer a design that combines their merits
without increasing the cost and complexity of manufacturing and assembly.

Research methodology. When calculating structures, they usually operate with idealized design
schemes, in which the connections of structural elements are accepted either absolutely rigid or hinged.
Joints in wood structures are resilient. The real characteristics of the deformability of nodes in the
calculation of spatially regular structures were studied in works [9, 10]. The numerical values of the
stiffness coefficients in each specific case are set individually and will depend on the design of the
node and the type of applied joints. In the general case, they will range from an ideal hinge to an
absolutely rigid connection, and taking them into account is very important for statically indeterminate
systems, such as domes. To determine the stiffness of ties, one should use the characteristics of the
deformability of joints of wooden structures, which can be found empirically or taken from the DBN
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standards. It is most expedient to apply the finite element method in the form of a displacement
method, which allows the determination of forces and is available for engineering calculations. It is
convenient to represent the design scheme of a structure with ties restrained by elastic members as a
rod model with rigid nodes, to which the rods adjoin through elastic hinges.

The first stage of the experimental study will be to study the degree of deformability of the
full-scale fragments of the dome. Then the work of the frame laminated wood dome on its model.
The main task is to study the stress-strain state of the prototype under load. For which there will be
recorded vertical displacements and deformations of compliance in the nodes. Simultaneously, the
determination of the edge deformations in the rods, which are used to determine the stresses.
Experimental data will be compared with the results of theoretical determination of forces and
deformations.

Research results. The dome polyhedron is built on the basis of the icosahedron. The number of
partitions of vertices and edges that make up the split edge — frequency, is chosen equal to 3 (Fig. 2).
The first class of partitioning by the method of "equal chords™ is adopted — we divide the large triangle
of the icosahedron into small triangles by dividing each side of the large triplet into three parts, then

connect the points on the edges to each other and obtain a flat grid of 9
a triangular, which we then project onto the sphere. The calculation of

/. <9 the dome is performed according to a given radius R. The length of
' a \ /W three types of identical edges for a dome with a frequency of 3V is
e \Z"} equal to: A=0,34863R, B=0,40355R, C=0,41241R, the shape of the
N A/ partition is a fullerene polyhedron describing a sphere and consisting
Yy \ grd of five and hexagonal faces. The base area S=nR? the surface area

= S=4nR?, the surface area of the sphere depends on its height H:
Fig. 2. Frequency 3V S=27RH.

The results of calculating the geometric parameters obtained by
the dome calculator are as follows. For a geodesic dome 7/12 part of a sphere, with a diameter of 12
meters from elements with a cross section of 300x50 mm: height from the base — 8,32 m, base area
109,66 m?, types of faces 3-56 pieces, types of edges — 4-185 pieces, types of tops — 2-130 pieces.
The total length of the ribs is 265 m, the volume of the ribs is 3,9 m®, the maximum rib length is
1554 mm, the angle of sawing of adjacent edges is 156,1-159,92°. The designation of the edges,
faces and vertices is shown on the diagram of the dome frame, on the plan there is the projection of
the dome vertices onto the plane passing through the base of the dome (Fig. 3).

Fig. 3. Geodome frame
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The proposed universal connector [8] for connecting parts of building structures at any angle
(Fig.4, Fig. 5), includes swivel fasteners 1 and a connecting fastener 2, which are installed in the
connected parts 3, fastener 4 is a tightening bolt, and nut 5, which is part of the connecting fastener
2, and is designed to tighten the fastener 4. Each of the swivel fasteners 1 consists of a swivel part
6, which has a hole 7 and is rigidly connected to the end of the rod with a threaded end 8 with the
location of the central longitudinal axis hole 7 perpendicular to the central longitudinal axis of the
rod with a threaded end 8. A rod with a threaded end 8 made with the possibility of making a
threaded connection through a hole 9 in the side surface of a ring 10 with a nut 11 for fixing a rod
with a threaded end, while the central longitudinal axis of the swivel part 6 is perpendicular to the
central longitudinal axis of the rod with a threaded end 8, and the central longitudinal the axis of the
hole 9 in the side surface of the ring 10 is perpendicular to the central longitudinal axis of the
central hole 12 of the ring 10. The holes 7 of the swivel parts 6 are made with the possibility of free
rotation of each of the swivel fastening elements 1 around the rod of the fastening element 4 when it
is placed in the indicated holes 7. The nut 5 for tightening the tightening fastening element 4 is part
of the structure of the connecting fastening element 2 and is rigidly connected to its sides with the
end of the rod with the threaded end 13 with the location of the central longitudinal axis of the hole
in the nut 5 for tightening the fastening element 4 perpendicular to the central longitudinal axis of
the rod with the threaded end 13. The length of the rod of the fastening element 4 ensures the
location of the rotary fasteners 1 on it and the possibility of making a threaded connection with the
nut 5 for tightening the fastening element 4. A flat washer 18 is installed under the head of the
fastening element 4.

@;} - 6 /

5 5 5% 7 \I5

Fig. 4. Universal connector Fig. 5. Connecting three elements

The proposed method for mounting building structures using a universal connector is
performed as follows. To mount a building structure by connecting two or more parts (Fig. 6) use
one or more universal connectors. First, the parts to be joined 3 are prepared for installation: the
ends of the parts to be joined 3 are milled at a certain angle. Then, at the ends of the parts to be
connected, the recesses 19 are milled for the location of the tightening fastener 4 in them when the
ends of the parts to be connected are aligned and the groove 20 for the location of the nut 5 and the
swivel parts 6 in it when the ends of the parts are aligned, and holes 21 are drilled along the
conductor for the location of the dowel 22 when aligning the ends of the parts. At the ends of the
connected parts 3, holes 23 are drilled to place rods with threaded ends 8 and a rod with a threaded
end 13. On the lateral sides of the parts 3 to be connected, holes 24 are made to locate the rings 10
of the swivel fasteners 1 and the ring 15 of the connecting fastener 2. After that, installation of a
building structure is performed (Fig. 7).
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Fig. 6. Mounting assembly scheme Fig. 7. Mounted fragment of the dome

Conclusions and prospects for further research:

1. A new design of a mesh built-up glued wood dome with a universal connector is proposed.

2. A universal connector has been developed for connecting parts of building structures at an
arbitrary angle, which leads to the appearance of qualitatively new technical properties:

—a significant simplification of the design, a decrease in the number of its components
simultaneously with an increase in manufacturability and a decrease in metal consumption;

— providing the ability to connect parts of building structures at the ends at an arbitrary angle;

— the ability to create building structures with any geometric parameters: rectangular, in the
form of a "honeycomb”, complex symmetrical and asymmetrical shapes, and others.

3. A method for assembling building structures using a universal connector is proposed.

4. In further research it is planned to:

4.1. Conduct a study of the stress-strain state of a mesh glued wood dome with a universal
connector:

— determine the method of numerical experiment and build a computer model of the dome;

— calculate the bearing elements of the dome for the action of static loads, taking into account
the elastic-plastic work of the nodal joints.

4.2. Carry out experimental studies of a mesh glued wood dome:

— to determine the physical and mechanical properties of the materials of the dome elements;

—to develop an experimental methodology with the design and implementation of an
installation for testing full-scale fragments and a dome model;

— to test the operation of full-scale fragments and the dome model under static load.

4.3. Based on the research carried out, to design and build a cottage-type residential building
in the form of a geo-dome made of glued wood with a universal connector.
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AHoTauisg. HoBUM apXiTeKTypHUM DIllIEHHSIM 3 CEpPEANHU IBAIATOTO CTOMITTS CTaIH ChEepHUHi
O0OJIOHKHM 3 pPO3OMBKOIO Ha E€JIEMEHTH I€0JIC3UYHMMH JIHIIMH — KOJAMM 3 pajilycaMH, PIBHUMHU
pamiycy cdepu. ['eonesmunuil Kymosn — 1me Kymoid i3 cpepuyHoro OaraTorpaHHMKAa 3 ONTHMAIBHO
PO3IOJIICHUM pO3TAlllyBaHHSIM BEepUIMH 1 TpaHel, sKI MNparHyTb JA0 11ealnbHOi  cdepu.
BukoprcToByIOUM TEXHIYHI MOXKJIMBOCTI KOMIT IOTEPHOTO IPOEKTYBaHHS, CTald JOCTYIHUMHU
uQpoBi MoJeTl PO30MBKM 1 PO3PAXyHKY I€OAE€3UYHUX KyIOJiB. MOMIUBO HE TUIBKH 3 BHCOKOIO
TOYHICTIO pPO3paxOByBaTH OaraTOKOMIpPKOBI MEpPEXHI pO30MBKH, aje ¥ aBTOMAaTU3yBaTH
NPOEKTYBaHHS. Y TOH jke€ Yac He MO)KHa CKa3aTH, L0 ONTHMalbHAa CHCTEMa BXX€ OTpHUMaHa 1
nociipkeHa. He MOBHICTIO BUBYEHHMH 3QTHIIAIOTHCS MUTAHHS ONMTUMAJIBHOTO (POPMOYTBOPEHHS 3
ypaxyBaHHSM IIPOCTOIO YHIBEPCAJIbHOIO KOHEKTOpa 1 MiATBEPPKEHHS TEOPETHMYHUX Ppe3yiIbTaTiB
HaTYpHUMH BUIIPOOYBaHHSIMHU. Po3poOka KOHCTPYKIIIi CITYACTOTO JEpeB’SIHOrO OYIWHKY Yy BUIJISL
reOKyIoJa 3 ONTUMAJIbHUMH NTapaMeTpaMy T'€0JIe3UYHOI CITKU 1 BY3JIOBUMH 3’€THAHHSMU €JIEMEHTIB
KapKaca 3a JIOTIOMOIOI0 YHIBEpCAJIbHOIO KOHEKTOpa TeMma Ii€i ImyOuikarii. 3anpornoHoBaHa (gopma
pO30MBKM — OaraTorpaHHMK (QynepeH, MO0 ONMucye cdepy 1 CKIANAEThCS 3 M'ATH 1 IECTUKYTHUX
rpaHeil. baratorpanHuk Kymnosa Oy1yeThCsl Ha OCHOBI ikocaesipa. KulbKicTh po30UTTS BEpIIMH 1 pedep,
IO CKJIQJAIOTh po30uTe pedpo — uacrora, oOpana piBHOo 3. [lpuitHATO mepmmii Kiac po3ouTTs
METOZOM «PIBHUX XOpA». 3ampOINOHOBAaHWI yHIBepcalbHUM 3'€HYyBau Ui 3'€THAHHS JeTajel
OyIiBeTbHUX KOHCTPYKIIN MiJ] JOBUIbHUM KYTOM 1 CHOCIO MOHTaXy OyaAiBelIbHUX KOHCTPYKIIH 3a
JIOTIOMOT'0I0  YHIBEPCAJIBLHOTO 3’€HYBada. B pe3ynbTari BNPOBAKEHHS HOBHUX TEXHIYHUX DILIEHb
OTPUMYEMO CYTTEBE CIIPOIIEHHS KOHCTPYKI[i, 3MEHIIEHHS KUIBKOCTI CKJIQJIOBUX OJJHOYACHO 3
MIBUIICHHAM ii TEXHOJOTIYHOCTI Ta 3a0€3MEeYeHHs MOXKIMBOCTI 3'€THYBAaTH JETajli OymiBEbHUX
KOHCTPYKLIHM y TOPII MiJ] JOBUIbHIM KyTOM.

Kurouosi cioBa: nepeB’ssHuil reone3nuHuil Kymnoi, chepruuHuil OyIUMHOK, yHiBepcaabHUI
KOHEKTOp, HareibHe 3’ €THaHHA.
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AHHoTanusi. HOBBIM apXWUTEKTYpPHBIM pELIEHUEM C CEpEeIUHBbl JBAILATOrO BEKa CTalu
cepuueckre 000JI04YKH C Pa30MBKOI Ha JIEMEHTHI I'€01€3UYECKUMHU JINHUSAMH — OKPYXHOCTSIMHU C
panuycamu, paBHBIMH pamuycy cdepbl. ['eome3ndyeckuii Kymoix — 3TO Kymoll u3 c(hepHyecKoro
MHOIOTpaHHMKa C ONTHUMAJbHO PpAaCHpPElIEICHHBIM pAacCHOJIOKEHUEM BEpIIMH U TIpaHew,
CTpeMsiuxcs K uaeanbHOi cdepe. Mcmonb3ys TeXHHYECKHE BO3MOMXXHOCTH KOMIBIOTEPHOTO
IIPOCKTUPOBAHMSI, CTAIM JIOCTYIHBIMHU IM(POBBIE MOAENM DPa3OMBKM M pacyéra TIeoAe3ndecKux
KyrnosoB. BO3MOXXKHO HE TOJBKO C BBICOKOH TOYHOCTBIO PACCUUTBHIBATH MHOIOSIYEHCTBIE CETEBbIE
pa3OMBKM, HO M aBTOMATH3MPOBaTh IMPOEKTHpOBaHME. B TO ’xe BpeMs Henb3sd CKa3aTb, 4YTO
ONTUMaJIbHAs CUCTEMa YK€ IOJy4YeHa M HcciiefoBaHa. He MOIHOCThIO M3Y4YEHHBIMU OCTAarOTCS
BOIPOCH! ONTHMAIBHOIO (hOpMOOOPa30BaHUS C YYETOM IPOCTOr0 YHUBEPCATBHOIO KOHHEKTOpA U
MOJITBEPKICHHUSI TEOPETUUECKUX PE3yJbTaTOB HATYPHBIMU UCHBITAaHUSIMU. Pa3paboTka KOHCTPpYKUUU
CETYaTOro JIEPEBSHHOIO JOMa B BHUJIE I'€OKYIIOJIa C ONTUMAJIBHBIMU IIapaMETPAMU Ie0Ne3UUECKON
CETH U Y3JIOBBIMU COEJIMHEHUSMHU 3JIEMEHTOB KapKaca ¢ IOMOIIbI0 YHUBEPCAIbHOTO KOHHEKTOpA —
TemMa JaHHOM nyOnukauuu. Ilpeanmaraemas ¢opma pa3OMBKM — MHOTIOIpaHHUK (yIuiepeH,
OTMCHIBAIOUINI chepy U COCTOALIMI U3 MITH U IIECTUYTOJIbHBIX IrpaHel. MHOrorpaHHMK KymnoJja
CTPOUTCS Ha OCHOBe HKocadapa. KommdectBo pazbueHuit BepmiMH M pEOEp, COCTABISAIOMIMX
pa3butoe pebpo — dvactoTa, BeIOpaHa paBHOW 3. IlpWHSAT MepBBIA Kiacc pa3OUEHHUS METOJOM
«paBHBIX Xopa». [IpeanokeH yHUBEpcaabHBIH KOHEKTOP [UIsl COEMHEHUS AETAIEH CTPOUTEIbHBIX
KOHCTPYKUUH TOJ TNPOU3BOJIBHBIM YIJIOM M CIOCO0 MOHTaXa CTPOUTENBbHBIX KOHCTPYKIHUH ¢
IIOMOUIBI0 YHUBEPCAIBHOTO KOHHEKTOpa. B pe3ynbrare BHEAPEHUS HOBBIX TEXHUUYECKUX PEIICHUN
M0JIy4aeM CYLIECTBEHHOE YIPOILIEHHUE KOHCTPYKIIMM, YMEHBIICHHE KOJUYECTBAa COCTaBJISIOLINX,
OJTHOBPEMEHHO C MOBBIIIEHUEM €€ TEXHOJIOTMYHOCTH M OOECleYeHUs BO3MOXXHOCTH COEAMHATh
JI€TaIi CTPOUTENbHBIX KOHCTPYKIMI B TOPIIE MO/ IPOU3BOJILHBIM YTJIOM.

KiroueBble c10Ba: 1epeBSIHHBIN reo/1e3u4ecKuil Kymoi, chepruyeckuil 1oM, yHUBepCcalbHbIN
KOHHEKTOp, HarejabHble COCTUHEHUS.
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