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Abstract: The article describes architectural solutions of pergolas adapted for the reproduction of synthesized
acoustic space. The solution is represented by means of computer modelling and visualizes both processes and ob-
jects on the example of construction and calculations. The project design of architectural models is an integral part
in the practical reconstruction of the geospatial space studied by the architectural geography.

Keywords: architectural geonics, computer modelling, specific space, acoustic architectural environment,
textiles-concrete, reinforcement, composite binder

APXUTEKTYPHOE MOJIEJITUPOBAHUE «3BYKOBOI» INEPTOJIbI

B.C. Jlecosuk, U.JI. Ilepwmuna, /1.1O. Ilonos, A.B. Illeguenko

Benropoackuii rocyrapcTBEHHBIN TeXHOJIOrHYeckuit yauepceuteT uM. B.I". llyxosa, 1. bearopon, POCCUA

AHHOTanus: B craThe ommcaHbl apXUTEKTYpHBIC PELICHHS MEProjibl, MPUCHOCOONEHHON Ui BOCIPOM3BOICTBA
CEHTE3UPOBAHHOIO aKyCTHUYECKOTO MPOCTPaHCTBA. PelleHne mpeicTaBiIeHO CPEACTBAMU KOMIBIOTEPHOIO MOJEINH-
POBaHUS M BU3yaTU3UpPYeT KaK MPOIECCh, TaK M 0OBEKTHI Ha MpUMepe MOCTPOCHHS B pacdeToB. [IpoekTHas paspa-
00TKa apXMUTEKTYpPHBIX MOJIENICH SIBIISCTCS HEOTHEMJIEMON 4YAacThlO B MPAKTHYECKOM BOCCO3IAHUM HCCIIEIYEeMOTO
APXUTEKTYPHOI I'€OHHKOH reocnennpuieckoro NpocTpaHCTBa.

KiaroueBbie ciioBa: APXUTCKTYpHAas r€OHMKAa, KOMIIbIOTECPHOC MOACINPOBAHUE, CHCIII/I(i)I/I‘{CCKOG MIPOCTPAHCTBO,
AKyCTHYCCKasd apXUTCKTypHas Ccpeja, TCKCTI/IJ'IB-6€TOH, ApMHUPOBAHUE, KOMITO3UITMOHHOC BSXKYIICC

1. INTRODUCTION.
ABOUT THE PROCESS CONTENT OF
THE COMPOSITION

Denoting the problem of creating an architectural
environment that exerts a therapeutic interven-
tion on the physical and psychoemotional state of
a person, a solution appears to be a fundamental-
ly new way of solving an actual scientific prob-
lem. The originality of the formulated approach-
es allows us to talk about a new paradigm in ar-
chitecture — architectural geonics [1-3], which
formulates the systematic study of the influence
of geofactors on humans and has in its deposit
tools for creating specificity of space [4-5].

Modern trends of transdisciplinarity in the theo-
ry and practice of architectural geology [6], ex-
pressed in separate concepts, methods and ap-
proaches, are '"supported" by the Ilatest
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knowledge and indicate the development of the
vector of geodirectional architecture. Their local
manifestations reflect a comprehensive ap-
proach to creating a positive architectural and
spatial living environment. This confirms the
need for the development of architectural geol-
ogy in the framework of theoretical and project
experience in the formation of geo-approaches,
as well as the development of principles and
models of geosynthetically specific space.

The results presented in this paper are an archi-
tectural part of the implementation of the exper-
iment on the practical implementation of the
idea of creating an acoustic environment as a
form of representation of an architectural space,
according to A.G. Rappaport formulation, —
one of the types of “perceptual real space, re-
flected by human perception” [7].
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As a model of an architectural specific space,
two sketches are implemented, developing ideas
for the conceptual shaping of structures for var-
ious purposes. The specificity of space in all
cases is monosyllabic: one geosynthetized tool
of architectural geography using the possibilities
of air flows was applied.

The aim is to erect a "sound" surface for practi-
cal modelling of a specific medium by means of
architectural geography within the framework of
scientific research.

At the preparatory stage of the practical solution
of this problem, the search and systematization
of architectural analogs were carried out; on the
basis of this stage, the development of concep-
tual design proposals for sound architectural
structures that form the geospecific nature of
space through the application of methods of
computer modelling of structures and objects.
The possibilities of modern software tools for
analyzing and designing the concepts of sound
spaces were limited to the ArchiCad, 3-Ds Max,
SketchUp programs and the Lumion 3D anima-
tion visualization program. As an opportunity to
implement it is proposed to use the products of
scientific developments of post-graduate stu-
dents and scientists of BSTU named after V.G.
Shukhov. They initiated the research of a non-
traditional material for Russian construction —
textile-concrete. Textile-concrete is a composite
material, consisting, like ordinary reinforced
concrete, of concrete and reinforcement, but in-
stead of steel reinforcement, alkali-resistant
glass fibers or carbon fibers are used.
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2. ARCHITECTURE MODELS

The conceptual proposal is a geological model
of the "sound" pergola (Figure 1). The proposed
small form is located in Belgorod, on the territo-
ry of BSTU named after V.G. Shukhov. The
pergola is a lattice black and shade canopy on
three visually massive supports (Figure 2 and
Figure 3). According to the calculations below,
the geometric dimensions of the pergola in the
plan are 41.00 x 33.00 m (Figure 4). The shape
in the plan is triangular, with radially rounded
ends. The lattice structure has a height of 200-
600 mm with a cell size of 300 x 300 mm. The
conditional plane of the pergola canopy has a
complicated concave surface of different heights
(within 600 mm).

The expediency of such geometric data is due to
the possibility of arbitrary placement of pipes /
tubes to create sounds of various required fre-
quencies. The optimal outer diameter of the
pipes is 300 mm. In this case, it is possible to
place pipes of any larger diameter multiple of
300 mm by cutting a cross-shaped segment of a
pergola structure for a diameter of 600 mm or
cutting a 900 x 900 mm grating segment to
mount a 900 mm diameter pipe.

The concept of sound pergola technology is to
form the whole structure with the help of tex-
tiles-concrete, described in the section "Applied
Materials" of this article.

The estimated height in the span is 4,00 — 5,00
m. The maximum height of the structure is 5,00
— 6,60 m. The sound pipes are metal.

Figure 1. Three-dimensional model of pergola from height of human scale.
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Figure 3. Orthogonal projection of the fagade.

Figure 4. Top view.

International Journal for Computational Civil and Structural Engineering



Architectural Modelling of “Sound” Pergola

The initial stage of pergola design involves the
search for alternative solutions for support. Ac-
ceptable variants in the form of abstract forms
are given in Table 1. The shape of each model
dictates its own, spatial compatibility of sup-
ports, acceptable only for this variant. The op-
timality of the constructive solution is con-
firmed by numerical calculations.

Simulation of the lower part of the support (Ta-
ble 2) assumes design and pragmatism in opera-
tion, for example, a reduction in the number of
potential places of accumulation of debris and
the availability of seats for people.

Theoretical propositions of some design solu-
tions for the creation of sound spaces based on
the analysis of the use of the experience of ex-
traction of sounds in wind instruments, set forth
in the report and in a published article [8] in the
section “Architectural Geonics” of the Interna-
tional Online Congress “Fundamentals of
Building Materials Science” (BSTU named af-
ter V.G. Shukhov, 2017), allow us to compile
the theme of a sound specific environment
through the analogy of sound extraction from
musical instruments, such as wind and string.
The use of methods for creating musical tones
on such instruments will make it possible to
repeat the features of sound formation in geo-
logical installations, thereby creating the possi-
bility of studying the emotional responses of a
person caused by the sound specificity of an
architectural space. And this can be considered
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Figure 5.Perspective view of the pergola with the placement of sound tubes.

a modelling of the form of a specific medium
by means of architectural geonics.

The analysis of the medical factors of the sound
effect on the endogenous rhythms of the organ-
ism [9-10] confirms the influence of a specific
architectural environment on the creation of a
psychological climate [11], the generation of
positive emotions, creative mood, and mental
activity. And gives a scientific justification of
the therapeutic properties of the ecological-
physiological method of impact by an acoustic
method by quantitative and qualitative assess-
ment of the factors of their optimizing effect.

3. MATERIALS EMPLOYED

To create a new architectural environment,
conceptually new efficient building materials
are needed, which allow creating complex fili-
gree forms that ensure ease of operation and
safety during operation. Attractive from this
point of view is a textile-reinforced composite
material — textiles-concrete [12, 13]. At pre-
sent, the composite is widely used in a number
of European countries and has established itself
as a universal high-quality material [14-16]. To
create a “sound” pergola, it is proposed to use
textile-concrete of increased efficiency, the
composition of which is specially selected tak-
ing into account the peculiarities of the local
raw materials used, the method of preparation
and optimization of the processes of structure
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Table 1. Modelling of the abstract form of pergola support.

Model

option Orthogonal projection of the model

Axonometric representation of the model

. 4

4 B
»

formation due to application of composite bind-
er properties [17, 18]. The characteristics of the
materials used are presented in Table 3. The use
of composite binders allows to obtain a new
generation of material with high physical-
mechanical and operational characteristics that
are unattainable with the use of traditional raw
materials and will ensure a qualitative structure
formation of the material.

The composite binder is prepared by the joint
grinding of cement and waste of wet magnetic
separation (WMSW) to a specific surface of 550
m?/kg and optimized by the optimum amount of
superplasticizer.
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Optimization of the processes of structure for-
mation of composite binders is due to the suc-
cessive growth of neoplasms during the harden-
ing of the system “clinker minerals — quartz of
different origins of WMSW —  water-
superplasticizer waste”, due to the different in-
tensity and time of interaction of polygenetic
quartz with the products of hydration of clinker
minerals.

Selection of the rational composition of the fill-
er mixture is carried out by the method of calcu-
lation of high-density packages [19]. The char-
acteristic of the proposed composition of fine-
grained concrete is presented in Table 4.
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Table 2. Simulation of the lower part of the pergola.

Model | Orthogonal projection of the lower part Axonometric view of the bottom part
option of the model of the model
1
2
3
Table 3. Characteristics of the materials used.
Denomination Deposit Dispersability True spli;l/frilfsgrawty,
"Klinovec" quarry,
Sand Senevskoe deposit, 0,16-0,63 mm 2630
Korochansky district
Cement ZAO "Belgorodsky 330 m¥/kg 3100
Cement
Wet Magnetic Separation Lebedinsky GOK, )
Waste (WMSW) Gubkin 85 mkg 2800
"Klinovec" quarry,
Crushed sand Senevskoe deposit, 200 m*/kg 2630
Korochansky district
Glenium-51 Liquid 1,13-1,15 kg/dm’

4. NUMERICAL IMPLEMENTATION
OF THE CONSTRUCTION

As a design scheme, we take a spatial core sys-
tem with a span of 22 m. The cell step is 300 X
300 mm. The physical nonlinearity of the mate-
rials is first taken as an exponential dependence.

Volume 14, Issue 3, 2018

Concrete is heavy, fine-grained, class B20 (Ep =
27500 MPa, Ry, ser = 15 MPa). AR-glass (120
g/m?, 2D, Bewehrung Typ 11, Er= 72,000 MPa,
Rf n= 1450 MPa, Ar= 7.07 mm?) was used as
the reinforcing material. The bending moment
in the section (for the III snow region) M = 0.83
kNm.
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Table 4. Characteristics of the cement matrix of textile-concrete.

Denomination Condition Unit Value
Fresh mortar stiffness kg/m’ 2400
Elapsed time at +20 °C min ~ 60
Spread in accordance with DIN 5 min cm >17
EN 1015-3 30 min cm > 14
Compressive strength 24 h MPa > 15
in accordance with GOST 10180, | 7 full days MPa > 40
prisms 4 X 4 X 16 cm 28 full days >80
Bending strength in accordance 24 h MPa >3
with GOST 10180, 7 full days >6
prisms 4 x 4 x 16 cm 28 full days >8
Modulus of elasticity 28 full days MPa >25000
a b
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Figure 6. For example of crack resistance
calculation: a — the design scheme
of the section;, b — diagram of relative
deformations,; ¢ — stress diagram.
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Figure 7. For example of strength calculating:
a — the design scheme of the section,

b — stress diagram.
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Figure 8. Concrete deformation diagram for strength calculation.
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Figure 9. The diagram of the deformation of concrete for the calculation of the second group
of limit states.

The results of calculating the strength and frac-
ture toughness are given in Tables 5 and 6.

The minimum cross-section of the structure was
previously taken at 100 x 200 (h) mm. In the
calculation, we consider the work of only the
fly-through part of the pergola. The calculation
is carried out according to the procedure [20] on
the basis of the nonlinear deformation model of
concrete (Figures 6-9), and also taking the pro-
portional dependence of the deformation of the
reinforcing material.

The limiting moment, perceived by the cross
section, is My = 1,41 - 10°* Nmm = 1,41 kNm.
The relative error in the calculations was 7%.
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The crack resistance moment M = 1.08 - 10°
Nmm = 1.08 kNm (calculated with a relative
error of 2%). The limiting load, perceived by
the cross section Mce = 1.08 kNm> M = 0.83
kNm. Tables 5 and 6 show the results of calcu-
lating the strength and crack resistance of the
normal section: strength and crack resistance are
provided.

Based on the results of calculating the structural
strength of one element of a triangular shaped
canopy of “sonic” pergola, the following textile-
concrete construction is proposed to provide the
required strength (Table 7).
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Table 5. Results of calculating the strength of a normal section.

Co | Co
Sec- ordi | ordi
. Plott
tion e nat | nat . Eb.i, Obi, Es,i, ofi, 1/p, | evu | Z0, i Gi-Ai"
num | 289 | e e " | MIla | MIla | MIla | MITa | MM | ¢ | Mm | M| Z
mm
ber Zy, | Zs,
MM MM
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 275 9.62 0.00 | 5808.1 -11.500 -3163 | 30439
5 198
2 275 6.87 0.00 | 14929.8 -8.510 -2340 | 16089
5 057
3 275 4.12 0.00 | 18264.7 -6.210 -1708 | 7044
5 034
4 275 1.37 0.00 23000 -2.530 -696 957
5 011
0.00
5 1100 5.5 046 0 0.000 0 0
0.00
6 1100 16.5 137 0 0.000 0 0
0.00
7 1100 | 27.5 208 0 0.000 0 0
0.00
8 1200 | 39.5 328 0 0.000 0 0
0.00 8.30E- | 0.00
9 1200 | 51.5 8 0 0.000 05 198 11.0 0 0
0.00
10 1200 | 63.5 597 0 0.000 0 0
0.00
11 1200 | 75.5 627 0 0.000 0 0
0.00
12 1200 | 87.5 727 0 0.000 0 0
0.00
13 1200 | 99.5 826 0 0.000 0 0
111. 0.00
14 1200 5 926 0 0.000 0 0
123. 0.01
15 1200 5 026 0 0.000 0 0
135. 0.01
16 1200 5 125 0 0.000 0 0
147. 0.01
17 1200 5 205 0 0.000 0 0
159. 0.01
18 1200 5 325 0 0.000 0 0
171. 0.01
19 1200 5 4 0 0.000 0 0
183. 0.01
20 1200 5 524 0 0.000 0 0
185. | 0.01 72000.0 13583
21 7.07 5 438 00 1035.71 7323 24
B 14128
2= -584 53
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Table 6. Results of calculation of fracture toughness of normal section.

Co | Co
Sect Plot ordi | ord .
. - . b
ion | oo nat | ina . Ev;, Gbi, Exi. ofi, 1/p, Z0, s s
j 1| tul iAi i-AiZi
num | 8% e | te | ¥ |MIla| MMa | MIa | MIa | mw! | " | pw | OFAT | OFATZ
mm t
ber Zv, | Zt,
MM | MM
1 1000 | -90.5 0.0000 | 26217 | -1.573 1573 | 142357
6
2 1000 | -80.5 0.0000 | 26217 | -1.573 1573 | 126627
6
3 1000 | -70.5 0.0000 | 26480 | -1.324 1324 | 93342
5
4 1000 | -60.5 0.0000 | 26775 | -1.071 1071 | 64796
4
5 1000 | -50.5 0.0000 | 27067 | -0.812 812 | 41006
3
6 1000 | -40.5 0.0000 | 27067 | -0.812 812 32886
3
7 1000 | -305 0.0000 | 27350 | -0.547 -547 16684
2
8 1000 | -205 0.0000 | 27500 | -0.276 276 5658
1
; 6,898 | &0
9 1000 | -105 0.0000 | 27500 | -0.276 | 00 276 2898
I 07
10 100 | -05 0 - 0.000 0 0
11 1900 | 95 0'0?00 26900 | 0.269 511 4855
12 1000 | 19.5 o.o?oo 26900 | 0.269 269 5246
13 1000 | 29.5 0'0300 26000 | 0.520 520 15340
14 1000 | 39.5 0'0200 24867 | 0.746 746 20467
15 1000 | 49.5 0'0;)00 24867 | 0.746 746 36927
16 1000 | 59.5 0'0200 23575 | 0943 943 56109
17 1000 | 69.5 0'0200 22080 | 1.104 1104 | 76728
18 1000 | 79.5 0'0200 22080 | 1.104 1104 | 87768
19 1000 | 89.5 o.ogoo 20383 | 1223 1223 | 109459
20 1000 | 99.5 0'0;)00 18486 | 1294 1204 | 128753
. 07 101. | 0.0000 7200000 | 504 I, 2617
5 7 0
$= | 232 | 1080523

The minimum cross-section of the structure
was previously taken at 100 x 200 (h) mm. In
the calculation, we consider the work of only

Volume 14, Issue 3, 2018

the fly-through part of the pergola. The calcula-
tion is carried out according to the procedure
[20] on the basis of the nonlinear deformation
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model of concrete (Figures 6 - 9), and also tak-
ing the proportional dependence of the defor-
mation of the reinforcing material.

The limiting moment, perceived by the cross
section, is Mur = 1,41 - 10®* Nmm = 1,41 kNm.
The relative error in the calculations was 7%.
The crack resistance moment Mcrc = 1.08 - 10°
Nmm = 1.08 kNm (calculated with a relative
error of 2%). The limiting load, perceived by
the cross section Mcc = 1.08 kNm> M = 0.83

kNm. Tables 5 and 6 show the results of calcu-
lating the strength and crack resistance of the
normal section: strength and crack resistance
are provided.

Based on the results of calculating the structural
strength of one element of a triangular shaped
canopy of "sonic" pergola, the following tex-
tile-concrete construction is proposed to pro-
vide the required strength (Table 7).

Table 7. Textile-concrete construction.

Denomination Parameter Number of layers | Thickness of layer,
mm
Fine grained concrete Table 2 7 40
_ 2
Textile matrix AR-glass, 120 g/n?, 6 1

2D

CONCLUSIONS

The proposed composition of high-performance
textile-concrete and its construction can provide
the necessary strength of the entire canopy of
"sound" pergola and safety of operation. Com-
posite materials with a set of different proper-
ties have become the main building materials of
the 21st century, which allows to expand the
possibilities of modern architecture and open
new boundaries of excellence. In this connec-
tion, the use of textiles-concrete in modern ar-
chitecture as the main material for creating
complex spatial forms is seen as particularly
interesting.

The presented architectural concepts are the
result of the first stage of the systemic study of
the influence of one of the geofactors on a hu-
man within the framework of an architectural
geonics, assuming the transdisciplinarity of the
study. This stage formulates the problem of the
need for mathematical calculations of geomet-
ric characteristics of the main sound translators
— tubes. The formulation of this problem is re-
duced to the definition of the following:

o the length of the tube;

e diameter of the internal cavity;

o the size of the end of the tube;

e selection of pipe material with different
sound reflectance;

o the effect of the wall thickness of the tube in
the case of using the methods of creating
wind musical instruments to extract sound
harmonic oscillations in conditions of spon-
taneity of wind force and direction.

At the decision of this task the sound back-
ground will be controlled and therefore — di-
rected. Calculations of “correcting” natural
spontaneity will help create an alternative that
mimics the sound frequencies of music, in the
range of which a positive effect on a person oc-
curs.
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