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Abstract. It is hard to imagine architecture and construction without large-span shells of various applications and taking
into consideration the requests of architects, the new achievements in numeral modeling of the surfaces and introduction of
new groups of tailored surfaces, the appearance of new forms and types of thin-walled shell structures of this kind is inevitable.
The bionic method of solving these tasks pushes the boundaries of these opportunities. The subject being studied is the stress
strain state of new uncanonical shell “YASUNI”, designed of monolithic reinforced concrete with the use of modern finite ele-
ment analysis settlement system. The form of the shell is built on the basis of images of the Ecuadorian flora. The form of
the shell imitates a leaf of a flower laying on the lay of the land. The triangle finite-element mesh is created with a harmonic
fusion of lily and daisy in a single structure. The shell is designed as a solid-cast one, made of different classes of reinforced
concrete (B25, B30, B35) with thickness from & =5 cm to § = 10 cm with a step 1 cm without contouring beams. The structure
is subjected to self-weight. The article introduces the first results of the research of stress strain state of the shell “YASUNI".
The authors continue the research of the work this shell with different geometrical parameters, the boundary conditions with
the addition of contour elements. Due to the computing complex SCAD OFFICE, precision of which is enough to perform cal-
culations it is possible to reach the most advantageous technical-and-economic indexes of the researched uncanonical shell.

Keywords: shell of uncanonical form, bionic architecture, finite element method, triangle finite-element mesh, stress-
strain state, monolithic reinforced concrete structure, computer system SCAD Office

Introduction Description and calculation of shell

The form of the shell imitates a leaf of a flower
laying on the lay of the land. The triangular finite-
element mesh is created with a harmonic fusion of

It is hard to imagine architecture and construction
without large-span shells of various applications [1]
and taking into consideration the requests of archi-

tects, the new achievements in numeral modeling of
the surfaces and introduction of new groups of tai-
lored surfaces [2]. The appearance of new forms and
types of thin-walled shell structures of this kind is
inevitable. The bionic method of solving these tasks
extends the limits of these opportunities [3]. Young
architect Jose Pesantez from Catholic University of
Cuenca has created two types of new forms of unca-
nonical bionic shell “YASUNI": a wooden rod struc-
ture covered with a tent and a cast-in-place concrete
shell. This pavilion structure is planned to be erected
in the city park of Cuenca (Ecuador).
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lily and daisy in a single structure (Fig. 1) [4].

Only stress-strain state of the cast-in-place con-
crete shell is investigated in this article.

Stress-strain state of the shell depends on the boun-
dary conditions, with or without contour elements,
the type of the external load — static, wind or seismic.
The of finite elements analysis [5], implemented
with the computer software SCAD [6], which allows
to find out the regularity of the work of the building
and take into consideration all the features of the
structural concept, is used to define the reaction of
the construction to the load and to estimate the most
distinctive geometrical parameters of this shell.
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The overall view of the calculation model with
the approximation of the middle surface by complex of
flat triangle elements is shown in the figs. 2 and 3 [7].

AR T

Figure 1. “YASUNI” shell

Geometrical overall dimensions of the scheme
in the plan are 17.3x5 m, shell depth is 2.3 m, four-
point support with rigid fixing.

The size of the side of finite triangle elements is
from 0.1 m to 0.4 m. The number of the triangle el-
ements is 3438, joints 1813. The shell is designed as

a solid-cast one, made of different classes of rein-
forced concrete (B25, B30, B35) with thickness be-
tween 6 = 5 cm and & = 10 cm with a step 1 cm
without contouring beams. The structure is estimated
to withstand only its self-weight. Some of the results
of analysis for a shell with thickness of 6 = 5 cm,
class of concrete B25 are listed in the figs. 4-7.

Figure 2. Design model. View A

Figure 3. Design model. View B
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Figure 4. Vertical displacements (cm)
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Figure 5. Normal stress Nx (KN/m?)
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Figure 6. Bending moment 3. (kNm/m)
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Figure 7. Bending moment A, (kNm/m)

The displacement of the console part of the shell
is 5 mm. The maximum displacement between the sup-
ports is 13 mm. The isofields of bending moment M
shows that the shell works in the beam scheme in this
direction. The rate of the maximum bending moment
M, in the span between the supports is 2.1 kNm/m.
In the console part, the rate of bending moment M,
ranges from —0.24 kNm/m to 0.54 kNm/m.

Maximum vertical displacements due to the shell
self-weight are presented in the table 1. The general
pattern of distribution of isofields displacements for
various thickness is analogous.

Table 1

Thick Max vertical Max vertical Max vertical
ness o displacement | displacement | displacement
(cm) (cm), class of | (cm), class of | (cm), class of
concrete B25 | concrete B30 | concrete B35

10 —0,42 -0,39 -0,37

9 -0,51 -0,47 —0,44

8 -0,62 -0,57 -0,53

7 -0,77 -0,71 -0,67

6 -0,99 -0,91 -0,86

5 —-1,32 —-1,22 -1,15

The value of normal stresses N, N,, shear forces
Ox, Oy, bending moments M,, M, in the shell of
the same thickness are similar for the different clas-
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ses of concrete. When the thickness of the shell made
of specific class of concrete is increased, the normal
stresses N, and N, decrease, the values shear forces
Ox, O, and bending moments M., M, increase.

Conclusion

The article presents the first results of stress-
strain state investigation of the “YASUNI” shell.
The authors continue research on this shell with dif-
ferent geometrical parameters, the boundary condi-
tions with the addition of contour elements. The com-
puter software SCAD allows to reach the most advan-
tageous technical-and-economic indexes of the inves-
tigated shell of complexed geometry.

© Olga O. Alyoshina, David Cajamarca Zuniga, 2018
ere
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HAVYHASA CTATbA

HccienoBanue HanpsKeHHO-1e(pOPMUPOBAHHOIO COCTOSHUS
000104k «YASUND> MeTogaMu OMOHUYECKON AaPXUTEKTYPHhI
HA OCHOBE YHCJIEHHOI'0 MOJEJHPOBAHUA
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* ABTOp, OTBETCTBEHHBIH 32 HEPENUCKY

(nocmynuna 6 pedaxyuro: 04 mas 2018 r.; npunsma x nybruxayuu: 26 urons 2018 r.)

APpXUTEKTYpy ¥ CTPOUTEIIHCTBO CIIOXKHO MPEICTABUTH 0€3 OOJBIICIPOJIETHRIX 000JI0YEK Pa3IMIHOTO HA3HAYCHUS U, YIUTHIBAS
3aMpOoChl APXUTEKTOPOB, HOBBIC JOCTIKEHHUSI B YMCIICHHOM MOJEIMPOBAHUH TIOBEPXHOCTEH, BBEICHNE B O0OPAILICHHE HOBBIX IPYIII
HOBerHOCTeﬁ, 06naﬂa10umx OonpeaACICHHbIMA 3alaHHbIMN CBOﬁCTBaMH, IIOABJICHHUE HOBBIX (bOpM U BUJOB TOHKOCTCHHBIX KOH-
CTPYKIMI TaKOro THIAa HEM30EKHO. bHOHMYECKHIT TOX0/] K PEIIEHNIO 3THX 33/1a4 PaCLIMpseT IPaHULbI JAHHBIX BO3MO>KHOCTEH.
B crartpe mcciemyercs: HanpsbKeHHO-Ie(hOPMHUPOBAHHOE COCTOSIHIE HOBOW HeKaHOHMYECKoi obonoukn «Y ASUNID», mpoekTtupye-
MOM M3 MOHOJIUTHOTO JKEII€300€TOHAa C IPUMEHEHHEM COBPEMEHHON PAcueTHON CHCTEMbI KOHEUHO-3JIEMEHTHOTO aHAIN3a KOH-
crpykuuid. Popma 000JI0UKH COCTaBJICHA HA OCHOBE 00pa30B Mpe/cTaBuTeNei MecTHOH (iiopbl DkBamopa. Dopma 000TOYKH HMH-
THpYeT JIMCT LIBETKa, JISKAIIero Ha pebede MecTHOCTH. TpeyrosbHas KOHEUHO-3JIEMEHTHas! CETKa CO3/1aHa ITyTeM FapMOHHYHOTO
0o0BeMHEHNST (POPMBI JTUCTHEB JIFIIMHA U MAPTAPUTKA B SAMHYIO KOHCTPYKIMEO. O00I0YKa IPOSKTHPYETCS] MOHOJIMTHON M3 Pa3ITid-
HBIX KJIaccoB skerne3o0erona (B25, B30, B35) romumuoii oT 6 =5 cm 10 & = 10 cM ¢ marom 1 cMm 6e3 KoHTypHBIX 6anok. KoHeTpyk-
LIS PACCUMTHIBAETCS HA BOCTIPHSITHE PAaBHOMEPHO-PACIIPEIEIEHHOr0 coOCTBEHHOTro Beca. IIpuBoIsiTCs IepBble pe3yJibTaThl nccie-
JIOBaHUsI HaIPsDKEHHO-Ie(hOpMUPOBaHHOTO cocTostHUsT 000s0ukr «Y ASUNI». ABTOpBHI IIPOAOIDKAIOT M3yYeHHE paboThI TaHHOM
000JI0YKHN MPH PA3IIIHBIX TCOMETPHIECKHX MTapamMeTpax, IPaHIYHBIX YCIOBUSX C 100aBICHIEM KOHTYPHBIX 3JeMEHTOB. briarogapst
BeramcimrensHoMy KoMmimiekcy SCAD OFFICE, obmamaromeMy JOCTaTOYHON TOYHOCTHIO JUISI BBITOIHEHHS PacyeToOB, MOXKHO J0-
OUTHCS HAMOOJIeE BHITOIHBIX TEXHUKO-DKOHOMUUYECKHX MTOKA3aTeNIe paccMaTpHBAEMO HEKAHOHUYECKOH 000JIOUKH.

KuiioueBblie ca0Ba: 060104Ka HEKAHOHHYECKOH (HOPMBI, OMOHHYECKas] apXUTEKTypa, METOI KOHCYHOTO JIICMCHTA,
TpPEyroyibHasi KOHEYHO-JIEMEHTHAsI CETKa, HAPSDKEHHO-1e(hOPMHUPOBAHHOE COCTOSIHIE, MOHOJINTHAS JKeJIe300€TOHHAS KOH-
cTpyKLUus, BerauciuTeabHbi komiuieke SCAD Office
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