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AHoTanisi. Y cTarTi PO3IISTHYTO MOKJIUBOCTI MEPEKPUTTS NMPSIMOKYTHUX B IIJIAHI BEJIMKONPOJIBOTHUX I0-
KPUTTIB 3 HECTAH/APTHUM CITiBBiJHOIIEHHSIM CTOPIH 3a /I0TIOMOroo cTpykTypHoi cuctemu MAPXI. Hage-
JIeHO OCHOBHI BiZIOMOCTi 3 THIi3allii OCHOBHIX KOHCTPYKTUBHUX eseMeHTiB cucteMu MAPXI mns ctep:kuiB
i By3JIOBUX BCTaBOK-KOHEKTOPiB. 3alPOIIOHOBAHO Mi/XO/N /10 PETyTI0OBaHHS OCHOBHHX TTapaMeTpiB Hampy-
skeHo-7techopmoBanoro crany (H/IC) mpoexToBanoi cucteMu, peasizallist SKUX /[03BOJISIE BUKOPHCTOBYBATH
JUTST TIePEKPUTTST HECTAaHAAPTHUX MPOJIBOTIB TUTIOBI KOHCTPYKTUBHI €JIeMEHTH JaHOi CHCTeMU. 3alpOMoHO-
BAHO aHAJITWUHI 3a/Ie)KHOCTI ISl IPU3HAUYEHHSI OCHOBHUX MapaMeTpiB (BifHOCHA BucOTa NOKPUTTS A/l
BiJTHOCHUT BUTHH MOKPUTTS f/]) i po3rystHyTi OCHOBHI 3akoHOMIpHOCTI 3Minu mapametpis H/IC mpoexToBa-
HOTO TIOKPUTTSI 3aJIe;KHO BiJl 3MiHM MapaMeTpiB MTPOeKTyBaHHS.

Kio4oBi cinoBa: BeMKONPOrOHOBI cTPyKTypHi mokputtsi, cuctema MAPXI, nanpyskeno-nehopmoBanmii
CTaH, TUMI3allis, yHiikaris.
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AnHoranus. B ctaTbe paccMOTpeHbI BO3MOKHOCTH TIEPEKPHITHSI TIPIMOYTOJMBHBIX B TIAHE GOJIBINENPOJIETHBIX
MOKPBITUH C HECTAHZAPTHBIM COOTHOIIEHUEM CTOPOH C MOMONIBIO cTPYKTypHO# cucteMbl MAPXU. Tlpusese-
HBbI OCHOBHBIE CBEJIEHUST TUTIM3AI[MI OCHOBHBIX KOHCTPYKTUBHBIX 37ieMeHTOB cucteMbl MAPXW st crepxk-
HEeHl M y3JI0BBIX BCTAaBOK-KOHHEKTOPOB. IIpesyioskeHsl TOAXO/BI Ui PETYINPOBAHUSI OCHOBHBIX MapaMeTpPOB
HanpsikeHHO-epopmupoBanHoro coctostaus (HC) mpoekTupyemoii cucteMbl, peaansaius KOTOPBIX TO-
3BOJISIET VMICIIOJIB30BATh [IJIsI TIEPEKPHITHS HECTAHAAPTHBIX MTPOJIETOB TUITOBbIE KOHCTPYKTUBHBIE 3JIEMEHTHI pac-
cMaTpuBaeMoil cucteMbl. [IpesioskeHbl aHAIMTHYECKIE 3aBUCUMOCTH JIJIsI HA3HAUYEHUsT OCHOBHBIX TTapaMeT-
PoB (OTHOCHTEbHAS BHICOTA MMOKPBITHSA //], OTHOCUTE/bHBII BBHITUO TIOKPBITHST f/]) 1 pacCMOTPEHBI OCHOBHBIE



Igor Romenskiy, Tamara Zagoruiko, Alexander Mushchanoo

3akoHOMepHOCcTH n3MeHeHHs napamerpoB H/[C mpoekTupyeMoro MOKPHITUS B 3aBUCUMOCTU OT M3MEHEHUS

KioueBbie cioBa: (GOJIbIIETIPOJIETHBIE CTPYKTYPHBIE TOKPbITH, cucteMa MAPXU, HanpsikeHHO-

THE MAIN APPROACHES TO THE APPOINTMENT OF SPATIAL AND
STIFFNESS CHARACTERISTICS OF THE MARCHI SYSTEM ROOFS
WHEN REGULATING THE PARAMETERS OF ITS STRESS-STRAIN
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Abstract. The article discusses the possibilities of covering rectangular large-span roofs with non-standard
side ratio with the help of the MARCHI structural system. The basic information about the typification of
the main structural members of the MARCHI for rods and joint-connectors are given. The approaches for
regulating the basic parameters of the stress-strain state (SSS) of the designed system are offered. Their
realization allows to use typical structural elements of the system to cover the non-standard spans. Analytical
dependences for appointment of basic parameters (relative height of roof 4/1, relative bump of roof f/1) are
suggested and the basic dependances of changing SSS parameters of the being designed roof depending on

Keywords: large-span structural root, system of MARCHI, stress-strain state, typification, unification.
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the design parameter change are considered.
Introduction

MARCHTI system is a completely new method of
design and construction, based on closed intercon-
nection of analysis, manufacture, transportation
and erection of structure elements and formation
of volumetric and spatial structural covering of
buildings and structures. This system corresponds
to qualitative analysis of functional, technologi-
cal, architectural, constructional, technical and
economic tasks.

Unlike earlier existing methods of construction
which are based on typification of large structural
members (column, beam, truss, etc.) or of the en-
tire building, the MARCHI system considers as
an object of typification a rod and a nodal mem-
ber, optimized according to their masses and bear-
ing capacities. They do not follow any exact ar-
chitectural and structural form, what ensures the
possibility of their accumulation at the warehouse
of a manufacturing plant with further assembling
to form any necessary structure [1, 4, 8, 15, 16].

Structural members possess a number of advan-
tages due to their large spatial stiffness. Structur-
al coverings can be used for covering significant
spans at different supporting contours or column
grids. Comparatively short building height used
at this allows to achieve impressive architectural
solution as well as economy in building volume and
enclosure walls. The regularity of configuration of
the structure allows assembling covering for dif-
ferent spans and of various shapes of the same stan-
dard elements, and multiply connections of the
system increase its reliability at sudden local fail-
ures [2, 11-13].

As for disadvantages of structural systems they
includeincreased labourinput at their manufacture
and assembly, what is a consequence of the depar-
ture from the principle of material concentration.
This drawback, to a certain degree, is compensated
by homogeneity of operations at manufacturing and
assembling and this creates conditions for line pro-
duction of standard structural members [2, 14].



The Main Approaches to the Appointment of Spatial and Stiffness Characteristics of the MARCHI... 7

Cross — cored space structures (frame) (CCSS)
of the MARCHI system possess good shape form-
ing possibilities. Being assembled of separate tu-
bular rods and connecting polyhedron members
by one — bolt joints, CCSS of the MARCHI sys-
tem are regular structures at the base of which
there are regular polyhedrons. Their most impor-
tant characteristics are densely filled space and
uniform length of a modular rod within the de-
signed structure (Fig. 1). These properties are in
particular characteristic of regular Platon bodies
such as tetrahedron and polyhedron and a num-
ber of Archimedean bodies — Archimedean poly-
hedrons, obtained by dividing ribs of Platon bod-
ies into equal number of segments [1].

The unified assortment of the MARCHI sys-
tem was created on the basis of optimization ac-
cording to the weight of the limited number of rod
and connecting block members, the choice of
which is based on three main aspects:

1. Determination of gradation of bearing capaci-
ties of rod and connecting block members of
the assortment, used for assembly of practical-
ly unlimited quantity of erection schemes of
spatial structures.

2. Determination of the rational number of di-
mention type of rod and connecting block
members in a large range of bearing capacity
from 1 to 1000 kN.

3. Standardization of the main geometric sizes of
rod and connecting block members and their
connections, as well as usage of structural ma-
terials of high strength, ensuring optimal econ-
omy of erection grade of the system [1].

The MARCHI system has rather a wide range of
application in construction. This system allows to
cover structures for any destination with spans to
100 m. They may be both elite large scale struc-
tures such as museums, exhibition halls, covered

Figure 1. Platonad Archimedian bodies: a) tethraedron;
b), ¢) polyhedron.

(roofed) stadiums for football team training and
warehouses, trade and special industrial buildings,
coverings of powerhouse halls of large hydropow-
er stations (Fig. 2) [10]. At present the system is
widespread in Russian Federation (Bureyskaya

Hydropower Station in the Far East, 86 structures

built before Moscow Olympiad of 1980) [1].

The object of research is s structural load car-
rying construction of a large span covering of the
entertainment center in Donetsk. Dimensions of
the covered part of the building are 68.4x42.0 m
(Fig. 3). The column spacing is different in longi-
tudinal and transverse directions. The mark of the
lower part of the covering +12.2 m [3].

The structural slab of the MARCHI system is
used as a covering. The supporting members of the
structural slab are tubes connected in blocks with
bolts by special members called connectors. The
pyramid having a rectangular base of 3.0x3.6 m
(what corresponds to column spacing along and
across the building) and edges of 3.6 m is taken as
an elementary cell of the structure of the basic
variant. The height of the structural covering is
2.73 m and the angle of an edge tilt o = 49.4°
(Fig. 4) [3].

The MARCHI system possesses a lot of good
qualities and is a reliable and economically advan-
tageous covering variant. However, there is a cer-
tain number of problems which designers can face
with at choosing the MARCHI system as a cover-
ing.

1) Using the MARCHI system with nonstandard
spans leads to geometric change of an elemen-
tary cell and correspondently of irregular col-
umn spacing.

Figure 2. Turbine room span — Bureyskaya Hydropower
Station (size covered 150.0%28.5 m).
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Figure 3. Being investigated structural system.
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Figure 4. Elementary cell of a structural slab.

2) Due to unconventional ratio of structure plan
dimentions (for a particular case discussed fur-
ther, 68.4x42.0~1.6:1.0) large efforts arise in
blocks.

Some possible ways of effort control in covering

members are the following:

1) changing local geometric parameters (in this
particular case it is the change of the height of
an elementary cell);

2) changing the general geometry of the covering
by prelimenery upward bend (transition from
flat geometry to curvilinear one).

The main part

The aim of the given research is finding such geo-
metric parameters of the cell, which could satisfy
maximum bearing capacity of high strength 40X
«select» bolt which is 100 t. Both analytical and

numerical analyses of SSS of structures are used
for this purpose.

The analytical method of analysis is based on
the approximate method of covering slab design
and is carried out according to the methodology
suggested by A. G. Truschev [5,9].

Numerical researches were fulfilled using pro-
gramme complex «<SCAD», which is a calculating
complex for strength analysis of structures by fi-
nite element method [7]. The single environment
of designed scheme synthesis and analysis of re-
sults ensures unlimited possibilities for modeling
designed schemes from the most simple to the most
complicated ones.

In the course of analysis the basic changeable
parameter was the ratio of the covering height to
the span (% / ), depending on which the change
of efforts in main bearing covering members were
analyzed. The results of research are given in Ta-

bles 1, 2.
Ny =12,IM,, -a/h; N,=%L,4-Va, /sina.

Notations used in figures 5 and 6:

N min p — maximum compression efforts in
braces, obtained by the numerical method;

N 1 — efforts in braces obtained by the analyt-
ical method;

[N] - limit loads corresponding to bolt load —
carrying capacity.
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Table 1. Parameters and results of analytical analysis
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Figure 6. Maximum efforts in braces (numerical and
analytical analysis) depending on % /I

No ratio h/l
Lines Parameters 1/15 (Stl ; igfr 8 1/20 1/25 1/30
1 2 3 4 5 6 7
Coefficients:
| v 49 49 49 49 49
Qop 47,5 47,5 47.5 47.5 47,5
Ay, 21 21 21 21 21
2 V (xH) 54,1 54,1 54,1 54,1 54,1
M,,, (kNm) 358.,6 358.,6 358.,6 358,6 358,6
3 M, (kNm) 158,4 158,4 158,4 158,4 158,4
M0 (kNm) 358.,6 358,6 358.,6 358.,6 358,6
1 7 (m) 3 2,74 2,5 2 15
5 Lygp (M) 42 42 42 42 42
6 1y, (m) 68,4 68,4 68,4 68,4 68,4
7 P (kN/m) 2,628 2,628 2,628 2,628 2,628
8 Uy (M) 3.6 3.6 3.6 3.6 3.6
9 Ay, (m) 3 3 3 3 3
10 aj cop (M) 7,2 7,2 7,2 7,2 7,2
1 a4, (m) 3 3 3 3 3
12 Sina 0,85 0,83 0,81 0,74 0,64
13 N, +753,06 +824,5 +903,7 +1129,6 +1506,1
14 N, -366,6 —375,4 —384,7 —421,1 —486,9
Table 2. Parameters and results of the numerical analysis
Ratioh /1
Ne Lines Parameters 1/16,5
115 (Standizd) 1/20 125 1/30
Nmax m kN
1 (clement 247) 871,27 953,05 1043,6 1302,1 1733,27
2 Noin , KN -854,5 -937,27 -1028,75 -1289,19 -1722,19
(element 861) ’ ? ? i ?
Winax, mm
3 (joint 143) 93,3 107,9 125,8 186,4 318,5
Nmin, kN
4 (elenfent 1237) -265,41 -273,36 -282,89 -313,53 -372,56
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The second method of effort control, as it was
mentioned above, is the method of a preliminary
upward bend. The aim of the investigation of this
method is to study the influence of the slab sag on
the SSS of the structure [17].

To analyze the influence of the preliminary cur-
vature on the given (adopted) structure two ways
of fixing a structural slab were chosen:

1. The structure is fixed by a hinge joint along
the contour (outline).

2. The structural slab rests on elastic and compli-
ant supports, rigid characteristics of which cor-
respond to the considered variant of the design
solution of the covering structure (the analy-
sis is performed with account of support com-
pliance Fig. 3).

All calculations by this method were also per-
formed with the help of the programme complex
«SCAD». The results of investigation are given in
Tables 3, 4, 5 and in Figures 7 and 8.

Notesto Tables 3, 4, 5. A dash in columns means
entry of the previous parameters in the framework
of allowable values. However, the note does not

Table 3. Parameters of numerical analysis for 1/50

Igor Romenskiy, Tamara Zagoruiko, Alexander Mushchanoo

refer to the 6-th pressing out stage in the column
«Fastening with account of support compliance»
in table 3 because no calculations were performed.

Figures 7 and 8 show the diagrames of SSS de-
pendence of the sag of the structural slab. The val-
ues for diagrames were taken (adopted) from the
corresponding tables (3, 4, 5).

Conclusion

1. For the being considered plan of covering
(a:b=1.6:1.0), at the load Q=263 kg/m?[6],
which is characteristic of Donetsk, the limit-
ing ratio &/, at which it is possible to use stan-
dard blocks-connectors of the MARCHI sys-
tem, is h/[=1/17 what is a bit different from
conventional recommendations on appoint-
ment A/1 for structural coverings (1/15...1/30).

2. The most sensitive to changes of /! ratio are
efforts (loads) in chords, which are changed
proportionally to the covering height 4. At de-
creasing covering height 2 times efforts in
chords of the structure increase 100 %. Less

. Method of support fastening
Ne of pressing out lled ter Fasteni N Tof
stage Controlled paramete Fixed joint astening with account o
support compliance
W nax (mm) 357,49 356,92
0 (flat stage) Ninax (KN) 171,42 159,65
fy/l 0 0
W nax (mm) 309,64 844,93
1 Ninax (KN) 151,36 290,75
fo/l 8,5 18,8
Winax (mm) 249,72 790,59
2 Ninax (KN) 151,27 270,94
fo/l 15,8 36,4
Winax (mm) 202,95 717,717
3 Npnax (KN) 133,66 243,44
fo/l 21,8 52,0
W inax (mm) 170,23 647,04
4 Nax (KN) 118,57 216,52
fo/l 26,6 66,4
W inax (mm) 147,27 586,06
5 Nax (KN) 106,48 193,18
fy/l 30,7 80,4
W nax (mm) 130,37 —
6 Ninax (kKN) 96,90 —
fy/l 34,2 —
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Table 4. Parameters of numerical analysis for 1,/30

Ne of pressing out Controlled Method of supp OrthZ:;[Zﬁigg With account of
stage parameter Fixed joint suppog t compliance

Winax (mm) 135,76 318,48

0 (flat stage) Ninax (KN) 95,39 175,55
fo/l 0 0

W inax (mm) — 317,13

1 Npnax (KN) — 174,99
fy/l — 7,1

Winax (mm) — 315,20

2 Ninax (KN) — 173,85

fo/l - 14,15

Winax (mm) — 312,55

3 Ninax (KN) - 172,43

fo/l — 21,15

Table 5. Parameters of numerical analysis for 1,/20

Ne of pressing out Controlled Method of supp OrthZ::ZEiiEg With account of
stage parameter Fixed joint suppogr t compliance
W nax (mm) 67,33 150,98
0 (flat stage) Ninax (KN) 63,11 116,68
fy/1 0 0
Winax (mm) - 150,82
1 Ninax (KN) — 116,61
fy/1 — 3,35
allowable fO/L-19-3 allpwalle
afforis AN AN /| flexun
N Y /
34 35 34.2
30’% | 20 \3 ’7
26,6, e \26.6
Wi=1/50 1.8 - N2E =750
15.8 s 15.8
8,5 // 10 \\ 8,5
/ WI=1/30 5 h/l=1/3 \
J : L
NNJL6 1412 1 08860402 1 \2 3 4 5 6 7 SWL10-3
h/l=1/20 hl=1/20

Figure 7. Dependeces of main parameters of SSS from covering (fixed fastening).
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allowable allowable
d0 4 effonts 0/L110-3| v | flexyre ola
/
6p.4 46,4
N\
/ \
207 520
\ hA=1/50
X
364/ \B6H
A\
\
18844 2L 21L1s 18,8
A 1S AL TS
N 7] Al —
T~ 3 351 13 3 i
T 28262422 2 15 156 L3 LN 08060402 (I ; T 12 13 10 14 15 16 17 18 19
N/[N] hi=1/30 \ Wi=1/20 Wi=1/20 / Wi=1/3 W/L-10-3

Figure 8. Dependences of the main parameters of SSS from covering (fastening with account of support compliance).

sensitive to changes of the geometry are the
efforts in braces, where changes of geometric
parameters 2 times cause 40 % change of ef-
forts in braces.

. When transfer from a flat scheme to a spatial one
in the form of a gently sloping shell, the neces-
sary value of the initial sag is ///=1,/27, at which
the chance is created to use standard members
of the MARCHI type for gently sloping shell that
is stationary fixed along its contour.

. Comparison of the results of analytical and nu-
merical investigations show their satisfactory
convergence within 15 %.
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Pomencokuii Irop BikKTopoBrY — KaHAMAAT TEXHIYHUX HAyK, HOLUEHT Kadeapyu MeTanreBuX KOHCTPYKLii JJonbachkol
HaI[lOHAIBHOI aKaneMii OyniBHUIITBA i apxiTekTypu. HaykoBi iHTepecu: po3paxyHOK i NPOEKTYBaHHS IPOCTOPOBUX
MeTaJIeBUX KOHCTPYKIIH.

3aropyiiko Tamapa IBaniBHa — j1011eHT Kadepy IPUKIAIHOI JIHIBICTHKHU Ta €THOJIOT, cekilist ino3eMHIX MOB J[oH-
6achKoi HalliOHAJIBHOI akajieMil OyiBHUIITBA i apXiTekTypu. HayKoBi iHTepecu: METOAUKA BUKJIAJAHHS IHO3EMHUX
MOB.

MyuianoB Onekcauap Boaoaumuposuy — cryzent J[oHOachKOi HalliOHAJIBbHOI akajeMii OyAiBHUITBA 1 apXiTeKTy-
pu. HaykoBi iHTepecu: po3paxyHOK i MPOEKTyBaHHS IPOCTOPOBUX MeTaJeBUX KOHCTPYKIL.

Pomenckuii Uropp BukropoBuy — KaHIUAT TEXHNYECKUX HAYK, AOIEHT Kadeapsl MeTAUIMIECKNX KOHCTPYKITHI
JlonbaccKoit HAIMOHATHLHOM aKaJeMUn CTPOUTEIbCTBA M APXUTEKTYphl. HaydHble MHTEPECHE: pacYeT U MPOEKTUPO-
BaHWe MPOCTPAHCTBEHHBIX METAJUINIECKUX KOHCTPYKITUH.

3aropyiiko Tamapa ViBaHoBHa — f011eHT Kadeapsl MPUKJIAIHON JUHTBUCTUKY M 3THOJOTHH, CEKIINSI NWHOCTPAHHBIX
a3bIKOB JIOHOACCKOI HAIMOHAIBHOI aKaJleMUU CTPOUTEILCTBA M apXUTEKTypbl. HayuHble HHTEPEChl: METOIUKA TIpe-
M0/IaBaHU ST UHOCTPAHHBIX S3BIKOB.

Mymnianos Asnekcanap Baagumuposuy — crygent [JoHGACCKOI HAIIMOHAIBHON aKaleMUK CTPOUTEJILCTBA U apXu-
TeKTypbl. Hay4yHble MHTEPECHI: pacyeT U IPOEKTUPOBAHUE TIPOCTPAHCTBEHHBIX METAJUIMUECKUX KOHCTPYKIIUIL.
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