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TYPES OF STEEL AND CONCRETE COMPOSITE
CABLE SPACE FRAMES

Purpose. Modern terms of the construction generate the need to find new structures, including roof systems that
would meet modern requirements. An important aspect in finding constructive solutions for new structures is the use
of reliable and advanced materials. Considering this, the decision to develop the new space structures to a wide im-
plementation in practice of domestic and foreign construction are relevant and perspective direction of building
structures development. Methodology. Given the results of previously conducted theoretical research of existing
types of space roof structures find promising areas of improvement or creation of new structures that should be de-
void of weaknesses and imperfections of analogs and they should have an economic effect through rational use of
materials. Findings. Types of steel and concrete composite cable space frames and structural features of its elements
are developed and considered. The steel and concrete composite cable space frame is a completely new kind of
space structure system that has the original structural concept and it was designed to cover large-span industrial and
public buildings. The basic elements of that structure system are modular element of the bottom chord and space
steel and concrete composite module that consists of tubular rods and reinforced concrete slab. All modular ele-
ments are made in the factory. With bottom chord modular elements and space steel and concrete composite mod-
ules can be assembled three types of longitudinal elements. It is the beam element, arched element and hanging ele-
ment. Also with the modules can be assembled various structure system and their combinations. Number of space
steel and concrete composite modules and bottom chord modular elements, which is needed to collect steel and con-
crete composite cable space frames, is determined by calculation and optimal designing. Recommended dimensions
of the modular elements of the steel and concrete composite cable space frames are presented. Originality. The new
efficient construction roofs that appointment for covering large-span buildings were developed by the author. Prac-
tical value. Developed steel and concrete composite grid-gable roofs are designed for industrial and civil construc-
tion. Applications of developed designs for the construction of large-span covering objects provides a significant
economic benefit through the efficient use of materials.
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the overall cost and duration of the construction
project, so there is a requirement to improve and
finding the new structures systems, including space
structures that would permit largely achieve
savings of materials and reduce complexity of
technological processes.

This was the cause of the idea of developing
the new concept of the space steel and concrete

Introduction

There is a problem often in building sector,
which lies in the complexity of work and material
overruns due to no effective use. This situation in
the construction has developed due non-
compliance existing industry design solutions to
modern requirements that over time morally and

physically obsolete. These factors directly affect

composite systems that not only will combine in
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themselves the results of previous studies [5, 6, 10]
and will have positive properties of existing spatial
structures, but will have own unique properties are
specific to them.

Analysis of recent sources of research and
publications has shown that steel and concrete
composite is a material that were used very widely
in various fields of construction [3, 8, 9, 11, 14,
15]. Currently the main directions of research the
steel and concrete space structures are related with
the improvement of methods of calculation and
constructive solutions as well as study influence of
different types of load on the stress-strained state
andsoon [4,7, 12, 13].

The analysis of previous studies has shown that
most of the steel and concrete space structures are
monolithic. However, prefabricated structures,
which would allow building curved surface, have
not developed yet.

Purpose

To develop and present main types of steel and
concrete composite cable space frames that will
allow building large-span roof system applied to
transport infrastructure.

Methodology and Findings

There is an opportunity to build cover buildings
various sizes and shapes, including various
membrane curvature, domes, and others due to that
steel and concrete composite cable space frames is
modular. Considering the novelty of the structure
concept of the steel and concrete composite cable
space frames a priority task is to define the field of
application these structures and to develop several
types of forms and structural elements.
Concurrently all samples that were developed were
patented. The basic elements of that structure
system are modular elements of the bottom chord
(Fig. 1) and the steel and concrete composite space
modules that consists of tubular diagonal and
reinforced concrete slab (Fig. 2) [2].

In general, the basis of the steel and concrete
composite space module is reinforced concrete or
steel-concrete square slab. It plays the role of the
top chord of the steel and concrete composite cable
space frames. In general, dimensions of the rein-
forced concrete slab can be different and are calcu-
lated, but the recommended dimensions of the slab
in the plan are 1.5x1.5 m or 3x3 m. The diagonals
are made of circular cross section, preferably with

a tube, which plays the role of the lattice of the
structure. The angle between tubular diagonal and
their horizontal projections a can be for as conven-
tional space grid structures, but recommended 45°.
The steel and concrete composite space modules
are combined to each other by means of the nodal
connections in a plane of the top chord (Node 2,
see. Fig. 3) in the plane of the bottom chord (Node
1 see. Fig. 4), construction of which can be differ-
ent design depending on the type of steel and con-
crete composite cable space frames [1].

Fig. 1. Modular elements of the bottom chord of steel
and concrete composite cable space frames:
1 — steel rode; 2 — steel plate with hole

b A )

S 1 e

Fig. 2. Steel and concrete composite space module:
1 — reinforced concrete slab;
2 — tubular diagonal
3 —node on top chord (node 1);
4 —node on bottom chord (node 2)
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Reinforced concrete slab Reinforced concrete slab
Nodal welded element

Weld

Nut
Bolt with hex head cap Y
and partially threaded

Tubular diagonal Tubular diagonal

Steel plate 1

Weld

Weld

Steel plate 2
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bolt with hex head cap
and partially threaded

Weld

Steel plate
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Fig. 3. Example of the nodal connections

on a plane of the top chord (Node 2)

Tubular diagonal Tubular diagonal

Square
steel plate

Bolt with hex head cap Washer
and partially threaded

Trapezoidal steel plate
with a hole

Fig. 4. Example of the nodal connections on a plane
of the bottom chord (Node 1)

The node on plane of the top chord includes the
nodal welded element, which consist of three steel
parts: rectangular steel plate 1, rectangle trapezoid
steel plate 2 and rectangular steel plate with clear-
ance hole. These steel plates are connected with
electric arc welding. Two nodal welded elements
that are part of steel and concrete composite space
modules are connected with partially threaded bolt
with hex head cap through the clearance hole.

The node on plane of the bottom chord includes
the nodal welded element, which consists of two
steel parts: square steel plate and trapezoid steel
plate with clearance hole. These steel plates are
connected with electric arc welding.

To reduce the weight of the steel and concrete
composite space module was offered improved
design solution, the essence of which was to use
the plate as the top chord, which is made from
lightweight concrete or ferrocement, as well as
tubular rods were used, which are made from high-
strength steel. As a result, the lightweight element
of structure was patented. Lightweight element of
structure is part of the steel and concrete composite
cable space frames and can be used in the
construction of large-span public and industrial
buildings. The effectiveness of lightweight
elements consists in low weight, ease of
installation, low complexity manufacturing, short
period of the construction. It should be noted that
lightweight elements are made entirely in the
factory.

With bottom chord modular elements (see
Fig. 1) and space steel and concrete composite
modules (see Fig. 2) can be assembled three types
of longitudinal elements. It is the beam element,
arched element and hanging element (Fig. 5).

Longitudinal elements can be used equally
effectively as cover for large and small spans (Fig.
5) and be an alternative to precast concrete system,
which consist of hollow or ribbed panels that are
mounted on truss or beams, also composite steel
deck concrete roof system.

Longitudinal elements, which do not exceed the
length of the dimensions of transportation are
completely manufactured and assembled in the
factory. In this case, longitudinal elements are de-
livered to the building site as a complete construc-
tion. This will greatly reduce the complexity of
assembly and installation and reduce the total dura-
tion of the construction steel and concrete compos-
ite cable space frames. The effectiveness of com-
plete factory manufacturing of the modular or lon-
gitudinal elements is especially evident in the case
when elements have constructive improvements
that are designed to simplify and reduced the
length of works. For example, Fig. 6 shows the
steel and concrete composite space module with
a steel frame, the effectiveness of this solution lies
in the frame that serves as not only a means to
strengthen the slab, but also to connect the mod-
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ules to each other in the case of welding. In addi-
tion, steel frame also serves as a permanent form
during concreting of module. Fig. 7 shows another
example. It is the steel and concrete composite

space module, which besides steel frame has addi-
tional elements — steel shelves, which serve as an
aid in the installation the construction.

Types of longitudinal elements:

P
Hanging element
Support
node

Beam element

h+1/3%b

Arched element
N

-
Middle element
|. Support d
4 4 / 4 M 4 %
b=6...24 m b=6...24 m
B=12..48 m L [=12..36m

Fig. 5. Variants of roof system are made from longitudinal elements

Steel frame from Reinforced concrete slab

a channel bar

Weld

Weld

Tubular diagonal

- Example of the nodal

connections on a plane
of the bottom chord

Kind of modular element
of the bottom chord from steel strip

Fig. 6. Improved designs of the steel and concrete
composite space module with a steel frame

Reinforced concrete slab

Steel frame from
a channel bar

Steel shelve

Tubular diagonal Tubular diagonal

Example of the nodal
connections on a plane
of the bottom chord

Kind of modular element
of the bottom chord from steel strip

Fig. 7. Improved designs of the steel and concrete
composite space module with steel shelves
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Curvature of longitudinal elements or steel and
concrete composite cable space frames is provided
by reducing or increasing the length of the modular
element of the bottom chord L (see Fig. 1), in
consequence of which between steel and concrete
composite space modules is formed mutual angle.
However, it should be noted that the curvature of
the arch of steel and concrete composite cable
space frames is limited and depends on conditions
of fixing. While designing of steel and concrete
composite cable space frames need to remember
that the modular element of the bottom chord are
designed to work only in tension. Thus designing
these systems should take the following geometric
dimensions of its constituent elements and
geometric parameters that will prevent the
emergence of effort compression elements in the
modular element of the bottom chord. Determining
some optimum geometrical parameters of these
structures were presented in [2]. In general, for
steel and concrete composite cable space frames
with recommended dimensions of the steel and
concrete composite space module and angle
between diagonal and its horizontal projection, the
relationship between the length of the modular
element of the bottom chord and angle has barely
noticeable curvilinear nature.

Originality and practical value

The steel and concrete composite cable space
frames are the new kind of effective space grid
structures that allow saving of material resources
and reducing construction laboriousness because
the bottom chord of the frames are made of
flexible rods. These rods in its essence and idea are
not designed for compression, so for the
manufacture of such rods there is no need to apply
rigid and massive types of metal rolling to provide
a load carrying capacity and rigidity of the frames.
This specifics of the designed frames are closely
associated with the utilize of high-strength steels
for manufacturing elements of the bottom chord,
because as we know in tension elements
effectively apply high-strength steels. This fact
was found after comparison between developed
frames and typical design solutions of long-span
roof system had been conducted. It has been found
that the steel and concrete composite cable space
frames can be lighter than typical roof systems
about at 32-72%.

Conclusions

The steel and concrete composite cable space
frames are the new kind of large-span structures,
which have significant advantages, in particular,
they are lighter and have lower complexity of
manufacturing and assembly than analogues. The
basic elements of that structure system are modular
elements of the bottom chord and space steel and
concrete composite modules. Modular elements of
the bottom chord, steel and concrete composite
space modules and three types of longitudinal
elements are used for construction large-span
industrial and public buildings. Thanks to its
modular design the steel and concrete composite
cable space frames can be varied expressive
architectural outline and shape. Flat double-layer
grid is the simplest type of the steel and concrete
composite cable space frames. This type of
structures is used efficiently for small spans like
that structure that installed on individual supports
or on a contour.

In general, from modular elements can be
erected not only the proposed system but also
many others, including steel and concrete
composite cable space frames, which have
complex shapes or combinations for covering
hangars for aircraft, machinery or equipment, etc.
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THUIIN TPOCTOPOBUX CTPYKTYPHO-BAHTOBHUX
CTAJIE3AJI30OBETOHHUX KOHCTPYKIIH

MeTa. YMOBH iCHYIOYOT0 OY/IBHHIITBA MOPOKYIOTh HEOOXIIHICTh MOIIYKY HOBHX KOHCTPYKIIiH, 30KpeMa Io-
KPHTTIB, 5IKi O 3a/I0BOJIBHSIIM CYy4acCHUM BHMOTaM. BaXIMBMM MOMEHTOM Y IOLIYKY KOHCTPYKTHBHHUX pillleHb HO-
BUX KOHCTPYKILIH € BUKOPHUCTAHHS HAIIMHUX 1 CydacHMX marepiaiiB. BpaxoByrouu 1ie, pilleHHs po3pOOHMTH HOBI
MIPOCTOPOBI KOHCTPYKIIT 3 METOIO MIMPOKOTO BIPOBAXKEHHS B NMPAKTHKY BITYM3HSIHOTO W 3apyOiXHOTO OYyIiBHUIIT-
Ba € aKTYaIBHUM i TIEPCIIEKTHBHUM HAIPSIMKOM PO3BHUTKY OYIiBENFHUX KOHCTPYKIiil. MeToauka. 3 ypaxyBaHHIM
pe3ynbTaTy MONEePEeIHBO IPOBEICHOr0 TEOPETUYHOTO IOCITIPKEHHS ICHYFOUHMX THIIB IPOCTOPOBUX KOHCTPYKLIi
MTOKPUTTIB 3HAHACHO IEPCIEKTHUBHI HANPSMKH IX YIOCKOHaJeHHsS ab0 CTBOPEHHS HOBHUX KOHCTPYKLIH, AKi Oyim
6 He numIe mo30aBiieHI HEJOMIKIB Ta HEJOCKOHAJIOCTEH aHANIOTIB, ae i MajJu eKOHOMIYHHNA e(eKT 3a paxyHOK parli-
OHAJILHOT'O BHKOPHCTaHHA MaTepianiB. Pe3yabTaT. Po3po0iieHO Ta pO3IIISHYTO THIIM IIPOCTOPOBUX CTPYKTYPHO-
BaHTOBHX CTaJe3ai300€TOHHUX KOHCTPYKLIH Ta KOHCTPYKTHBHI OCOOIUBOCTI iX eneMeHTiB. IIpocTopoBi cTpykTyp-
HO-BaHTOBI CTaJ€3a1i300€TOHHI KOHCTPYKIIii — aOCOJIIOTHO HOBHI BUJI IPOCTOPOBUX HECYYHX CHCTEM 13 OpHUTIHAIb-
HUM KOHCTPYKTHBHUM PIlIEHHSIM, 1[0 MPU3HAYEH] /Il TIOKPUTTS BEJIMKOIPOIITHUX POMHUCIOBUX Ta I'POMaJIChKUX
OyniBens i criopya. OCHOBHUMH €JIeMEHTaMH TaKuX KOHCTPYKIIH € MOJYJbHI €JIEeMEHTH HW)KHBOTO MOsica Ta Mpoc-
TOPOBI CTae3ani300eTOHHI MOy, SIKi CKJIQIAIOThCs i3 IUINT Ta TpyOUacTUX CTPIKHIB. Bei MOayIbHI eneMeHTH
BUTOTOBIISIIOTBCS. B 3aBOJCHKMX YMOBaX. 3 MPOCTOPOBHX CTaje3a]i300€TOHHUX MOJYJNIB 1 MOIYJIBHHX €JIEMEHTIB
HIDKHBOTO TIOSICA MOXKYTh 30MpaTUCS TPU THITH JTiHIHHUX €JIEMEHTIB: OANKOBUH, apKOBUH 1 BHCAYMMA, a TAKOXK Pi3HI
HEeCydi CHCTeMH Ta ix kKoMmOiHamii. KiTbKiCTh MPOCTOPOBUX CTae3as1i300eTOHHUX MOIYJIiB Ta MOIYJIFHUX €JIEMEHTIB
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HIDKHBOTO TI0sICa, 10 HEOOXiMH1 AT 30MpaHHs MPOCTOPOBUX KOHCTPYKIIH, BA3HAYAETHCSA PO3PAXYHKOM Ta BapiaHT-
HUM TIpOeKTyBaHHAM. HaBegeHo pexoMeHI0BaHI pO3MipH MOAYJIBHUX €IEMEHTIB CTPYKTYPHO-BAHTOBOI CTae3alli-
300eToHHOT KOHCTpyKLii. HaykoBa HOBH3HA. ABTOpPOM pO3p00JieHI HOBI e(DeKTHBHI KOHCTPYKIIIi MOKPHUTTIB, SIKi
NIPU3HAYEHI JUIsl IEPEKPUTTS BEIMKONPOIITHUX OyniBens Ta ciopyl. IIpakTuuna 3HauuMicTb. Po3pobiieHi crase-
3a1i1300€TOHHI CTPYKTYPHO-BAHTOBI IOKPUTTS MPU3HAYCHI /IS MIPOMHUCIIOBOTO Ta IIMBUILHOTO Oy IIBHHUIITBA. 3aCTO-
CYBaHHSI PO3pOOJICHMX KOHCTPYKIIH JUIs 3BEJCHHS NMOKPHUTTS BEJIUKONPOJITHUX OYIiBEJIb Ta CHOPYHA I03BOJISE
OTPUMATH 3HAYHUI EKOHOMIYHUH e(PEeKT 3a paxyHOK paiioHaIbHO BUKOPUCTAHUX MaTepialis.

Kmiouosi crosa: nnactuna; Tpy0a; CTpUKEHB; OONIT; MOYJIb; BEPXHIH MOSIC; HUKHIN TOSC

. M. TACUM"
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THUIIBI IPOCTPAHCTBEHHBIX CTPYKTYPHO-BAHTOBBIX
CTAJIEXKEJE30BETOHHBIX KOHCTPYKIIUMIA

Henb. YcnoBUs CYIIECTBYIOMIETO CTPOUTENBCTBA IMOPOXKIAIOT HEOOXOIUMOCTh IMOMCKA HOBBIX KOHCTPYKITHIA,
B YaCTHOCTH TOKPBITHI, KOTOpbIE OBl YIOBIECTBOPSUIA COBPEMEHHBIM TPeOOBaHUAM. BaKHBIM MOMEHTOM B TTOMCKE
KOHCTPYKTUBHBIX PEIICHUH HOBBIX KOHCTPYKIHU SBISICTCA HMCIIONB30BAHME HAJCKHBIX M COBPEMEHHBIX MaTepha-
JIOB. YUHUTHIBas 3TO, pelIeHHe pa3padoTaTh HOBEIE NMPOCTPAHCTBEHHBIE KOHCTPYKIIUH C IENBI0 IMIHPOKOTO BHEIpPE-
HUS B IPAKTHUKY OT€YECTBEHHOIO U 3apyOEKHOTO CTPOUTENIECTBA SIBIISETCS aKTyaJbHBIM U IIEPCIIEKTHBHBIM HaIpaB-
JICHUEM Pa3BUTHUS CTPOUTENBHBIX KOHCTpYKIMi. MeTtoauka. C yueToM pe3yibTara IpeaBapUTEIbHO IPOBEICHHOTO
TEOPETHYECKOTO UCCIIETOBAHMS CYIIECTBYIOMINX THIIOB IMPOCTPAHCTBEHHBIX KOHCTPYKIINH MMOKPHITHH HaMIeHBI TIep-
CIICKTUBHBIC HAIIPpaBJICHUA WX YCOBCPUHICHCTBOBAHUA WJIM CO3JaHUSA HOBBIX KOHCprKHHﬁ, KOTOpbIC 6])1.]'11/1 6])1 HE
TOJILKO JIMIICHBI HEJOCTATKOB U HECOBEPIIICHCTB aHAJIOrOB, HO M MMENIM Obl SKOHOMUYECKHU 3 EKT 3a cUeT pa-
IUOHAIILHOTO MCIIOJIb30BaHUs MaTepuasioB. Pe3yabTaThl. Pa3paboTanbl ¥ pacCMOTPEHBI THITBI IPOCTPAHCTBEHHBIX
CTPYKTYPHO-BAaHTOBBIX CTaJCkKeNe300€TOHHBIX KOHCTPYKIUH W KOHCTPYKTUBHBICE OCOOCHHOCTH WX JIJIEMCHTOB.
[IpocTpaHCcTBEHHBIE CTPYKTYpPHO-BAHTOBBIC CTAJICIKEIC300€TOHHBIC KOHCTPYKIUH — aOCOJIOTHO HOBBIA BHJ IIPO-
CTPAHCTBEHHBIX HECYILUX CHUCTEM C OPUTHMHAJIBHBIM KOHCTPYKTHBHBIM PELLIEHUEM, MpPEAHA3HAUEHbI AJIs1 TOKPBITH
OOJBIIETIPONICTHRIX MPOMBINUICHHBIX W OOIIECTBEHHBIX 3[aHUH M COOpYKeHHil. OCHOBHBIMH JIIEMEHTAMH TaKUX
KOHCTPYKIHUH SIBIAIOTCS MOJIYJIBHBIC JIEMEHTHl HIDKHETO IM0SICa U MPOCTPAHCTBEHHEIE CTAICKEIe300€TOHHBIE MO-
JTyJIH, COCTOSIIINE U3 IUTUT U TPYOUaThIX CTep)KHEeH. Bce MOmynbHBIE 3JIeMEHTHI H3TOTABIMBAIOTCS B 3aBOJICKHX yC-
noBusAx. C IPOCTPAHCTBEHHBIX CTAJIEKEIE300€TOHHBIX MOIYJICH W MOIYJBHBIX 3JIE€MEHTOB HIDKHETO I0sICa MOTYT
coOMpAaThCS TPU THIIA JIMHEWHBIX 3JIEMEHTOB: 0AaJIOYHBIN, apOYHBIA M BHCSYHN, a TAKKe Pa3UIHbIC HECYIIUE CHC-
TEMBI U UX KOMGI/IHaLII/II/l. KomnuectBo MMPOCTPAHCTBEHHBIX CTaJ'le)KeJ'Ie306eTOHHI)IX MOZ[yJ'lCPI U MOAYJBbHBIX 2JICMCH-
TOB HIYKHEr'0 Mosica, He0OX0UMoe JUIsi cOOpa MPOCTPAHCTBEHHBIX KOHCTPYKIIWH, ONpeneisieTcs pacieToM U BapH-
AHTHBIM IIpOEKTUpOBaHUEM. IIpuBeeHbl PEKOMEHYEMBIE PA3MEPBI MOAYJIbHBIX 3JIEMEHTOB CTPYKTYPHO-BaHTOBOMI
CTaNekene300eTOHHOM KOHCTpyKIu. Hayuynass HoBHU3HA. ABTOpOM pa3pa0oTaHbl HOBEIC A()()EKTUBHBIC KOHCT-
PYKIHH TOKPHITAH, KOTOpPHIC INPEIHA3HAYCHBI [UIS IEPEKPHITHSA OOJBIICIPOJICTHRIX 3IAaHUA H COOPYXKCHHUH.
I[pakTnyeckasi 3HAYAMOCTb. Pa3paboTaHHBIC CTaNeKENe300€TOHHBIC CTPYKTYPHO-BAHTOBBIC IMOKPHITHS IIPEIHA-
3HAYEHBI TS TIPOMBIIUIEHHOTO U TPAKIAHCKOTO CTPOUTENhCTBA. [IpruMeHeHne pa3paboTaHHBIX KOHCTPYKIHHA IS
BO3BEICHUS TOKPBITHH OOJBIIETPONICTHBIX 3JaHUN M COOPYKECHUH IO3BOJISACT MONYIUTh 3HAYUTEIHHBIN SKOHOMU-
YeCKUH AP PEKT 32 CUET PAMOHAIBHO HCIIOJIH30BAHHBIX MATEPHAIIOB.

Kniouesvie cnosa: nnactuHa; Tpy0a; CTep:keHb; 0OIT; MOIYIb; BEPXHUHN TOSIC; HIKHUN TOSIC
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