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ABSTRACT

New structures in relation to civil engineering with application of the newest
construction materials using roof system of long-span buildings as an example are considered.
The structures combine durability and reliability necessary for exploitation. Reliability of steel
and concrete composite cable space frame is confirmed by experimental and theoretical
researches. The steel and concrete composite cable space frames are the results of synthesis of
structural, cable, steel and concrete elements, and consist of spatial composite modules,
acquired through their advantages and peculiarities, which determine their efficiency. These
structures were designed by the author and have been patented.

The purpose of the study is to present the types of the steel and concrete composite
cable space frames in particular to cover halls, hangars for aircraft and other vehicles, garages
for a large machinery, large-span buildings and structures of airports, etc.

The newness of the steel and concrete composite cable space frames lies in both the
effective application of the properties of the materials and the constructive concept.

1. Introduction

Development of an infrastructure of cities needs modernization, changes or rebuilding
of existing structures and construction of new modern and original buildings. Structures that
completely satisfy the demanding requirements of buildings are a combination of steel space
trusses. steel cables or bars and slabs that are used not only to cover or protect from aggressive
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external [actors, rain, soow and other atmosphenc inlluences, but are also vsed as bearing
clenments.

These composite stuctures were designed with the participation of the author at
Department of Metal, Wood and Plastic Structuees of the Poltava Natiowmal Technical Yoo
Rondmtvak University {Poltana city . Ukeainey and were patented. They ace called Sieel and
Concrete Composile Cable space Frames.

2. Structural concept of the steel and concreie composiie cable space
frame

The purposc of the study is to prescnt the new Kind of spatial composite strocture made
of modern and strong materials for civil constimction in particular of cover halls. hangars for
arcraft and other velucles. varages for large maclhonery. large-span buildings and stroctores of
ANPOTLS. Cle.

Novelty of the steel and concrele composite cable space [rne hies in ellective
apphcation properties of materials [1] 10 means that the steel members are wainly in @nsion.
and the concrele members are in stress, The sieel and concrele composile cable space frame is
a double-laver structure that consisls of the three different kinds of stroctural elements; wp
chord. steel space frusses and bottom chord (Fig. 1) The steel space trusses are made of
scemems of sicel tubes or tods. The 1op chords are made of reinforced concrete slabs. The
clements of the bottom chord are made of sicel cable. sa these clements can be only in tension.
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Figure 1. The steel and concrete compuosite cable space frame:
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Figure 2, The steel-concrete space units of the sceel and concrete composite cable space frame
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The steel and conerte composie cable space Trame 15 assembled on the construction
sie from steel-concrete space umits (Fig. 2% and the bowom chords (Fig. 3).

if) ) Ty

Figure 3. The hottom chords:
b in cable ease ) B roed case

The structural members are routnely joined at node | and node 2 (see Fig. 2) by bolted
conmgclions desianed by the author [2] (Figo 43 bul sometimes in specilic cases can be joined
bv welded commections (Fig, 51,

Fizure 4. Bolted connections:
o mede 1 by nefe B

Ficure 5. Welded connectinn (node 2):
D=dtexible pod, 2= pod 3 = comipliing: 4 = sicel rowid ploie

Besides. node 1 and node 2 can lene ditterent designs depending on the forces that
appearcd inthe structural members |2].

The choice of a connection tvpe (node 1 and node 2) rouancly depends on the function
ol the buildings, their span and shape. bul prefercnce is given o bolted conncctions becanse
thev are casier in assembling and are able w0 camy the ngh loads that tvpcally appear in
structural members of civil structures. The steel and concrele composile cable space Trame can
have various shapes and contours {Fig 6.
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Fignre 6. Shapes of the steel and concrete eompasite cable space frame

Curvatwre of the sitacture 15 achicved by changing lengih L of the bottom chord. The
length of the scegments of the hottom chord depend on angle o and the size of the slab P
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Figure 7. The length determinition of the bottom chord of the steel and conerete composile cable
gpace frame

The steel-concrete space units are uscd for asscmbling varions stmctures inclucing flat
double-laver grids. single-span shells. ctc. |3, 4| Distances that arc covered with thesc
structures reach 100 m. The steel and concrete composite cable space frame can also be used to
asseimble cantilever covers for small-span arcas. In general the curvature of the steel amd
concrele composite cable space frame depends on constraints, 1 the stucture 1s Iixed or pinned
from both sides. the angle ois hmited. butif i has roller conmection. at least from one side. the
angle o can be as shown in Fig, 7 5]

3. The main points of shaping of the steel and concrete composite
cable space frame

There 14 a need (o find clTective struztweal systems including shells in today s conditions
of the development of scicntific and tochnological advances and the srowth of social needs.
The main requirements imposcd on shells or its parts cxcept reliability and the required bearing
capactty are an architectural view. acstheties. erzonomics and high indicators of efficicncy.
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Using rchable and moderm matenals 1o design the new struclueal conept 15 an
iportant 1ssuc. Steels, modern concretes with varous lillers and composies belong o the
malerials that meet the stated requireimients.

The cffectivencss of the developed structees depends on the usage of these materials
and their condiiions of behavior which means that materials need 1o be under pressire ol the
Forces. which thes resist wello Lo steel needs (o be used in steelched o compressed clements
and concrele needs 10 be used in compressed. Considering this. the sicel and concreic
coumposite cable space [rame 5 promising divcction ol bailding stractnres.

[n 6] kinds of steel and concrete composite cable space shells are proposced and
descloped. and their main advantages and desien features revealed. As oo resalt the new
cificiont structures of shells used for covering larege-span buildings and arcas arc proposad.

Daeveloped stecl and concrete composite cahle space shells are implemented 1in
industrial and civil constiction. Applications doveloped for the designs of larsc-span
constnictions covering objects provide a significant cconomic benzfit throngh the cfficient usc
ol neenals [7]

4, Technical and economie characteristics of the steel and concrete
composite cable space frame

There 15 a problem with the cxcessive laborionsness and matenal consumption. which
appears in conscouence of the nof rational use of materials in consnmction. These tactors have
direct impact on the overall cost and duration of the project implememtation. That is why there
is a neod for new constructions with structural concepts, which will largely malke it possiblc to
suve meterials and reduce complexity of construction. These structures are the steel and
concrete composite cable space frames. The stcel-concrote composite stucture is used for
creating the new construction becanse tus matenal 15 reliable. has been stdied well and is
used very wideh o various fclds of construction |8 — 19 The essence of the steel and
concrele composie cable space Mame lics in the ratonal and eflicient vse of materials and the
behavior of stroctaral elements.

The pupose of study s caleulate the techmeal and economne parameters ol the sieel
and concrele composide cable space frame and the validily of Teasibility of using them in
dillereni buildings and siruciurcs.

The resndts of provions stndies show ihat the steel and concreie composiic cable space
frame combine the adyantages of space Trame. reinforced concrete and cable stractures |13,
The ctfcciivencss of the structural concepd and optimal geometrnic dimensions hasve been fonnd
| 14]. The steel and concrete composite cable spacs Trames are reliable and have nice acsthetic
appearance duc to ozl spatial shapes and outlines. Therefore. it 15 necessary o prove the
cffectivencss of the stecl and concrete composite cable space frame so that we can increase the
interzst and therr implementation in the real sector of the constmiction.

[t is nocessany to perfonn the calculation of the technical and cconomic parameters :nd
to assess the advantages of the now construction compared with the existing analoguzs to
determine the scope of the steel and concrete composite cable space fraome, A cell ol a rool ol a
ong=story indusirial building with a span of 30w and 12 m column sicp has been aken for
comparative analysis, Firsthv, ihe amalvsis of the weizht as been conducted between the sieel
and concrete composite cable space slab (CC <dabs) and by pical sevies ol winlorced concrete
slabs, which are widely wsed in Ukraine,




The slabs that have been compared are designad Tor load within 2000 — 3040 Lpdme,
therelfore the ratio of the weiglt slabs to their bearing capacity was determined for a more
chjective assessment of effectiveness of the desian.

[t has been Tound ot that the steel and conerete composite cable space slab 4 more
cllective than a iy pical scrics ol concizle slabs m 30 - 60% with the same load capacity (Fig. 4).

Alter this. a comparison has been made between the complesity of the rool stracture
made ol a stecl and concreie composie cable space slab and s pical inforced concrele
SHrucinres.

The studics show that the use of the spatial grid-cable steel-conceete coumposite slab
allows reducing the weight of the roof by 24 63%. the man-howr by 7.6% and the machine-
hour by 332" i companson with oxisting analogues |7, 8.

In addition. to find the technical benefits i the compared reinforced concrete shell.
numcrical iimvestigation has been conducted. In both cascs. for the stecl and concrete composite
cable space frame and the reinforced concrete shell. the same boundary conditional (for g 8
101y Tour pinmed suppart, and for Fiz, @ s pinned along the perinetery has been used, The load
s 2 kNS Bothe the top chord of the steel and concrele composile cable space rame and the
reinforced concrete shell have been modeled as a thee-liver element, The modeling 15
conducted i plastc. Matenials are modeled by veal suress-straimn corves (Fieo 10y, Tn Fig, 10 the
red fing AB shows matcrial iniension,
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As we can see (Fio s and Figo 9y the stecl aod concraie composiie cable space frane
lis Detter technical characteristios than rendoreed concezte shell As shown o Figo 8 and Fig,
Yo the vertical displacemen ol the sicel and concrete compaosite cablz space Dame is lesser than
the vertical displacciment of the reinforced concrete shell with 83%: and the stress of the top
chord of the steel and concrote composite cable space trame is lessar than the stress of the

reindoreed concrete shell witly 3%

S, Manufacturing and construction of the steel and concrete

composite cable space frame

Production of sicel-concrete space unis can be performed in the plams ihat produce
sleel bdlding strnctres, and other plams thad hase the cgquipment for processing teel and
comciele casting of products, Technologics of processing. asscmbly, welding, loadimg and
unloading  of <tecl stractural member ol dhe composie sieel and  concrete grid-cable
comsbmctions are similac 1o the weehnologs ol production of comnventional steel steactoees and
concrele stractures. Manonlacturing technclogy of the steel and concecte composite cable space
Feamz s divided imo tawoe separaie processes: abrication of a sieel Ttiice {ramey and the
siee] and concrete composie cable space [ame s

making of slab. Constmction ol the
perfonned by the methods described in (T8 19 Domug the desion of the steel and concrele

composile cable space Trane therz s o task o get rd of the disadvantages ol sleel and conerelz
zlements, The quesion concermng the choe of strangth grade of concrate, sizel bes prude.
and acceplimce of remilforcgment ratio 15 of greal nnporiancs [ 18],
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Basic waterials Tor manulactummg of such sopport system are concrete and steel wubes
Heavy concrete of the followmy project <lasses B12.5: B15: B20: B23; B0, B4): B45 should
be applicd. Steel clectric-welded tubes should be usad [18].

Conclusions

The sleel and concrele composite cable space Mmmes are the new kand of large-span
siroctures. winch Tave advantages: m particolar, they are highter and hive lower complexiy
both m manufacurmg and assemibling than analogues. The sieel and concrete composile cable
space rames consist of botom chords and stegl-conerele space umis, which combing slabs and
rods, This stroctoral concept makes 10 possible (o sive matenals due (o then rational use, The
conclosion that s wpe of construcions 18 more rehable and elTicient e explodtation
(30 60%) than analomies allows to save matcrials up to 24 63%, which is obtaincd thanks
to experimental. thooretical and analytical stdics as well as the stress-strain state numerical
lvestigation

The idea of the steel and concrete composite cable space frames is to obtain high
strength cliaracteristics and techieal and cconomic benetits due to the combination of ctfective
structural solutions. Also. what lics on the basis of the steel and concrete composite cable space
frames is the principle of modularity of clemonts. ic. the use of repeatedly repeated
constiuctive elements of complete facton-made.

In conclusion. it should be noted that the sweel and concrete composite cable space
Frames have dilferent [orms and shapes. This allows using structares successfully in the
construction of buildings and dilferent structures.
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