UDC 624.016

G. M. Gasii
Poltava National Technical Yuri Kondratyuk University,
Department of Structures from a Metal, Wood and Plastics,

COMPARATIVE CHARACTERISTICSOF THE SPATIAL
GRID-CABLE STEEL-CONCRETE COMPOSITE SLAB

© Gasii G. M., 2016

Hageneno pe3yJbTaTH TeOpeTMYHHMX PO3PaxyHKiB MaTepialbHMX i TPYIOBHX pecypciB,
SIKi 3aTPa4YaloThCA HA BUTOTOBJIEHHS i 3Be/leHHS CTPYKTYPHO-BAHTOBMX CTaJ1e3aJ1i300eTOHHUX
KOHCTPYKIili MOKPHUTTIB OyaiBe/ib Ta ciopya pisHoro npusHadeHHns. Taxosxk 0yJi0 BU3HAYeHHO
Jesiki MOPIiBHAMBbHI XapaKTePUCTUKU TOCTIIUKYBAHOT KOHCTPYKILii, HANPUKJIA, TaKi SIK Bara,
Hecy4a 3AaTHicThL Tomo. IIpocTopoBa CTPYKTYPHO-BAHTOBA CTajie3ali300eTOHHA NJIHMTA €
HOBHM THINOM 30ipHUX KOHCTPYKUiil /51 BeJMKONPOJIbOTHUX NOKPHUTTIB i 000JIOHOK.
Oco0anBicTh Tak0i KOHCTPYKIII MoJArae B ii KOHCTPYKTUBHOMY pilieHHi. Taka KOHCTpPYKUis
CKJIAA€THCSl 3 MPOCTOPOBOI pelIiTKH, BepPXHbOro i HM:KHBLOro mosicis. IlpocTopoBa cTpyk-
TYPHO-BAHTOBA CTaJIe3aJ1i300eTOHHA MJIMTA CKJIAJAETHCA 3 MEBHOI KiIJILKOCTI MPOCTOPOBUX
cTae3a/i300eTOHHUX MOAYJdiB, fIKi SIBJASIOTH CO0OK TMOECAHAHHS 3aJ1i300€TOHHMX IUIUT i
cTajJleBUX CTPMKHIB, BUTOTOBJIEHHX 3 Bipi3kiB cTajseBux Tpyo. MoayJi NO€IHYIOThCSI OAUH 3
OJHHUM Yy By3Jax 3a JJA0NOMOIOI0 cHemiaJbHUX O00JTOBMX 3’€IHAHb. $IK BepxHiii mosic
BHKOPHUCTOBYIOThH 3J1i300€TOHHY IUTUTY, a AIK HIKHIN — cTajeBuii kaHat. TexHiko-ekoHOMIYHI
NMOKA3HUKH PO3PAXOBAHO /IUIsl O/IHI€T ceKuii MOKPUTTS 3 po3mipamu y miani 30X6 m. OTpumani
JaHi cBiT4aTh Npo e(eKTUBHICTH TAa AOUIIbHICTH 3aCTOCYBAHHS JOCTIIKYBAHUX KOHCTPYKILii
y NOKPUTTSAX OyaiBeab i cnopya pi3HOro npusHadyeHHsi. Pe3yabTraTu A0ciail:keHb MOKA3yIOTh,
0 i3 3aCTOCYBAHHSIM CTPYKTYPHO-BAHTOBHX CTA/1e3A71i300eTOHHUX KOHCTPYKIiid Bara
MOKPUTTS 3HUKYEThes1 Ha 32—72 %, 3aTpaTn npani —Ha 10 % nopiBHsiHO 3 aHaNOTOM.

KirouoBi ciioBa: crane3anizo6eToH, CTPYKTYpa, BaHTA, IUIMTA, PELIITKA, TPYAOMICTKICTD.

The paper studies the theoretical calculations of the material and human resour ces that
is needed for manufacturing and construction the spatial grid-cable steel-concrete composite
slab. Some compar ative characteristics of the construction were estimated such as weight,
bearing capacity etc. The spatial grid-cable steel-concrete composite slab is the new kind of a
construction for long-span roofs and shells. The feature of the construction is in its the
constructive concept. This construction consists of the diagonal members, the top and the
bottom chords. The spatial grid-cable steel-concrete composite slab consists of some number of
the spatial steel-concrete modules, which are a combination of reinforced concrete slabs and
steel diagonal membersthat are made of segments of sted tubes. The modules are connected to
each other in nodes by using special bolted connections. T he top chord are made of reinforced
concrete slab and the bottom chord are made of steel cables. Calculations of technical and
economic indicator s wer e solved on the example of one section of the roof of the size of 30x6 m.
These data demonstr ate the effectiveness and feasibility of studied structures in the shells of
buildings and structur es of various function. Studies show that the use of the spatial grid-cable
steel-concrete composite slab allows reducing the weight of the roof by 32-72 %, the
laboriousness — by 10 % compar ed to analog.
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Introduction. There is a problem of an excessive laboriousness and materials consumption, which

appears in consequence of does not rational using of materials in construction. This situation has devel oped
because of inconsistencies existing structural concepts to modern requirements of the construction
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industry. These factors have direct impact on the overall cost and duration implementation of the project.
That iswhy thereis a need in new constructions with structural concepts, which largely make it possibleto
save materials and reduce complexity of construction. These structures are the spatial grid-cable steel-
concrete composite dlabs (Fig. 1). Steel-concrete composite structure was used for creating the new
construction because this material is reliable, has studied well and is used very widely in various fields of
construction [1-3]. The essence of the spatial grid-cable steel-concrete composite slab lies in rational and
efficient use of materials and the behavior of structural elements. The spatial grid-cable steel-concrete
composite slab consists of the bottom chord (Fig. 2) and the spatial modules (Fig. 3) that includes the
diagonals and the top chord. The spatial modules are connected with bolts to each other to the construction
(Fig. 4). Thetop chord can be made of reinforced concrete or ferrocement slabs it is depends on the type of
reinforcement. The bottom chord is made of flexible e ements that are able to resist tensile forces only. The
grid has spatial structure and consists of rods are made of steel tubes segments. The total weight and
complexity of the construction was reduced compared to analog through such the structure. In addition,
there is no need to use expensive roofing materials and spend time on their installation, because the top
chord of the construction, besides the bearing function provides barrier function and protects the internal
space of the building from wesathering.

Results of previous studies show that the spatial grid-cable steel-concrete composite slabs combine
the advantages of space frame, reinforced concrete and cable-stayed structures [4]. The effectiveness of
structural concept and optimal geometric dimensions have been found [5]. The spatial grid-cable stedl-
concrete composite slabs are reliable and have nice aesthetic appearance due to original spatial shapes and
outlines [6]. The advantages of the constructions have been found on the analysis of previously conducted
studies, but the lack of feasibility study creates obstacles to the implementation in practice of construction.
Therefore, it is hecessary to prove the effectiveness of the spatial grid-cable steel-concrete composite slabs
toincreaseinterest and implementation them in the real sector of the construction.

The purpose of study isto calculate of technical and economic parameters of the spatial grid-cable
steel-concrete composite slabs and validity of feasibility of using them in different buildings and structures.

Research results. It is necessary to perform the calculation of the technical and economic
parameters and to assess the advantages the new construction compared with existing analogues to
determine the scope of the spatial grid-cable steel-concrete composite slabs. A cell of aroof of a one-story
industrial building with span of 30 m and 6 m column step has been taken for comparative analysis. Firstly,
the analysis of the weight has been conducted between of the spatial grid-cable steel-concrete compasite
(SGCSCC) dab 6 x 1 m (Table 1) and typical series of reinforced concrete slabs (Fig. 4).

Bolted

connection The spati al
module

Fig. 1. The section of the spatial grid-cable steel-concrete composite shell
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1=90 mm, kf=4 MM

Fig. 2. The bottom chord of the spatial grid-cable steel-concrete composite dab:
1 —steel plate; 3 —steel cable

Fig. 3. The supporting (a) and span (b) spatial modules of the spatial grid-cable steel-concrete composite dab:
1 —the detail for connections; 2 —the supporting element; 3 —the top chord; 4 —the diagonal

a b
Fig. 4. Bolted connections on top chord (a) and bottom chord (b)
Table 1
The weight of the spatial grid-cable steel-concrete composite slab (Ixbxh=6x1x0.57 m)

No Element Number of' ' Weight, kg

elements, unit Unit Result Tota
1 The supporting spatial modules 2 152.6 305.2
2 The span spatial modules 5 118.8 594.4 931.2
3 The bottom chord 6 4.10 24.6
4 Other details - - 7.0
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Fig. 5. Weight of the construction

Slabs that have been compared, are designed for load within 200-300 kg/n? (Fig. 6), therefore the
ratio of weight dlabs to their bearing capacity was determined for a more objective assessment of
effectiveness of the design (Fig. 7).

300
0 / 240
E 230
250
= 200
200
'S
S 150
5
=Ell 100
5 50
&=
0
2PGe-1 PG-ZAtVt PV-4-2 PL 6-3 2PGe-1 SGCSCC
ATllvt AtV AtVt Alllw slab
Fig. 6. Bearing capacity of the construction
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Fig. 7. Theratio of weight dabs to their bearing capacity
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series of concrete slabs at 32—72 % with the same load capacity (Fig. 7).

It have been found that the spatial grid-cable steel-concrete composite slab is lighter than a typical

After this, the comparison has been made between the complexity of the roof erection from the

spatial grid-cable steel-concrete composite slab (Table2) and typical prefabricated reinforced concrete
structures (Table3) for one-storey industrial building span of 30 m and 6 m column step. The
laboriousness has been calculated for one cell of the roof 30x6 m. The spatial grid-cable steel-concrete
composite roof system is an assembled unit from two grid-cable steel-concrete compasite slabs that have
been collected from 20 spatial modules (Fig. 8). Units and modules are interconnected by means of bolted

connections.
Table 2
The laboriousness of the roof erection from the spatial grid-cable steel-concr ete composite slab
. . Amount of Laboriousness
Ne Operation Unit work man-hour machine-hour
1 |Unloading of elements, cables, etc. 100t 0.24 2.38 1.19
1 unit 20.0 3.60 0.80
2 | Consolidation of elementsin the spatial units - - - DN
1T 1.89 1.04 0.2
3 Ingallation of cables (the bottom chord 1 cable 20 20 i
elements)
4 | Ingallation of bolts 100 pcs. 0.54 7.77 -
CS. 1.0 22.8 3.3
5 | Assembling the spatial units — T - —
1T 1.89 2.47 0.34
Total 42.06 5.83
Table 3

The laboriousness of the roof erection from typical prefabricated reinforced concrete structures

Ne Operation Unit Amount of Laboriousn&s'
work man-hour | machine-hour

1 Unloading of el ements (truss) 100T 0.34 1.16 0.58

2 Unloading of el ements (dabs) 100T 0.24 1.10 0.55

3 Assembling elements (truss) 1 dement 2.0 24.2 4.84

4 Qm ing e ements (dabs), the surface area 1 pes. 10.0 13.2 3.30

5 Welding of joints 10m 1.0 3.20 -

6 Concreting joints 100 m 0.90 3.87 -

Tota 46.73 9.27

A 4
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<

Fig. 8. The cell of the spatial grid-cable steel-concrete composite roof system:

1 —beam; 2 —the spatial grid-cable seel-concrete composite slab; 3 — support;
B — column step, 6 m; L — span of building, 30 m
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Fig. 9. Technical and economic comparison of the construction laboriousness
of the spatial grid-cable steel-concrete composite and traditional reinforced concrete roof systems

It have been found that the spatial grid-cable steel-concrete composite roof systemis lighter at 37 %
than a traditional reinforced concrete roof system are made from typical series of concrete slabs (Fig. 8).

Conclusion. The spatial grid-cable steel-concrete composite slab is the new kind of a construction
for long-span roof systems and shells. The main feature of the construction is the structural concept. This
construction consists of the diagonal members, the top and the bottom chords. The spatial grid-cable steel-
concrete composite slab consists of some number of the spatial steel-concrete modules. The modules are
connected to each other in nodes by using special bolted connections. The top chord are made of reinforced
concrete slab and the bottom chord are made of steel cables. Calculations of technical and economic
indicators were solved on the example of one section of the roof of the size of 30x6 m. These data
demonstrate the effectiveness and feasibility of studied structures in the shells of buildings and structures
of various function. The studies show that the use of the spatial grid-cable steel-concrete composite slab
allows reducing the weight of the roof by 32—72 %, the man-hour by 10 % and the machine-hour by 37.1
% in comparison with existing anal ogues.
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