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ANALYSIS OF STRESS-STRAIN STATE OF THE STEEL-CONCRETE
COMPOSITE RIBBED SLAB AS A PART OF THE SPATIAL GRID-
CABLE SUSPENDED STRUCTURE

The nature of deformation and stress distribution in steel-concrete ribbed composite slab
that is part of the space module of the steel and concrete grid-cable composite structure with
span of 30 m were investigated. The plate was made with 20 mm thick and the size in terms
1.5x1.5 m. The plate has 30 mm height and 50 mm width ribs that giving the plate additional
rigidity. Strengthening steel-concrete composite plate is provided with woven nets from steel
wire by a diameter of 0.9 mm and a cell size of 12x12 mm. Connections woven reinforcing nets
with each other is performed using embedded parts. The ribs were reinforced with rods of class
A400C diameter of 6 mm. The design is made from the fine concrete C25/30. Analysis of stress-
strain state the design was made with a numerical method. For the modeling of the physical
and mechanical properties of the materials of the plates have been reduced characteristics. The
main parameters were reduced modulus of elasticity plate and ribs.

Keywords: steel-concrete composite material, plate, modulus of elasticity, stress-strained
state.

Cmopooicenxo JIL1., 0.m.n., npoghecop
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Ilonmascvkuii HayionanbHuti mexHiynuil yHieepcumem imeni FOpisi Konopamioxa

AHAJII3 HAIIPY)KEHO-IE®@OPMOBAHOT'O CTAHY
APMOIIEMEHTHOI PEBPUCTOI IIVIUTH, SIKA € YACTUHOIO
IMPOCTOPOBOI CTPYKTYPHO-BAHTOBOI KOHCTPYKIII

Hocniooceno xapaxmep OegopmyeanHs ma po3nooil HANPYHCEHb 8 aApMOYeMeHmHIl
pebpucmiii.  naumi, AKA € YACMUHOW NPOCMOPOBO20 MOOYISL CMPYKMYPHO-8AHMOBOL
cmaneszanizobemonnoi koncmpykyii nporvomom 30 m. I[lnuma euxonana moswunoio 20 Mm i
posmipamu Ha naawi 1,5%1,5 m, mae pebpa sucomoro 30 mm i wupurnoro 50 mm, sKi HaoarOmMo
naumi 000amKo80i HCOpCMKOCMI. 3MiyHeHnHs naumu 3a0e3nedeno NniemeHuMu CimKamu 3i
cmanesoeo opomy odiamempom 0,9 um i posmipom yapyuku 12x12 mm. 3’eonannsn niemenux
APMYBANbHUX — CIMOK  Midc co00I0  BUKOHAHO 3a  OONOMO20I0  3AKAAOHUX — Oemaiel.
Pebpa swcopcmrxocmi apmosano cmpusicnesoro apmamyporo knacy A400C diamempom 6 mm.
Koncmpyxyiio eueomoeneno 3 opionozeprnucmozo o6emony mapku 300. Ananiz nanpysiceno-
oepopmosano2o cmamny O0O0CHIONCYBAHOI KOHCMPYKYIL BUKOHAHO 3d OONOMO20I0 YUCETbHO20
mMemooy. [na mooentosanHsa @HizuKo-mMexaHivHux eiacmueocmeti mamepianie naumu 6y10
sugedeno npusederi xapaxmepucmuxu. OCHO8HUMU napamempamu OVIU NPUBeoeHi MoOYi
APYACHOCIE NAUMU § peOP HCOPCMKOCHI.

Knrouoei cnosa: cmanesanizobemon, nauma, MoOYib NPYHCHOCMI, HANPYHCEHO-
degopmosanuii cman.
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Introduction. The development of the construction industry needs to change and
implementation of the latest designs. The obligatory condition for a successful implementation
of design concepts into real sector of the construction are their researching and compliance with
today’s requirements. The design that completely satisfies these requirements is the steel and
concrete grid-cable suspended composite (SCGSC) structure this is the rod-plate system that
has the modern concept. The originality of this concept lies in combining in a structure of
various elements, the effectiveness of which is determined by the terms of their particular
location in structure. The SCGC construction consists of three structural elements: a lattice, a
top and bottom chords. As the bottom chord, use the steel-concrete composite ribbed (SCCR)
slab.

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
[1 — 3]. There are research papers that described the study of stress-strain state of individual
elements of the SCGC structures or small-scale samples and models with experimental and
theoretical ways [4] among a number of research papers that aimed at studying the steel and
concrete composite constructions [5 — 10].

The method of computer modeling describes in [11] to calculate steel and concrete
composite slabs. There is a calculation of the steel and concrete composite slabs with steel belt
contour in [12].

Highlight unsolved parts of the general problem. The analysis of previous works has
shown that full-size samples of the SCCR slabs for the SCGSC structure have not studied yet.
This is the reason and given the importance of the confirmation of the reinforcing efficiency of
the invention, the research of the stress-strain state of the SCCR slab is actual subject.

Formulation of the problem. Task consists in study the stress-strain state of the full-size
samples SCCR slabs using the results of previous studies and given the features structural
concept.

The main material and results. Calculation was made on the example of the
SCGSC shell with span 30 m (Fig. 1). The shell consists SCCR slabs with 20 mm thick and the
size in terms1.5x1.5 m (Fig. 2). The plate has 30 mm height and 50 mm width ribs that giving
the plate additional rigidity. Strengthening steel-concrete composite plate is provided with
woven nets from steel wire by a diameter of 0.9 mm and a cell size of 12x12 mm. Connections
woven reinforcing nets with each other is performed using embedded parts. The ribs were
reinforced with rods of class A400C diameter of 6 mm. The design is made from the fine
concrete C25/30.
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Figure 1 — The steel and concrete grid-cable suspended composite shell:
1 —a column; 2 — a bottom chord;
3 — the steel-concrete composite ribbed (SCCR) slab; 4 — a lattice
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Figure 2 — The steel-concrete composite ribbed (SCCR) slab (a)
and the reinforcement of SCCR slab (b)

Analysis of stress-strain state of the SCCR slab has investigated with the FE method.
For this had been defined physical and mechanical properties of materials by experimental way
(Fig. 3) and the average modulus of elasticity for different parts of the SCCR slab by the
method described by E. Lysenko (Fig. 4, a). There is the boundary conditionals on Fig. 4, b.
The result of the solving is contours of stresses (Fig. 5 — Fig. 7) of the SCCR slab.
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Figure 3 — The stress-strain curve:
a) concrete C25/30; b) steel reinforcement A400C
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Figure 4 — The average modulus of elasticity for different parts of the SCCR slab (a)
and boundary conditionals (b)
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Figure 5 — The solid Von Mises stress contour, N/m?:
a) top of the SCCR slab; b) bottom of the SCCR slab;
¢) criteria levels of the stress contour

There is the Solid Von Mises Stress contour on the Fig. 5 shows that maximum stresses
have appeared in the ribs. The value of the maximum stresses in the ribs higher than stresses in
the middle of slab almost in two times 5.97 MPa /3.18 MPa=1.88. It means ribs were involved
in the joint operation together with SCCR slab.
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Figure 6 — The solid mean stress contour, N/m?:
a) top of the SCCR slab; b) bottom of the SCCR slab;
¢) criteria levels of the stress contour

There is solid mean stress contour on the Fig. 6 shows zones where compressive and
tensile stresses have appeared. The compressive and tensile stresses are approximately equal
among themselves. There are mean stresses in the ribs have changed sign from «+» at the end
to «—» at the middle point of the rib. It means the SCCR slab has been bended. There are mean
stresses in the slab have decreased from the middle to the end radially.
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Figure 7 — The solid X normal stress contour, N/m?:
a) top of the SCCR slab; b) bottom of the SCCR slab;
¢) criteria levels of the stress contour
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Figure 8 — The comparison of cracks in the experimental model (a)
and the numerical model (b)
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Figure 9 — The height of the compressed zone along the axes X
and Y of the SCCR slab
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Fig. 8 shows a comparison of cracks in the experimental model with the numerical
model. It is evident that the stress-strained state of the experimental model and the numerical
model is similar. If we trace an imaginary curve between stresses with different signs, we get
direction of cracks formed in the experimental sample. Fig. 9 shows height of the compressed
zone along the axes X or Y and obviously that it lower in the middle than at the sides.

Conclusions. The method described by E. Lysenko allows to obtain the average elastic
modulus are used for numerical modeling behavior of the SCCR slab under load. Contour of
the stresses and displacement were obtained with modeling behavior of the SCCR slab.
Analysis of stress-strain state of the SCCR slab showed similarity data with the results that
were obtained with experimental way. The stress state the SCCR slab indicates that ribs are
behavior compatibility with slab. All this data proves effectiveness of the reinforcement the
SCCR slab. It means that the SCCR slab can be designing with the FE method.

References

1. Gasii G. M. Technological and design features of flat-rod elements with usage of composite
reinforced concrete / G. M. Gasii // Metallurgical and Mining Industry. — 2014. —Ne 4 — P. 23 — 25.

2. Storozhenko L. I. Experimental research of strain-stress state of ferrocement slabs of composite
reinforced concrete structure elements/ L. I. Storozhenko, G. M. Gasii // Metallurgical and Mining
Industry. — 2014. — Ne 6. — P. 40 — 42.

3. New composite beams having cold-formed steel joists and concrete slab/ C.T.T. Hsu, S. Punurai,
W. Punurai, Y. Majdi // Engineering Structures. — Elsevier, 2014. — Vol. 71. — P. 187 — 200.

4. Cmopoocenxo JI. I.  IIpocmoposi  cmane3anizobemonHi  CmMpyKmypHoO-6aHmogi  nokpumms /
JI. I. Cmopooicenro, I'. M. 'aciii, C. A. I'anuenxo. — [lonmasa: TOB «ACMI», 2015. — 218 c.
Storozhenko L. 1. Prostorovi stalezalizobetonni strukturno-vantovi pokrittya / L. 1. Storozhenko,
G. M. Gasiy, S. A. Gapchenko. — Poltava: TOV «ASMI», 2015. — 218 s.

5. Behaviour and Design of Composite Steel and Concrete Building Structures / B. Uy, Z. Tao, D. Lam,
L. H. Han. — Boca Raton: CRC Press, 2016. — 400 p.

6. Oehlers D. J. Composite Steel and Concrete Structures: Fundamental Behavior/ D. J. Oehlers,
M. A. Bradford. — Elsevier, 2013. — 588 p.

7. Johnson R.P. Composite structures of steel and concrete - beams, slabs, columns, and frames for
buildings / R. P. Johnson. — Blackwell: Wiley-Blackwell, 2004. — 252 p.

8. Holomek J. Experimental and numerical investigation of composite action of steel concrete slab /
J. Holomek, M. Bajer // Procedia Engineering. — Elsevier, 2013. — Vol. 40. — P. 143 — 147.

9. Rowe M. Partial Shear Interaction in Deconstructable Steel-Concrete Composite Beams with Bolted
Shear Connectors/ M. Rowe, M. A. Bradford// Design, Fabrication and Economy of Metal
Structures. — Berlin Heidelberg; Springer, 2013. — P. 585 — 590.

10. Ranzi G. State of the art on the time-dependent behaviour of composite steel-concrete structures/
G. Ranzi, G. Leoni, R. Zandonini // Journal of Constructional Steel Research. — Elsevier, 2013. —
Vol. 80. — P. 252 — 263.

11. Bapabaw M. C. Memoou xomn’romepnozo Mo0eno8ants Ol PO3PAXYHKY CMAne3anizodemonHux
naum nepexkpumms / M. C. Bapabaw, O. 1. Jlanenxo // 36ipnux naykosux npays. Cepis: Ianyzese
Mawunobyoysanns, oyoisnuymeo. — llonmasa: HonmHTY, 2012. — Bun. 3(33). — C. 12 - 17.
Barabash M. S. Metodi komp’yuternogo modelyuvannya dlya rozrahunku stalezalizobetonnih plit
perekrittya / M. S. Barabash, O. 1. Lapenko // Zbirnik naukovih prats. Seriya: Galuzeve
mashinobuduvannya, budivnitstvo. — Poltava: PoltNTU, 2012. — Vip. 3(33). = S8. 12 - 17.

http://znp.pntu.edu.ua

12. Huoichux O. B.  be3zbanxosi  ma  wacmopeopucmi  cmane3anizobemonHni  nepexpumms /
O. B. Husicnux. — Ilonmasa: Buoaseyw Illesuenko P. B., 2012. — 380 c.

Nizhnik O. V. Bezbalkovi ta chastorebristi stalezalizobetonni perekrittya / O. V. Nizhnik. — Poltava:
Vidavets Shevchenko R. V., 2012. — 380 s.

© Storozhenko L., Gasii G.
Received 25.04.2016

86 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




