36ipHUK HayKkoBHX nmpanb. ['any3eBe MalIuHOOy1yBaHHS, OyTiBHUIITBO
Academic journal. Industrial Machine Building, Civil Engineering
http://journals.nupp.edu.ua/znp
https://doi.org/10.26906/znp.2021.56.2518

UDC 624.016:624.046.2
Deformability of bends continuous three-span
preliminary self-stressed steel concrete slabs

Hasenko Anton'*

! National University «Yuri Kondratyuk Poltava Polytechnic»  https://orcid.org/0000-0003-1045-8077
*Corresponding author E-mail: gasentk@gmail.com

Continuous steel reinforced concrete structures with the use of monolithic reinforced concrete slab as a compressed part of the
section and steel profile part as stretched are widely used in civil building. However, the continuous monolithic reinforced
concrete slab is uneven due strength to the different values of the support and span moments of the extreme and middle spans.
The conducted experimental researches confirm expediency of the development of a two-stage method of manufacturing (con-
creting) of continuous multi-span monolithic reinforced concrete slab on fixed formwork (the first stage - concreting of the
middle span; the second stage - concreting of the extreme spans) in order to balance the level of deflections in all spans slab.
The proposed method allows to effectively use the load-bearing capacity of the continuous slab's reinforcement with the same
support installation step of the steel reinforced concrete floor.

Keywords: civil building, experimental research, steel concrete continuous slab, two-stage method of concreting.
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BaraTtonporinzi 3ruHaHi cTane3ani300eTOHHI KOHCTPYKIIT i3 32aCTOCYBaHHSAM MOHOJITHOI 32113006 TOHHOT IUTHTH Yy SIKOCTI CTH-
CHYTOT YaCTHHH Iepepizy Ta cTaneBoi mpodiIbHOI YaCTHHHU y SKOCTI PO3TATHYTOI J0Ope 3apeKoMeHayBau cebe 3a paxyHOK
BHCOKOI TEXHOJIOTIYHOCTI BIIALITYBAaHHS Ta 3HAYHOI EKCIUTyaTal[iiHOT HeCy4o1 3[JaTHOCTI SIK B IMBLIBHOMY, TaK i B IPOMHUCIIO-
BoMy OynaiBHuUTBI. [IpoTe HEpo3pi3Ha MOHOJITHA 3a1i300€TOHHA [UIUTA, [I0 BIALITOBAHA I10 CTAJIEBHX 0ajKax PO3MILICHHUX 3
OJIHaKOBUM KPOKOM, i/l Ai€I0 eKCIUTyaTaliifHOro HaBaHTAXXCHHS [IPY OJHAKOBOMY apMyBaHHI KpaiHiX i cepeaHiX MpobOTiB
Ma€e He OJHAKOBHUI PiBEHb HATPYKEHb 32 PAXyHOK Pi3HHX 3HAUCHb OMOPHUX Ta MPOJHOTHUX MOMEHTIB KpaifHiX i cepemHix
NPOJIBbOTIB. 3MEHIICHHS KPaiHiX MIPOJIbOTIB HIIIXOM 3MIHHOTO KPOKY BCTAHOBJICHHS CTAJICBUX 0AJIOK € HE3PYYHHM i3 TEXHO-
JIOTIYHOI TOYKH 30pY, TaK SK BUMarae JOJATKOBHX IHIMBIIyalbHUX KOHCTPYKTUBHHUX DilllCHb BIALITYBaHHS HEPETYISPHHX
orop mix ni 6anku. J{s BpiBHOBa)XKEHHS PiBHSI BUKOPHCTAHHS HECY4O0I 3aTHOCTI MOHOJIITHOI IUTUTH HEPO3Pi3HUX OaraTorpo-
TIHHHX CTaJIe0eTOHHUX IUTUT 3alIPOIIOHOBAHA IBOSTAIIHA METOJUKA X BUrOTOBJIEHH: (OeToHyBaHH:). CyThb miel MeToquku Oe-
TOHYBaHHsI IIOJISITa€ Y CTBOPEHHI HOMEPEeIHIX CAaMOHAIIPYKEHb (HANPYKEHb, IPOTHUIICKHUX TUM, 110 BUHUKATUMYTh Yy IpoLeci
eKCIUTyaTallil) CTPYKTYpPHUX YaCTHH KOHCTPYKLIi BUKIIOYHO BiJ TX BIIACHOI Baru Ta TEXHOJIOTIi BUTOTOBJIEHHs Ge3 3acTocy-
BaHH IHIIUX 3aXOJiB MONEPEIHBOI0 HAMPYXKEHHs (MEXaHIYHOTO, eJIEKTPOTEPMITHOTO YH eJIeKTpOoTepMOMeXaHiqHoro). ITix
Yac nepuIoi Yeprd BUTOTOBJICHHS IUIMTH BUKOHYETHCS OCTOHYBAHHS CEPEJHBOTO IPOJIbOTY B XOJ1 SKOTO BiJl BIACHOI Baru
0ETOHY CTBOPIOIOTBCS IIONEPEIHI CAMOHAIPYXKEHHSI CTaJIeBOl YaCTUHU Iepepily KpalHiX MpOJibOTiB (BUTHMH BBEpX CTajIeBOL
YaCTHHH IIPOTUIISIKHO eKCILTyaTamiiHomy). Ilicis Habopy GeToHOM mepiroi uepru 6eTOHyBaHHS MIITHOCTi, BAKOHY€ETHCS ApyTa
yepra GeTOHYBaHHI KpaiHIX IIPOIBOTIB B XO/II YOTO CTBOPIOIOTHCS MOIEPEIHI CaMOHANPYKEeHHsI OETOHHOI YaCTHHH Hepepizy
BUT'OTOBJICHOTO 32 MEPIINM E€TAallOM CEPEIHBOIO MPOJbOTY (BUI'MH BBepX OeToHHOI YacTiHH). [IpoBeeHi ekcriepuMeHTalbHi
JOCII/DKCHHS IBOX 3Pa3KiB HEPO3Pi3HUX TPUIPOTiHHUX CTaJeOCTOHHUX IUIMT, BUTOTOBJICHUX 32 3alIPOIIOHOBAHOIO JBOCTAII-
HOIO METOJMKOI0, MiATBEPANIIH, 110 32 PaXyHOK 3MIiHHOI B IIPOLIECi BUTOTOBIICHHSI )KOPCTKOCTI MEPEPi3iB CEPEeAHBOTO Ta Kpaii-
HIX HPOJIBOTIB IUTUTH MOXKJIMBO BPiBHOBA)KYBAaTH PiBEHb OJHOYACHOTO BHUYEPITyBaHHS HECY4Ol 3AaTHOCTI IUIMTH Y BCiX IPO-
JTBOTAX

Kawu4osi ciioBa: neoeranuuii MeTo OETOHYBaHHS, EKCIIEPUMEHTAIBHI JOCIIIKCHHS, CTAICOCTOHHA HEPO3pi3Ha TUIUTA, -
BUIbHE OYIIBHHUIITBO
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Introduction

Bent steel reinforced concrete structures consist of
steel load-bearing beams, which work mainly in ten-
sion, and a concrete shelf, which works in compression
and at the same time performs the functions of a rigid
disk and a solid plate. These constructions are widely
used in civil and industrial buildings [1]. To increase
the size of the spans and reduce the cross section of the
floor slabs, the latter performs a continuous static-inde-
terminate multi-run scheme. Also to reduce the cross-
sectional height of the steel beam, it is combined for
joint work with the concrete shelf with the help of spe-
cial design solutions. Combining steel and concrete
cross-sectional parts of the structure into joint work in-
creases the overall load-bearing capacity and reliability
of the structure [2-3].

Thanks to a specially structure or technology for the
manufacture of bent steel reinforced concrete structures,
scientists achieve in them the redistribution of stresses
between their structural parts and the self-stress of indi-
vidual elements from their own weight or mounting tech-
nology [4]. Thus, preliminary self-stresses are created,
opposite to those that arise during the operation of struc-
tural parts of steel reinforced concrete structures.

Review of the research sources and publications

Preliminary stresses in steel concrete structures can be
created by the following measures: use of stress cement
for preparation of concrete mortar [5], provision of de-
sign measures for additional compaction of fresh con-
crete mortar (centrifugation in individual tubular con-
crete elements of spatial steel concrete structures) [6], or
for preliminary reinforcement (sprungs) [7-8], changes
the free-body diagrams of the transverse frame [9-10],
changes in the geometric characteristics of the section or
the design scheme of the elements in the manufacturing
process, specially developed step-by-step technology for
the manufacture of structures [11], etc.

High-tech and high load-bearing capacity are distin-
guished by reinforced concrete planar structures with
the use of profiled decking as a fixed formwork and ad-
ditional reinforcement of the slab [12-13].

Definition of unsolved aspects of the problem

Continuous monolithic reinforced concrete slab, ar-
ranged on steel beams placed with the same pitch, un-
der the action of operating load with the same reinforce-
ment of the extreme and middle spans has not the same
stress level due to different values of reference and span
moments of the extreme and middle spans. Reduction
of extreme spans by a variable step of installation of
steel beams is inconvenient from the technological
point of view as it demands additional individual con-
structive decisions of the device of irregular support un-
der these beams.

Problem statement

The purpose of this work is to develop and experi-
mental study of a special method of concreting two
stages of continuous three-span monolithic slab of re-
inforced concrete structure, which will create a pre-
stress opposite to that which will occur during opera-
tion, structural parts of the structure solely from their
own weight and manufacturing technology without
other mechanical, electrothermal or electro thermome-
chanical pre-stressing measures.

Research methods

A set of complementary methods of theoretical and
experimental research was used to solve the defined
tasks and achieve the set goal:

— methods of system and comparative analysis in the
development of the prototypes design of reinforced
concrete slabs;

— experimental methods for studying the stress-strain
state and load-bearing capacity in tests of preliminary
self-stressed reinforced concrete slabs;

— methods of mathematical statistics in the analysis of
the experimental studies results of preliminary self-
stressed reinforced concrete slabs.

Basic material and results

To optimize and balance the level of the load-bearing
capacity of the monolithic slab in steel reinforced con-
crete bent structures, it is proposed to use a two-stage
method of installing a monolithic slab in the reinforced
concrete floor.

During the first stage of concreting (see fig. 1, a), a
monolithic concrete slab is arranged through the span.
Usually, first of all, it is necessary to concrete medium
spans as during operational loading they have a greater
margin of bearing capacity (see fig. 1, c¢). The grips'
width in the monolithic plate arrangement is adjusted ac-
cording to the location of zero bending moments’ points
on the diagram of internal forces along the beam’s
length. It should be noted that the options for concreting
grippers allow making these supports at the time of the
second stage of concreting more rigid or hinged (so-
called "imaginary hinges" are created). At this stage, the
steel part of the section (steel beams or profiled sheet) in
the concreting areas from the weight of freshly laid mor-
tar bends down and thus causes other parts of the section
steel part in the "free" spans to bend up.

After the concrete gains the design strength of the first
stage, perform concreting of the floor and other parts. At
this stage (see fig. 1, b), the concreting areas are bent
downwards due to the weight of freshly laid concrete,
thus forcing the sections of the concreting first stage (al-
ready reinforced concrete section) to bend upwards. At
this stage, the deflections values in adjacent spans can be
adjusted by steel and reinforced concrete sections’ stiff-
ness, as well as the supports sections’ stiffness.

The expected resource-saving result of the developed
monolithic slab installation method: it is possible to cre-
ate preliminary stresses opposite to the operating stresses
in the steel part of the floor section, located in the spans
of the concreting second stage, and the monolithic rein-
forced concrete slab of the concreting first stage.
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Figure 1 — The stages of the manufacturing preliminary self-stressed steel concrete slab

For experimental research of the offered technique of
the monolithic plate installation, two samples of rein-
forced concrete continuous slabs were made on non-re-
movable formwork from profiled steel sheeting, ar-
ranged according to a three-span scheme. Three spans
lengths are equal: 1900-1900-1900 mm. Two test sam-
ples were made and tested in two stages. First, the mid-
dle span was concreted, and after the concrete strength
of this design set, the extreme spans were concreted.
The two samples differed in the grippers’ width at the
two concreting stages, as shown in Fig. 2-3.

The first experimental sample steel reinforced con-
crete slab is marked 1,7-2,3-1,7 CRCS 0,53%6,0
(see fig 2). For the first sample, the length of the section
of the concreting first stage was equal to 2300 mm (see
fig 2, b). This length comes out on 1/10 of the span out-
side the middle supports to the extreme spans. Accord-
ingly, the length of the concreting second stage was
1700 mm (see fig 2, c). For this sample at the time of
the concreting second stage, the middle supports were
more rigid compared to the stiffness of the span parts
of the outer spans’ slab. That is the middle supports
were relatively rigid.

The second experimental sample steel reinforced con-
crete slab is marked 2,1-1,5-2,1 CRCS 0,53%6,0
(see fig 3). For the second sample, the length of the sec-
tion of the concreting first stage was equal to 1500 mm
(see fig 3, b). This length comes in on 1/10 of the span

to the middle span. Accordingly, the length of the con-
creting second stage was 2100 mm (see fig 3, c).
For this sample at the time of the concreting second
stage, the middle supports had the same stiffness as the
stiffness of the span parts of the outer spans’ plate. That
is a "nominal hinge" was artificially created on the mid-
dle supports.

The overall size of the samples in the plan was
6,0x0,53 m. The external fixed formwork was profiled
steel sheeting type K35-0,5 (here 35 is the height of the
profiled steel sheeting in mm; 0.5 is the thickness of
this profiled steel sheeting in mm). The height of the
concrete shelf above the upper corrugation of the pro-
filed flooring was 35 mm. Thus, the total height of
plates was equal to 70 mm.

Reinforcement of the monolithic slab is made of rods
with a diameter of 4 mm in the stretched zone of con-
crete in each wave of the profiled flooring (see Fig. 4,
a). The yield strength of this rods steel equals
1300 MPa. For joint work of the profiled steel sheeting
and a concrete slab used vertical anchors with a diame-
ter of 4 mm and a length of 60 mm (see Fig. 3, a-b),
installed in each wave of the profiled steel sheeting with
a step of 100... 200 mm (see Fig. 4, b). The top of the
adjacent waves’ anchors was connected in the trans-
verse direction by rods with a diameter of 4 mm and
length of 500 mm.
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First experimental sample 1,7-2,3-1,7 CRCS 0,53x6,0

g the second stage g l ) l 5 | thesecond stage g

X . Y| the first stage of concreting 1 & . N

a) §; of concreting % % of concreting §;
I I

1700 mm 2300 mm 1700 mm

Figure 2 — First experimental sample of steel reinforced concrete three-span continuous slab
on a non-removable formwork from a profiled steel sheeting:
a) scheme of grippers concreting samples; b) view of the sample after the first stage of concreting;
c) view of the sample after the second stage of concreting
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Figure 3 — First experimental sample of steel reinforced concrete three-span continuous slab
on a non-removable formwork from a profiled steel sheeting:
a) scheme of grippers concreting samples; b) view of the sample after the first stage of concreting;
c) view of the sample after the second stage of concreting
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Figure 4 — Reinforcement of one monolithic slab span:
a) general view; b) the step of installing anchors in the lower wave of the profiled steel sheeting
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Measuring instruments during the research were in-
stalled symmetrically, taking into account the possibil-
ity of duplication of different instruments readings at
characteristic points, in areas with the most expected
values of deformation, or areas of possible destruction.
When the load reached 80% of the limit, devices that
could be damaged were removed from the sample.

To measure the vertical deflections of the profiled
steel sheeting during concreting from the own weight
of freshly laid concrete mortar and during the experi-
mental load, clock-type indicators IC-10 were used. Di-
vision price of indicators IC-10 equal 0.01 mm. Limit
of displacement measurements of indicators IC-10
equal 10 mm. Figure 5 shows the layout of the indica-
tors along the length of the samples.

Experimental samples loading of reinforced concrete
slabs was carried out at the age of concrete for more
than 28 days. Prior to the tests, the readiness of the test
rig was tested: the correct position of the test structure,
test loads of the structure check the correctness of the
installation of devices and their ability to measure de-
formations, ease of loading structures, and ease of read-
ing on measuring instruments, consistency of test crew
members.

The loading was performed by artificial small-sized
loads — ceramic hollow bricks (see Fig. 6). To deter-
mine the weight of the brick, a selective weighing was
performed: 5 bricks out of each 50 bricks used (i.e. ap-
proximately 1/10 of the total number of bricks used for
loading were weighed).
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Figure S — Scheme of installation of clock-type indicators IC-10

As a result of experimental studies of two samples of
steel reinforced concrete slabs, a significant amount of
information on their deformability and strength under
different schemes of their loading is presented. The fol-
lowing are only the most characteristic results for each
sample with a uniform length of loading.

According to the results of previously conducted sep-
arate studies of physical and mechanical characteristics
of the materials used, it is established that the materials
(steel and concrete) adopted for the manufacture of test
samples have physical and mechanical properties char-
acteristic of materials used in building design. The var-
iability of concrete strength according to the results of
tests of standard cubes, depending on the design class
and group of samples was 8.05-21.4%; variability of
steel strength was 2.7-4.7%.

Experimental studies of samples of steel reinforced
concrete slabs were delayed in time, which is associated
with the time of a concrete set of monolithic reinforced
concrete slabs of design strength. Manufacturing,

namely concreting of samples of reinforced concrete
slabs, was performed in two stages (see fig. 2-3).
Therefore, the total production time of samples of steel
reinforced concrete slabs was about two months. In the
manufacturing process at each stage of concreting were
measured deflections in the characteristic cross sections
of'the sample by weight of freshly laid concrete mixture
(see Fig. 5). Below is an analysis of the change in de-
flections along the length of the sample during the two
stages of manufacture and the actual payload.

When loading only the profiled steel sheeting type
K35-0,5 brick, deflections of the extreme spans of the
plate were 3.8 times less than the deflections in the mid-
dle span.

For sample Nel with concreted middle supports in the
first stage of production, the weight of the concrete
mortar of the second stage (concreting of the extreme
spans) did not affect the deflections of the middle span
(see Fig 7). However, during the payload of this sam-
ple, the deflections were leveled in all three spans.
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For sample Ne2 with non-concreted middle supports
at the first stage of production, the weight of the con-
crete solution of the second stage (concreting of the ex-
treme spans) equalized the deflections in all three spans
(see Fig. 8). However, during the payload of this sam-
ple, the deflections of the extreme spans were 1.75
times greater than the deflections of the middle span.

Figures 7 and 8 show graphs of maximum deflections
along the length of samples of steel reinforced concrete
slabs at the end of the two stages of concreting and at
maximum load with a small load — hollow ceramic
brick.

As can be seen from these graphs of deflection
changes, the arrangement of concreting of the first stage
outside the middle supports allows to regulate the de-
velopment of deflections in the extreme and middle
spans and as a result, balances their values in order to
simultaneously exhaust their load-bearing capacity.

Due to the two-stage method of manufacturing steel re-
inforced concrete slabs, it is possible to change the stiff-
ness of the sections in the manufacturing process and
thus achieve optimal deflections along the length of the
continuous structure.

The destruction of steel reinforced concrete slabs oc-
curred suddenly as a result of cracks in the upper zone
of concrete on the middle supports, in the area of max-
imum bending moment in the stretched area in the up-
per section fibers.

Thus, the used test method and the adopted measuring
instruments and schemes of their placement allowed to
obtain the necessary objective experimental data on the
development of deformations and the nature of the de-
struction of the studied samples.
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Figure 7 — Change of deflections along the length of the first sample 1,7-2,3-1.7 CRCS 0,53%6.0
at the end of two stages of concreting and at maximum payload
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Figure 8 — Change of deflections along the length of the second sample 2.1-1.5-2,1 CRCS 0,53%6.,0
at the end of two stages of concreting and at maximum payload

Conclusions

According to the results of tests of samples of rein-
forced concrete slabs to study the effect of the two-stage
method of concreting monolithic slabs of reinforced con-
crete bent structures on the balance of the level of use of
its load-bearing capacity, the following is:
— developed a two-stage method of concreting of con-
tinuous multi-span monolithic reinforced concrete slab
on fixed formwork (the first stage — concreting of mid-
dle span; the second stage — concreting of extreme
spans) allows to adjust deflections to balance the level
of depletion in all bearing capacity of the slab;

— installation of concreting of the first stage (concreting
of the middle span of the slab) outside the middle sup-
ports, allows to regulate the development of deflections
in the extreme and middle spans by changing the stiff-
ness of the cross section on the supports;

— the proposed method of uniform use of the bearing
capacity of three spans can reduce deflections or in-
crease the payload by 35%.
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