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Results of experimental studies of civil defense structures self-weight pre-
stressed continuous three-span steel-reinforced concrete slabs

The paper presents results of experimentally tested samples of resource-saving non-cut three-span steel-reinforced concrete
slabs that can be used for the construction of floors of civil defense structures. The specimens differed in the lengths of the
concreting grips, which made it possible to study the development of deflections in the extreme and middle spans due to changes
in the stiffness of the section at the supports. The length of the concreting section is determined by the points of zero bending
moments. During the first stage of concreting, the middle span of the steel structure bends downward due to the concrete mix's
own weight, which causes the extreme sections that are not under load to bend upward. After the concrete of the first stage
reaches the design strength, the concrete of the outer spans is concreted. At the same time, the extreme spans bend downward
due to the weight of the concrete mixture, forcing the middle span, which already has a steel-reinforced concrete section, to

bend upward.
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Introduction

The problem of ensuring a uniform stress distribution
in continuous steel—concrete composite slabs remains a
pressing issue in modern construction. The application
of prestressing technologies helps to reduce stress
irregularities; however, the question of effectively
inducing prestressing in experimental specimens of
such slabs has not yet been sufficiently investigated.
The study of this process is essential for improving the
service performance of structures and enhancing their
load-bearing capacity.

Review of the research sources and publications

Steel-concrete composite structures are employed
both in new construction and in the reconstruction of
buildings and facilities, achieved through the effective
combination of predominantly bar-type steel elements
and cast-in-place concrete [1]. Multi-span flexural
steel—concrete composite structures, in which the cast-
in-place reinforced concrete slab serves as the
compressed planar component of the cross-section and
the profiled steel member functions as the tensioned bar
component, have proven their effectiveness due to the
high constructability of their installation and their
substantial load-bearing capacity in both civil and
industrial construction [2; 3]. In addition, the cast-in-

place reinforced concrete slab provides a rigid
diaphragm for the floor system and enables the
subdivision of the building’s internal space into
multiple storeys [4].

Quite often, in order to improve the constructability
of such floor systems and reduce construction time, the
cast-in-place reinforced concrete slab is arranged on
permanent formwork made of profiled sheeting [5].
When composite action between the cast-in-place slab
and the profiled steel sheeting of the permanent
formwork is ensured through the ribbed surface of the
decking, such slabs become comparable to reinforced
concrete floor systems in terms of material
consumption, since the profiled sheeting functions not
only as formwork but also as external reinforcement of
the slab [6].

The aforementioned advantages of steel-concrete
composite slabs—namely, increased load-bearing
capacity and high installation efficiency—enable their
application in the construction of floor systems for
protective structures of civil defense facilities [7].
However, the wide implementation of this structural
solution in practice is limited by the absence of ribbed
profiled sheeting on the building materials market, due
to the more complex rolling technology required, as
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well as by the low fire and corrosion resistance of the
exposed bottom surface of the profiled steel sheeting.

With equal support spacing of continuous steel—
concrete composite slabs, the profiled sheeting of the
middle spans, when employed as the working
reinforcement of the slab, is subjected to lower stresses
than that of the end spans [8]. To achieve uniform
utilization of the load-bearing capacity of the profiled
sheeting in continuous steel-concrete composite slabs,
it is advisable to design the end spans longer than the
central span [9].

Definition of unsolved aspects of the problem
In modern construction, it is essential to ensure the
stability and durability of structures. One approach to
enhancing these performance indicators is the
identification of effective technologies and methods for
inducing prestressing in structural elements, which
contribute to achieving an optimal stress distribution
within them [10]. The study of this process enables the
identification of best practices applied in construction
and their subsequent implementation in production.

Problem statement

The aim of this study is to present the results of
experimental investigations of resource-efficient,
continuous three-span prestressed steel-concrete
composite slab specimens, which may be utilized in the
construction of floor systems for protective structures
of civil defense facilities.

Basic material and results
The tests of the steel-concrete composite slab
specimens were conducted when the concrete had

reached an age of more than 28 days. The loading was
applied using small-sized artificial weights—hollow
ceramic bricks. To determine the weight of the bricks,
a selective weighing procedure was performed: 5 bricks
were weighed from each batch of 50 used bricks (i.e.,
approximately 1/10 of the total number of bricks
employed for loading).

As a result of the experimental investigations of the
two continuous steel-concrete composite slab
specimens, data from measuring instruments installed
according to the developed schemes provided
information on both the slab deflections (deformability)
and longitudinal strains in the extreme fibers. These
measurements  allowed  for the  subsequent
determination of stresses and load-bearing capacity.

The experimental studies of the slab specimens were
extended over time due to the period required for the
cast-in-place reinforced concrete slab to attain its
design strength. As previously noted, the fabrication—
specifically, the concreting—of the slab specimens was
performed in two stages. Therefore, the overall
fabrication period for the steel-concrete composite slab
specimens was approximately two months. During
each concreting stage, deflections at characteristic
cross-sections of the specimen, caused by the weight of
the freshly placed concrete, were measured. An
analysis was conducted on the variation of deflections
along the length of the specimen and on the strains of
the normal cross-section throughout the two fabrication
stages and during the application of the service load.

Figure 1 shows the general view of one of the
specimens under loading with small-sized weights
(hollow ceramic bricks).

Figure 1 — General view of specimen 1.7-2.3-1.7 SCCS 0.53 x 6.0 under maximum loading.

Figure 2 presents the graphs of the maximum
deflections along the length of the steel-concrete
composite slab specimens at the end of the two
concreting stages and under the maximum applied
service load with small-sized weights. For a clearer
analysis of the influence of concreting segment width
on the deformability of the three-span slabs, the general
view of each tested specimen is shown above the
corresponding deflection graph.

Figure 3 illustrates the development of deflections in
the end and central spans at each stage of the steel—

concrete composite slab fabrication and during loading
with bricks. As can be seen from the deflection
variation graphs in Figure 3, extending the first
concreting stage beyond the intermediate supports
results in more limited adjustment of internal forces
during the second concreting stage, compared to
concreting the first stage up to the intermediate
supports. Consequently, the load-bearing capacity of
the continuous slab is exhausted in the central span,
where, at the moment of failure, deflections are 32%
greater than in the end spans.
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Figure 2 — Deflection variations of the specimens at the end of the two concreting stages and under maximum
applied load: (a) 1.7-2.3-1.7 SCCS (0.53 x 6.0 m); (b) 2.1-1.5-2.1 SCCS (0.53 x 6.0 m).

For the slab with the first segment concreted up to the
intermediate supports (specimen 2.1-1.5-2.1 SCCS
0.53 x 6.0), uniform deformability was achieved across
all three spans (Figure 3b), with a deflection difference
of 11.2% under maximum load.

Figure 4 shows the development of relative strains in
the bottom and top fibers of the cross-sections at the
midpoints of the left, central, and right spans of the
steel—concrete composite slab specimens as the load in
the cross-sections increased. The vertical axis
represents the total load applied to the specimen,
including its self-weight.

From the strain distribution diagrams in Figure 4, it
can be observed that, for the specimen with a steel—
concrete cross-section at the intermediate supports, at
the moment of the second concreting stage and under
the maximum applied load, the strain in the most
tensioned fiber of the central span is 12.5% higher than
in the end spans. For the second specimen, the

corresponding strain difference in these cross-sections
is 4.1%. Moreover, the maximum tensile strains in the
second specimen under the same load level decreased
by 44.7%.

Thus, based on the measurements of relative strains,
the same conclusion regarding the segment lengths in
two-stage concreting can be drawn as from the analysis
of deflection development: for the investigated
continuous three-span slabs with an external
reinforcement ratio of 1.7% provided by the profiled
sheeting, the first concreting stage should not extend to
the intermediate supports by 1/10 of the span. Under
this condition, the exhaustion of load-bearing capacity
and deformability across all three spans occurs at the
same level of applied external load. In this case, the
steel decking in the span areas acts solely in tension,
and the load-bearing capacity is governed by the
attainment of yield stresses in the bottom flanges of the
profiled sheeting.
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Figure 3 — Deflection development in the spans of steel-concrete composite slab specimens during each fabrication
stage and under applied loading: (a) 1.7-2.3-1.7 SCCS (0.53 % 6.0 m); (b) 2.1-1.5-2.1 SCCS (0.53 x 6.0 m).
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Figure 4 — Increments of relative strains in the bottom and top fibers of the cross-sections of the steel-concrete
composite slab specimens: a) 1.7-2.3-1.7 SCCS (0.53 x 6.0 m); b) 2.1-1.5-2.1 SCCS (0.53 % 6.0 m)

Failure of the steel-concrete composite slabs
occurred suddenly due to the formation of cracks in the
top concrete zone at the intermediate supports (on the
support face closer to the central span; see Figure 5), in

a)

The proposed and experimentally investigated two-
stage concreting technology for continuous cast-in-
place steel-concrete floor slabs was implemented
during the construction of a three-story superstructure
atop a three-story public building in Poltava. Figure 6
shows the general view prior to casting the cast-in-
place reinforced concrete slab of the steel beam
framework, with the profiled permanent formwork in
place and flexible anchors made of reinforcing bars

the region of maximum bending moment within the
tensile zone of the top fibers of the cross-section. No
relative slip between the concrete slab and the steel
decking was observed.

b)

Figure S — Crack formation at the central support during the failure of the steel-concrete composite slabs

welded in position. Figure 7 shows the overall
arrangement of the supports — secondary steel
beams — and the continuous cast-in-place reinforced
concrete floor slab.

The application of this cast-in-place slab using the
two-stage concreting technology allowed a reduction in
steel consumption of up to 5% per square meter of the
floor slab.
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Figure 6 — General view prior to casting the cast-in-place reinforced concrete slab of the steel beam framework with
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filed permanent formwork in place (a) and flexible reinforcing ba

r anchors welded in position (b)

b) ™

Figure 7 — General view of the support arrangement — the secondary steel beams — of the continuous cast-in-place
reinforced concrete floor slab from below

Conclusions

Pre-stressing of bent steel-concrete composite
structures, taking into account material nonlinearity,
was studied using continuous three-span floor slabs as
an example. The effectiveness of the two-stage
fabrication technology for slabs prestressed by their
self-weight, as well as the method for inducing initial
camber, was experimentally demonstrated on two
continuous three-span steel—concrete composite slab
specimens, 6 m in length, cast on permanent profiled-

sheet formwork. It was established that, for the
investigated slabs with an external reinforcement ratio
of 1.7%, the concreting of the central span during the
first stage should not extend to the intermediate
supports by 1/10 of the span. Under this condition, the
exhaustion of load-bearing capacity and deformability
in all three spans occurs at the same level of applied
external load.
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Pe3ysbTaTu eKCcepUMEHTAIBHHUX JOCTIIKEHb NMONepeIHb0 HANIPYKEHNX
BJIACHOIO BAT0I0 HEPO3Pi3HUX TPUIPOJTITHUX CTAJIE3J1i1300€ TOHHUX IJIUT
CIIOPY/ HUBILIBLHOTO 3aXHCTY

IIpoGema 3abe3nedeHHs piBHOMIPHOTO PO3IIOJIULY HANPY)KEHb Y HEPO3PI3HUX CTaNe3aTi300€TOHHHX IUIMTAaX € aKTyalbHOIO
UL cydacHoro OyiBHUITBA. BHKOpHCTaHHS TEXHOJOTIH IONEpeHhOr0 HAIPYKEHHS J103BOJISIE 3MEHIIUTH HEepiBHOMIpHHMIT
PO3IIOILT HATIPY>KEHb Y Mepepi3ax TAKUX IUIUT. Y CTATTi MPEICTaBIeH] pe3yIbTaTl eKCIIEpUMEHTAIbHIX BUIIPOOYBaHb 3pa3KiB
pecypco30epiralounx HEpOo3pi3HUX TPUIPOTOHOBUX CTaNe3ali300€TOHHUX IUINT, SKi MOXYTh OYyTH BHKOPUCTaHI IS
OymiBHUITBAa NEPEKPUTH CHOPYA LHBIIBHOTO 3aXHCTY. 3pa3Kd BiAPI3HAINCA NOBXHHAMU OCTOHYBAJbHUX MUISHOK, IO
JIO3BOJIMIIO AOCIIAUTH PO3BUTOK IMPOTHHIB Y KPaiHIX Ta CEpeIHiX MPOIbOTAaX Yepe3 3MiHy KOPCTKOCTI Iepepizy Ha omopax.
JloBxuHa OCTOHYIOWOI IUITHKM BH3HAYA€THCS TOYKAMU HYJIbOBHX 3THHAIBHMX MOMEHTIB. [lix dwac meprmoro erary
OeTOHyBaHHs CEepeIHill MPOJIT CTaleBOl KOHCTPYKLIl 3rHHAETHCS BHU3 IiJ Hi€l0 BIACHOI Barm OETOHHOI CyMilmi, IO
NPU3BOAUTH A0 3TMHY KpaiHiX IUISHOK, sIKI He mepeOyBaloTh IiJ HaBaHTAXXEHHsAM, Bropy. Ilicis mocsrHeHHS OGeTOHOM
MEPIIOTO eTamy MPOEKTHOI MIIIHOCTI OCTOHYIOTh OCTOH 30BHIIIHIX MPOJBOTIB. BogHOYAc KpaiiHi MPONBLOTH MiJ Ji€I0 Bard
0eTOHHOI CyMillli 3TUHAIOTECS] BHU3, 3MYIIYIOYH CEpeHIH MPOIT, SKUi Bke Mae cTane3ali3o0eTOHHUIT nepepi3, 3rHHATUCS
Bropy. ExcriepumeHnTansHO 10BeeHO e(heKTHBHICTh JBOCTAAIIHOI TEXHOJIOT1l BUTOTOBIICHHS ONEPENIHBO HANPYKEHUX BiJ
BJIACHOI Baru ¥ TEXHOJOTii CTBOPEHHS, 3a JOIOMOTOI0 SKHX CTBOPIOIOTH IONEPEOHI BUTHHH, JBOX 3pa3KiB HEPO3PI3HHUX
TPUIIPONITHUX CTAJIC3AN1I300€TOHHUX IUTUT JOBKUHOIO 6 M, BAKOHAHUX IO HE3HIMHIN onanyOIli i3 mpodiib0BaHOTO HACTHITY.
BcranoBneno, mo mms JOCHIMKEHHX IUIHT i3 KOe(ilieHTOM 30BHIIIHBOTO apMyBaHHS 1,7%, OETOHYBaHHS CEpeIHBOTO
HPOJIBOTY B MEPIIOMY €Tarli CIIiJ{ He JOBOIUTH JI0 cepeHixX ormop Ha 1/10 mponboTy. 3a Takoi yMOBH BHYEPITyBaHHS HECY4Ol
3JIaTHOCTI Ta 1epopMaTHBHOCTI B TPHOX IPOJIBLOTAX Oy/Ie IIPU OJHAKOBOMY PiBHI 30BHIIIHBOTO HABAaHTA)KCHHSL.

Ki11040Bi c/10Ba: eKCIIEPUMEHT, HEPO3pi3Ha cXeMa, CTale3ani300eTOHHI IIHTH, PECYPCOOIIaIHA TEXHOJIOTIsI BUTOTOBIICHHS.
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