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Abstract. The results of experimental studies of deformability and crack resistance of models of
airfield slabs made of reinforced concrete and steel fiber concrete are presented. Two series of plates
were tested — three models of reinforced concrete and three models with steel fiber added to the
concrete mixture in amount of 1% of the total volume of the product. The load was applied in small
steps, the instrument readings were recorded twice at each step, and the crack opening width was
measured starting from the moment of the first crack formation. Dial gauges and deflectometers were
used as measuring instruments. According to the normative documents acting in Ukraine, one of two
possible loading schemes was considered — with the loading by the concentrated force applied on the
cantilever part of a plate. The plate models were tested on a specially made stand which consisted of
four supporting struts connected in pairs by beams. The airfield slab was supported by the beams. The
load was applied along the width of the plate in steps — 0.05 of the destructive load, along two
concentrated vertical strips. Each degree of load ended with a five-minute dwell time, at the beginning
and end of which readings were taken on the measuring instruments. The deformations at the same
levels were measured with dial gauges. The process of crack formation was observed with a Brinell
tube in the places of the greatest crack opening.

It follows from the obtained results that the process of cracking in the fiber concrete slab begins
at higher loads than in the reinforced concrete slab. The final and initial crack opening widths of all
cracks in the fiber concrete slab are significantly lower than in the reinforced concrete slab. The
deformations in steel-fiber concrete slabs during the application of load in the cantilever part, both for
compressed and stretched fibers are higher than in reinforced concrete slabs. At the initial stages of
load application in the cantilevered part of the slabs, the deflections increase in a linear relationship.
The curves get non-linear character for airfield slabs made of reinforced concrete when the load
reaches the level of 1025 kN, for steel-fiber-concrete slabs — 15+30 kN. In reinforced concrete slabs,
the non-linearity starts a little earlier and is expressed more clearly. Experimental studies show that
dispersed reinforcement of airfield slabs with steel fiber leads to their higher crack resistance.

Keywords: reinforced concrete, fiber concrete, airfield slab, deformability, crack resistance,
experimental studies.

Introduction. Airfield slab pavements have many advantages over monolithic pavements: a
fairly simple construction technology; no labor-intensive operation of laying concrete; high quality of
slabs due to their production in factory conditions; possibility of year-round construction and
commissioning the pavement immediately after its laying. The disadvantages of prefabricated coatings
are high metal consumption and a very large number of joints, which worsen the evenness of coverage.
Pre-stressed reinforced concrete slabs of PAG type are used for the construction of precast airfield
pavements. In recent years, new concretes with very high strength and deformative properties have
appeared, but the question of ensuring durability and crack resistance of reinforced concrete structures
under conditions of natural or technological influence of high positive or negative temperatures still
remains relevant. One of the effective ways to solve this problem is dispersed reinforcement of
structures.
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Among the many factors that determine the efficiency and durability of a structure,
deformability and crack resistance are no less important than bearing capacity. Their comprehensive
study is the most informative in experimental research. This paper describes the results of the
experiment, which was carried out in the scientific laboratory of the Department of Structural
Mechanics of the Odessa State Academy of Civil Engineering and Architecture — the deformability
and crack resistance of models of airfield slab PAG-18.

Recent studies analysis. The deformability and crack resistance of reinforced concrete
structures have been studied in a great number of works, and many of them deal with slabs.
However, the studies related to airfield or road slabs are clearly insufficient, and the publications
related to steel-fiber-reinforced slabs are practically absent.

The range of airfield slab design schemes recommended by the regulatory documents of different
countries is quite wide and ambiguous. Historically, the first proposed scheme represents the airfield
slab as a slab on an elastic base. And in this direction there are the greatest number of publications. The
general concept of calculation of road and airfield slabs was proposed by B.N. Zhemochkin and A.P.
Sinitsyn [1]. Later their ideas were developed by many authors, among which we should mention
Belarusian scientists [2, 3].

The crack resistance of slabs remains a subject of close attention of scientists. Thus, in [4] the
results of the research allowing to estimate the degree of influence of pre-organized cracks on the
character of cracking and the process of deformation of multi-hollow floor slabs under short-term load
action are presented. The results of experimental and theoretical studies of the stiffness and crack
resistance of reinforced concrete multiple-core floor slabs reinforced in the tensile zone by carbon fiber
reinforcement glued to the outer surface of the concrete are presented in [5]. The crack resistance of the
composite slab, which is the floor of the first floor of the building, is analyzed in [6] at the stages of
erection, loading and unloading, construction and operation. The influence of fiber type and fiber
length on crack resistance, strength and porous structure of the concrete slab is investigated by the
authors of [7]. It is noted that the fiber reinforced concrete shows better frost resistance.

The increase in terrorist attacks and natural disasters has led to increased demands on the impact
resistance of concrete structures, and, as a consequence, to an increase in the number of works in this
direction. In the article [8], the impact resistance of double-sided concrete slabs was studied by
conducting multiple impact tests. Two types of reinforcement fibers were used — steel fibers with bent
ends and straight steel fibers. It was found that steel fiber concrete shows increased resistance to impact
loads.

Note two more works [9, 10] devoted to the research of crack resistance of dispersed reinforced
slabs, the results of which indicate a significant improvement in the deformation properties of slabs
with their dispersed reinforcement.

The purpose of this work is to experimentally investigate the deformability and crack
resistance of models of airfield slabs made of reinforced concrete and steel-fiber concrete.

Materials and research methodology. Two series of slabs were made — three models of
reinforced concrete and three models with steel fiber added to the concrete mixture 1% of the total
volume of the product. The load was applied in small steps to study the deformation process of the slab
in detail. At each step, instrument readings were recorded twice, and the crack opening width was
measured starting from the moment of formation of the first crack. Strain gauges, dial gauges,
deflectometers and Brinell tube were used as measuring instruments [11].

Research results. The dimensions of the tested road slabs were 1375x825x60 mm. The
specimens were reinforced with a spatial framework consisting of two meshes (Fig. 1). For reinforced
concrete and steel-fiber-concrete slabs, reinforcement of type Vr-1 with a diameter of 5 mm was used.
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| 1375
Fig. 1. General view of the slab

According to the regulatory documents in force in Ukraine [12, 13], airfield slabs (as well as
road slabs) are calculated by two loading schemes - when the load is a concentrated force applied in the
middle of the span, and when the load is a concentrated force applied on the console. Here we consider
the cantilever loading scheme (Fig. 2).
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Fig. 2. Cantilever loading scheme
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The slab models were tested on the stand, which consisted of four support legs connected in
pairs by beams. The airfield slab rested on the beams. The load was applied along the width of the
plate in steps — 0.05 of the destructive load, along two concentrated vertical strips. Each degree of
load ended with a five-minute dwell time, at the beginning and end of which readings were taken on
the measuring instruments. All tests were performed using a 100 kN jack and a five-ton
dynamometer No. 917. The jack's operating principle is that its lower surface presses on a two-level
cross-beam system, and through it, the load is distributed to the plate (Fig. 3).

Fig. 3. Test stand
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During the test, the load applied to the plate specimens was recorded, as well as the
deflections and deformations. The deformations at the same levels were measured using dial gauges
with a division value of 0.01 mm and a base of 24 cm — in the cantilever part of the plate, 36 cm —
in the span. The process of cracking on the surfaces of the plates was observed with a Brinell tube
in the places of greatest crack opening. The division value of the Brinell tube was 0.1 mm.

In accordance with the adopted loading scheme, two rows of indicators were installed on the
top surface of the slab (Fig. 4). The first group of four indicators (2, 3, 4 and 5) was installed on the
cantilever loading section of the model, and the second group (7, 8, 9 and 10) — in the upper span of
the slab. Gauges 1, 6 were mounted on the side faces in the support area of the cantilever section. A
pair of indicators 11, 12 recorded the deformations of the compressed zone in the span section of
the slab.

403~ -

Fig. 4. Location of gauges

The main results of the tests are shown in Table 1.

Table 1 — Research results

Start cracking ) ] Limit moment

Slab model Load, kN | Moment, KNm Bearing capacity, kN at failure, KNm
Reinforced concrete 10.84 2.55 18.46 4.34
Fiber concrete 14.00 3.29 24.30 571

Based on the readings of the gauges, plots of the relative strain from the load in the tensile
zone of the cantilevered part of the reinforced concrete (Fig. 5) and fiber concrete (Fig. 6) slab have
been plotted.
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Fig. 5. Strain in the tensile zone on the console of a reinforced concrete slab
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Fig. 6. Deformations in the tensile zone on the console of the fiber concrete slab

Plots of the dependence of the relative strain on the load in the tensile zone of the span of
reinforced concrete and fiber concrete slab are shown in Fig. 7 and Fig. 8, respectively.

On the basis of the measurements we have built a number of other graphs (which we do not
quote here due to the limited size of the paper) — the relative strain according to indicator readings
in the supporting sections on the side planes of the slab; the relative strain according to indicator
readings in the span on the bottom slab surface; relative strain according to load cell readings;
relative strain according to indicator readings and load cells in the stretched zone; relative strain
according to indicator readings and load cells in the compressed zone.
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Fig. 7. Deformations in the tensile zone of the span of a reinforced concrete slab
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Fig. 8. Deformations in the tensile zone of the span of the fiber concrete slab

Table 2 shows the sequence of crack formation in reinforced concrete and fiber concrete slabs
with increasing load, and Table 3 shows the crack opening width.
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Table 2 — Sequence of crack formation in the slabs with increasing load

Ne loading steps Load, kN Ne of crack Minimum height of the
compressed zone, mm
RC slab | SFC slab | RC slab | SFC slab | RC slab | SFC slab | RC slab SFC slab
0 0 0.00 0.00
1 1 2.00 2.00
2 2 4.00 4.00
3 3 6.00 6.00
4 4 8.00 8.00
5 5 10.00 10.00
6 6 10.84 12.00 1 17
7 7 12.00 14.00 1 20
8 8 13.00 15.00
9 9 14.00 16.00
10 10 15.00 16.99 2 15
11 11 16.00 17.99
12 12 17.99 18.99 2 8
13 13 18.46 19.99 3 5
14 20.99
15 21.99 3 11
16 22.99
17 23.92
18 24.30
Table 3 — Crack opening width with increasing load
Ne of crack Bending moment, kNm | Initial opening width, mm Final Op?gr"?g width,
RCslab | SFCslab | RCslab | SFCslab RC slab SFCslab | RCslab | SFC slab
1 1 2.55 3.29 0.1 0.05 1 0.5
2 2 4.23 3.99 0.1 0.05 0.25 0.2
3 3 4.34 5.17 0.1 0.05 0.5 0.3

Using the data from the two deflectometers, we plotted the deflections versus load for the
reinforced concrete (Fig. 9) and fiber concrete (Fig. 10) slabs, which have the same character as the
deformation plots. Before the appearance of the first crack, the deflection of reinforced concrete
slab is 9.2 % for reinforced concrete slab and 38.1 % for fiber concrete slab from that recorded at
the end of tests.

Conclusions. As follows from the above results, the cracking process in the fiber concrete
slab begins at higher loads than in the reinforced concrete slab. The final and initial width of all
cracks in the fiber concrete slab is significantly lower than in the reinforced concrete slab.

The deformations in steel fiber concrete slabs when the load is applied in the cantilevered
part, both for compressed and stretched fibers, are higher than in reinforced concrete slabs.

According to the given results, it can be seen that at the initial stages of load application in the
span of the plates, the deflections increase linearly. The curves get non-linear for airfield slabs of
reinforced concrete, when the load reaches the level of 10+25 kN, for steel fiber concrete slabs — 15+30
kN. In reinforced concrete slabs the non-linearity starts a little earlier and is more clearly expressed.

Thus, the experimental studies indicate that dispersed reinforcement of airfield slabs with
steel fiber leads to their higher crack resistance.
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Fig. 9. Deflections in a reinforced concrete slab
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Fig. 10. Deflections in the fiber concrete slab
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AHoTania. HaBeneHo pe3ynbTaTd €KCHEPUMEHTANIbHUX JOCILIKEHb AePOpMaTHUBHOCTI Ta
TPIIIUHOCTIMKOCTI MoOJeNed aepoJpOMHHX IUIUT 13 3ami300eToHy Ta cranediOpobeTony.
BumnpoGoBano 2 cepii miuT — Tpu MoOAeNi i3 3ami300€TOHY Ta TpU MOJETi 3 JOJaBaHHSIM JO
O6eroHHO1 cymimn craieBoi ¢idpu 1% Big 3aranbHOro o6cAry BupoOy. HaBaHTakeHHS
NPUKIAAATIOCH HEBEIMKHMMU CTYNEHSMH, Ha KOXXHOMY CTYNEHI JBidi (iKCyBalucs MOKa3aHHS
MPUJIAIiB, @ TAaKOX, TOYMHAIOYN 3 MOMEHTY YTBOPEHHS NEpIIOi TPIIIMHU, BUMIPIOBANACS IIHPHHA
PO3KPUTTSI TPILUH. SIK BUMIpIOBaIbHI MPUJIAAX BUKOPUCTOBYBAJIUCS 1HIUKATOPU TOJAUHHOTO TUITY,
nporidomipu 1 Mikpockon MIIB-3. BinnoBigHo 10 4MHHUX B YKpaiHi HOPMATUBHUX JIOKYMEHTIB,
PO3IIISIHYTO OJHY 3 JIBOX MOKJIMBHMX CXEM HAaBaHTAXXEHHS — IPU HABaHTAaXEHHI 30CEPeIKEHOI0
CUJIOI0, TPUKJIAJIEHOI0 Ha KOHCOJbHIM YacTHHI IUIMTH. Mojeni MiauT BUOpoOOOBYBalIHMCA Ha
CTeialbHO BHUTOTOBJICHOMY CTEHJi, IO CKJIaJaBCsl 3 YOTHPHOX OIOPHUX CTIHOK, IMOB'SI3aHUX
nomapHo MiK coboro Oankamu. Ha Oanku chupanacs aepoiapomHa 1uinTa. HaBaHTaxeHHsS
MpUKIafanocs Mo MHUPUHI MIUTH cxoaamu - no 0,05 Big pyHHIBHOTO, MO JBOX 30CEPEKEHHUX
BEPTUKAJIBHUX cMYT. KoXKHa CTyMiHb HABaHTa)XEHHS 3aKiHUyBajacs M'ATUXBHJIMHHOIO BUTPUMKOIO,
Ha MOYaTKY 1 B KiHIII SIKOi 3HIMAJIKCS NOKa3aHHS Ha BUMIPIOBAIBHUX Npuiaaax. [ledopmartii Ha THX
’Ke PIBHIX BHUMIPIOBAIM 3a JIOIIOMOTOI0 iHAWKATOPIB BapTOBOro Tumy. IIporec TpilinHOYTBOpPEHHS
criocTepiraBcs 3a JOoMoror TpyOku bpinemst y Micisix HaltOUIbIIOT0 PO3KPUTTSI TPIIIHH.

3 OTpUMaHHUX pe3yJbTaTiB BUILUIMBAE, IO MPOLEC TPIIMHOYTBOPEHHS Y (hiOpOOETOHHIN MIUTI
MOYMHAETHCS MPU OLTBII BUCOKMX HABAaHTAXEHHSIX, HUK y 3ami3o0eToHHid. KiHneBa Ta moyarkoBa
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IIUPUHA PO3KPHUTTSA BCIX TpimMH y (HiOPOOETOHHIN TUIMTI ICTOTHO HWXYa, HDK y 3al1i300€TOHHIN.
Hedopmarii B mimrax i3 cranediOpoOeToHy MpH I0JaTKy HaBaHTAXKEHHS B KOHCOJIbHIM YacTHHI SIK
JUIL CTUCHEHMX, TaK 1 s PO3TATHYTHX BOJOKOH BHINE, HDK Yy 3ali300eToHHMX miHuTax. Ha
MOYATKOBUX CTAJisIX 3aCTOCYBAHHS HABAaHTA)KEHHS B MIPOTOHOBOI YACTHHU IUIUT MPOTUHH 3POCTAIOThH
3a JiHiHOW 3anexHicTio. Kpusi Ha6YBaIOTL HENICWHIMHOro XapakTepy A aepoIpPOMHHUX IUTUT i3
3a111300€TOHY, KOJIM HAaBaHTa)KEHHS JI0CATAE plBHSI 1025 xH, nna CTaneqnGpoGeTOHHHx T — 1530
kH. V mmrax i3 3an13o6eT0Hy HEJHIMHICT, TOYMHAETHCS JICIIO paHille 1 BUpPaKeHa 4YiTKilIe.
[IpoBeneHi eKCliepUMEHTabHI JOCTIDKEHHS CBIIYaTh MpO Te, IO JUCIEPCHE apMyBaHHS
aepOJIPOMHHUX IUTUT CTAIEBOIO (HiOPOIO IPU3BOIUTH JI0 iXHBOI BUIIOI TPITUHOCTIHKOCTI.

KirouoBi cioBa: 3amizo0eroH, ¢iOpoOeToH, aepoapoMHa IUIHTA, JAe(POPMATHUBHICTD,
TPIIUHOCTINKICTD, €KCIIEPUMEHTAIBHI JOCIIHKCHHS.
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AHHoTanus. [IpuBeneHbl pe3yabTaThl SKCIIEPUMEHTAIBHBIX UCCIIEI0BaHUN Je(hOpMATUBHOCTH
U TPELMHOCTOMKOCTH MOJeNel a’poApPOMHBIX IUIUT U3 JKene300eToHa M cranedudpoderoHa.
VcnibiTansl 2 cepuu IUTUT — TPU MOJEIH U3 5Kene300€TOHa U TPU MOJIEH ¢ 100aBlIeHHEM B OETOHHYIO
cMech cTanbHOi Guopsl 1% ot obmero oovema m3nenus. Harpyska npukiaasiBanach HEOOIBITUMA
CTYIIEHSIMH, Ha K&)XXJIOW CTYIIEHH J[Ba pa3a (PUKCUPOBAIKCH ITOKa3aHUs MPHOOPOB, a TAK)KE, HAUMHAS C
MOMEHTa 00pa30BaHUs MEPBOW TPEIIMHBI, W3MEPsUIaCh IIMPUHA PACKPBHITHS TpeImuH. B kadecTtBe
M3MEPHUTENBHBIX TPUOOPOB HCIOIB30BANCH HMHAMKATOPHI YacOBOTO THIIA M TporumOoMepsl. B
COOTBETCTBHHU C JICHCTBYIOUIMMHU B YKpanHE HOPMAaTHBHBIMH JOKYMEHTaMH, PacCCMOTPEHa OHA W3
JIBYX BO3MOXKHBIX CXEM Harpy)XeHHsl — IpU Harpy3Ke COCpeJIOTOUYEHHOW CHJIOH, MPUIIOKEHHOW Ha
KOHCOJIbHOM 4acTH IUIUTHL. MoOJeNU IJIMT MCHBITHIBAINCH HA CIELHAIbHO M3TOTOBJICHHOM CTEHJE,
COCTOSIBILIEM M3 YETBIPEX OMOPHBIX CTOEK, CBSI3aHHBIX MOMAPHO MeXay coboil Oankamu. Ha Ganku
oIypaiach a’3poApoMHas ImTa. Harpyska npukiiaapiBaiack 1o MUPHHE TWIMTHI cTyneHsMu — 1o 0,05
OT pa3pyIIaroNiei, Mo JIByM COCPEJOTOYEHHBIM BEPTUKAIBHBIM MojiocaM. Kaxias cTeneHp Harpy3ku
3aKaHUYMBAJIACh MATHMUHYTHOW BBIJIEP)KKOH, B HadaJle W KOHIIE KOTOPOW CHUMAJIMChH IMTOKa3aHUs Ha
M3MEPHUTENBHBIX MpruOopax. JledopMary Ha TeX e YPOBHSIX M3MEPSUI C TIOMOIIBI0 WHIUKATOPOB
yacosoro Tuna. [Iponecc TpemunHoodpa3oBaHus HadIOAAICS ¢ TOMOLIbIO TPYOKH bpuHennsa B mecrax
HauOOJIbIIET0 PACKPBITUS TPEILIUH.

W3 nomy4eHHBbIX pe3ybTaToOB CIEAYET, YTO MPOIECC TPEeuMHOoOpa3oBaHusi B (GUOPOOETOHHOM
IUIUTE HaYMHaeTcs Npu Oosiee BBICOKMX Harpyskax, yeM B kene300eToHHOH. KoHeuHas m HavanbHas
IIMPUHA PAcKpBITUA BCeX TpemuH B (PUOPOOETOHHOW IUIMTE CYIECTBEHHO HHXKE, 4YeM B
xene300eToHHO. Jlepopmanuu B 1umTax u3 cranepuOpoOeToHa NpPU MPUIOKEHUM HArpy3kd B
KOHCOJIbHOM 4acTH, KakK JJIsl CKaThIX, TaK U JJIsl PACTSHYTBIX BOJIOKOH BBIIIE, YEM B KeJIe300€TOHHBIX
wmrax. Ha HauvanmbHBIX CTagMsAX NPWIOKEHHS HArpy3Kd B MPOJETHOM 4YacTW IUIUT MpPOTHOBI
BO3PACTAlOT II0 JIMHEHMHOM 3aBHUCHMOCTH. KpuBBIE TMOJNIydarOT HEJIEWHEHHBI XapakTep IS
a3pOIPOMHBIX IUIUT M3 Kelne300eTOoHa, Koria Harpyska jgocturaer yposHs 10+25 xH, s
cranepudpoderoHHpix WMT — 15+30 kH. B mumrax u3 xene300eToHa HEMMHEHHOCTh HAYMHACTCS
HECKOJIbKO paHbIlle W BBIpakeHa Oosee 4eTko. [IpoBeneHHBIE IKCIEPHMEHTAIBHBIC HCCIICTOBAHUS
CBUICTENIHCTBYIOT O TOM, UYTO JUCIIEPCHOE apMHUPOBaHHWE A3POAPOMHBIX TUTHT CTAIRHON (GHOpoi
NPUBOUT K MX 00Jiee BBICOKOW TPEIIMHOCTOUKOCTH.

KiroueBble ciioBa: jxene300eToH, (GuOpoOeToH, a’dpoapoMHas IIUTa, Ae()OpMaTHUBHOCTD,
TPELUIMHOCTONKOCTb, 3KCIIEPUMEHTANIbHBIE HCCIIEI0OBAHNUS.
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