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EXPERIMENTAL STUDIES OF DEFORMABILITY AND
FRACTURE RESISTANCE OF AIRFIELD SLABS ON MODELS
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'Odesa state academy of civil engineering and architecture

Abstract. The results of experimental studies of deformability and crack resistance of models of
aerodrome slabs made of reinforced concrete and steel-fiber concrete, made on the basis of serial slab
PAG-18 taking into account the scale factor, are presented. Two series of slabs were tested - two
models of reinforced concrete and two models with one-percent dispersed reinforcement. The load
was applied in 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, deflectometer
and microscope MPB-3 were used as measuring instruments. In accordance with the normative
documents acting in Ukraine, one of two possible loading schemes was considered - with the loading
by the concentrated force applied in the span part of a plate which had a hinged support along its short
sides. Plate models were tested on a specially made stand. Each load step ended with a five-minute
dwell time, at the beginning and the 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.

Breaking load for fiber concrete slab was 1.52 times higher than for reinforced concrete slab, and
the moment of cracking initiation was 1.22 times higher. The process of cracking in the fiber concrete
slab begins at higher loads than in the reinforced concrete slab. The initial crack opening width of the
slabs is almost the same, and the final crack opening width of all the 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 span, both for
compressed and stretched fibers, are higher than in reinforced concrete slabs. The experimental studies
indicate 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

EKCIHEPUMEHTAJIBHI JOCJIIIKEHHSA
JTE®OPMATHUBHOCTI I TPIIIUHOCTIMKOCTI
AEPOAPOMHUX IIVIMT HA MOJAEJIAX

Kopueera I. B.", Kipiuenko JI. O.', Inasies O. C.'

1 . . .
Odecvra deparcagna akademisi OyOi6HUYMBA MA APXIMEKMypu

AHoTanisi. HaBeneHO pe3ynbTaTH eKCIIEPUMEHTAIbHUX MOCHIUKEHb Ae(GopMaTHBHOCTI Ta
TPIIIMHOCTIMKOCTI MOJIENIel aepOAPOMHUX TUTUT 3 3aJ1i300€TOHY Ta cTalediOpoOETOHY, BUTOTOBICHUX
Ha OCHOBI cepiliHoi Tutu [TAI-18 3 ormsimy Ha MacmTaOHMIA dakTop. BunpoOyBano 2 cepii rumT —
JIBI Mojemi 13 3aji300€TOHYy Ta JBI MOJENI 3 OJHOBIICOTKOBHM JHMCIIEPCHUM apMyBaHHSIM.
HaBanTakeHHsI NpUKIazaiocs CTYNCHSAMH, Ha KOXHIA cTymeHi nBidi (ikcyBajmcs IOKa3aHHS
NpUIAJiB, a TAKOX, IMOYHHAIOYM 3 MOMEHTY YTBOPEHHS MEpIIOl TPIIWHK, BUMIpIOBanacs IMUpUHA
PO3KpUTTA TPIMMH. B  SKOCTI BHMIPIOBabHHX MPHJIAJIB BUKOPHUCTOBYBAIUCS IHIUKATOPU
TOJMHHUKOBOTO THITy, HporuHoMipu Ta Mikpockon MIIB-3. BimnosimHo no amirounx B YkpaiHi
HOPMAaTUBHHUX [JOKYMEHTIB, PO3IVITHYTO OAHY 3 JABOX MOXIIMBUX CXEM HaBaHTaKCHHA — IpPHU
HABaHTAXXEHHI 30CEPE/DKEHOI0 CHJIOD, MPHKIAJICHOI B TPOTOHOBOI YACTHHW IUTUTH, sIKa Maja
HIapHipHEe OOMUpPaHHS 32 KOPOTKMMH CTOpOHaMH. Mojeni IUIMT BUIPOOOBYBATHUCS Ha CIELiajbHO
BUTOTOBIEHOMY cTeHAl. KokHa CTymiHb HaBaHTa)KeHHS 3aKiHUyBajacsi I SITUXBHJIMHHOIO
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BUTPUMKOIO, HAa TMOYATKy 1 B KIHII SKOi 3HIMAUCS IOKa3aHHS Ha BUMIPIOBAILHUX MPHIAIaX.
Hedopmariii Ha THX K€ PIBHAX BHMIPIOBAIM 3a IOMOMOIOH IHAMKATOpPa TI'OAMHHUKOBOTO THITY.
IIpomec TpIIIMHOYTBOPEHHS CIOCTEPIraBCs 3a JAOTIOMOTOI0 TpyOKH bpiHemns y micisx HaiOiIbpImoro
PO3KPHUTTA TPILIKH.

PyitniBHe HaBaHTakeHHsS I (hiOpoOeToHHOI muTH BUsSBWIOCS B 1,52 pasm Oinmbine, HOK A
3a1i300€TOHHOI, @ MOMEHT MOYaTKy TPIIIMHOYTBOpeHHS — B 1,22 pasu. Ilporec TpimmHOYTBOpEHHS ¥
¢$i0poOEeTOHHIN TJINTI MOYMHAETHCS NMPU OLTBII BHCOKMX HABaHTAKEHHSX, HDK Yy 3ali300€TOHHIN.
[ToyaTkoBa MHUPUHA PO3KPHUTTS TPIILKH Y MIUTAX MPAKTUYHO OJTHAKOBA, a KiHIEBA IIMPHUHA POZKPHUTTS
BCIX TpimuH y hiOpoOETOHHIM TUIHTI iICTOTHO HM)KYE, HIXK Y 3a1i300€TOHHIH.

Hedopmariii B immTax i3 cranediOpoOeToHy MpH 101aTKy HABAHTAXEHHS B IIPOTOHOBOI YACTHHH,
AK JUIl CTUCHEHUX, TaK 1 Uil pO3TATHYTHX BOJIOKOH BHILE, HDK y 3ami3o0eToHHil mnutu. [IpoBeneni
EKCIIEpUMEHTANTBHI JIOCTIKCHHS CBIIYaTh MPO Te, IO JUCIIEPCHE apMyBaHHs aepOAPOMHUX IUIUT
cTaneBoro ¢GidPOro MPU3BOIUTE IO X OLIBIIT BUCOKOI TPIIIMHOCTIHKOCTI.

KawouoBi ciaoBa: 3amizoberon, ¢iOpoOeToH, aepoapoMHa IUIMTa, JeOPMATHBHICTS,
TPIIIUTHOCTIHKICTE, €KCTICPUMEHTAITbHI JOCI HKCHHS.
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1 INTRODUCTION

Airfield slabs PAG are designed to form both temporary and permanent coatings for
airfields and roads. Currently, such slabs are widely used for the arrangement of air transport
runways, roads located on construction sites, bases for cranes and other industrial mechanisms
and equipment. Being highly resistant to aggressive environments, the plates are widely used
for arrangement of port areas, are a reliable coating for construction areas where special
machinery on crawler tracks is actively moving. PAG slabs have proven themselves in the
most adverse hydrogeological and climatic conditions, in regions where the temperature drops
to - (50-60) C°.

Structurally, the slabs are a solid reinforced concrete product of flat rectangular shape.
The upper surface of the slabs is corrugated, which provides an increased coefficient of
traction with the wheels of moving road and air transport. The construction of the boards
includes special end caps that allow to weld the boards together. Depending on the thickness
of the plate elements, which can be 140, 180 and 200 mm, we distinguish plates PAG-14,
PAG-18, PAG-20.

Such slabs can be used repeatedly, which creates a significant economic effect.

Airfield slabs have a number of unique properties: high strength, frost resistance, low
abrasion, high durability and crack resistance, seismic stability, etc.

Among the many mentioned factors determining the efficiency and durability of PAG
slabs, the deformability and cracking resistance play the most important role, the study of
which is given much attention during experimental studies. This paper describes the results of
the experiment, which was conducted in the scientific laboratory of the Department of
Structural Mechanics of the Odessa State Academy of Civil Engineering and Architecture -
deformability and crack resistance of models of airfield slab PAG-18 under the span scheme
of loading - one of the two schemes of loading, recommended by the acting in Ukraine norms
[1, 2].

2 LITERATURE ANALYSIS AND PROBLEM FORMULATION

Most of the publications related to the calculations of airfield and road slabs, the authors
proceed from the calculation scheme of the slab on a deformable elastic base [3 - 6]. The
calculation results essentially depend on the accepted models of the slab, the base, and the
model of their interaction.

The slab model is usually characterized by Kirchhoff hypotheses. In the vast majority of
publications, the model of the interaction between the slab and the base is assumed to be
bilateral: the motions of the contact points of the slab and the base are assumed to be the
same. Models of the base are characterized by a variety. Currently, a significant number of
such models are proposed, reflecting in different ways the actual behavior of the soil. The
following schemes are most widely used: models with one and two bedding coefficients,
models of elastic homogeneous isotropic half-space and half-plane, various combinations of
these models. In this case, it is believed that since the pavement is built under a powerful
artificial foundation, it experiences only elastic deformations, and the calculation of the
pavement is made on this basis.

The problem of deformability and crack resistance of airfield slabs is not reflected in the
domestic literature. If we talk about the publications of foreign authors, it should be noted the
works [7 - 10], where the main attention is paid to the issues of crack resistance.

Despite the use of the slab model on an elastic base in theoretical studies of the stress
state of airfield slabs, the experimental studies in the normative documents of most countries
consider two loading schemes - when the load is a concentrated force applied in the middle of
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the span, and when the load is a concentrated force applied on the console. In both cases, the
slab has a hinged support. This approach, in particular, is reflected in the aforementioned
Norms of Ukraine [1, 2] and in GOST 25912-2015 [11], the standard which applies to
prestressed reinforced concrete slabs made of heavy concrete and designed for the
construction of precast fast-building pavements of airfields, roads, storage areas, including
those recommended for use in harsh conditions of temperature and humidity cold climate and
permafrost soils, and is valid in 7 countries of the former USSR.

3 RESEARCH GOAL AND OBJECTIVES

The purpose of this work is to experimentally investigate the deformability and crack
resistance of airfield slab models made of reinforced concrete and steel-fiber concrete under
the span loading scheme.

To achieve this goal, it was necessary to solve the following tasks:

1. Analyze modern methods of studying the deformability and fracture resistance of
airfield slabs.

2. Develop a design and produce models of an airfield slab based on the serial slab
PAG-18.

3. Develop a test stand design.

4. Perform experimental studies of the deformability and fracture resistance of airfield
slab models.

5. Perform processing and analysis of the experimental data obtained.

4 RESEARCH RESULTSS

Model of an airfield slab was made taking into account the scale factor on the basis of a
serial slab PAG-18. The specimens are reinforced with a spatial framework consisting of two
meshes (Fig. 1). For reinforced concrete and steel-fiber-concrete slabs, 5 mm diameter
reinforcement of Vr-1 type was used.

S|

3
I

l 1375

Fig. 1. General view of the slab

To conduct tests, a stand is made, the frame of which is four supporting pillars connected
in pairs by beams. The model of the slab rests on the beams. The load was applied along the
width of the slab in steps - 0.05 of the destructive load, along two concentrated vertical strips.
Each stage of the 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 5-t dynamometer. The lower plane of the jack transmits the load to the two-level
cross-beam system, and through it the load is distributed to the plate (Fig. 2).
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Fig. 2. Test stand

The implemented load application diagram is shown in Fig. 3.
I
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Fig. 3. Load application scheme

On the upper and lower surface of the plate, there were dial gauges with a base of 36 cm,
the first four - in the compressed zone, and 5 and 6 - in the tensile zone (Fig. 4). The load cells
were glued on the axis of symmetry under 2 and 4 indicators.
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Fig. 4. Indicator layout
The main results of the tests are shown in Table 1.
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Table 1
Test results.
Start of cracking . . L .
Bearing capacity, | Limit moment at failure,
Slab model Load, kN Moment, kN KNMm
kNm
Reinforced 12,10 212 21,77 3,81
concrete
Fiber 14,52 2,54 2742 4,80
concrete

On the basis of indicator readings, plots of the dependence of the relative longitudinal

strain on the load in reinforced concrete (Fig. 5) and fiber concrete (Fig. 6) slabs according to
indicator readings were plotted.

25.00

0.00
-4,00 -2,00 0,00 2,00 4,00 6,00 8,00 10,00
Strain, £104

Fig. 5. Relative longitudinal deformation in the reinforced concrete slab according to indicator readings
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Fig. 6. Relative longitudinal deformation in the fiber concrete slab according to indicator readings
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Plots of the dependence of the relative strain on the load in the compressed zone of
reinforced concrete and fiber concrete slabs are shown in Fig. 7, 8, respectively.
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Load, kN

-3,50 -3,00 -2,50 -2,00 -1,50 -1,00 -0.50 v 0,00 0,50
Strain, £104

Fig. 7. Deformations in the compressed zone of the reinforced concrete slab according to
indicator readings
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Fig. 8. Deformations in the compressed zone of the fiber concrete slab according to the
readings of indicators and strain gauges

Using the readings of two deflectometers, we plotted the deflections versus load for
reinforced concrete (Fig. 9) and fiber concrete (Fig. 10) slabs, which have the same character
as the deformation plots.
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Fig. 9. Deflections in a reinforced concrete slab
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Fig. 10. Deflections in the fiber concrete slab
5 DISCUSSION OF THE RESULTS OF THE STUDY

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 of load step Load, kN Ne of crack cl(\)/lr:qr;rn;gsrz dh;;ggf 2:n
RC SFC
slab slab RC slab SFC slab RCslab | SFCslab | RCslab | SFCslab
0 0 0,00
1 1 4,03
2 2 8,06 7,26
3 3 12,10 12,10 1 18
4 4 14,52 14,52 2,3 1 10 22
5 5 16,94 16,13
6 6 19,35 17,74 2,3 15
7 7 21,77 19,35
8 13,00 20,97
9 14,00 22,58
10 15,00 24,19
11 16,00 25,81
12 17,99 27,42
Table 3
Crack opening width with increasing load.
No of crack Bending moment, kKNm Initial prack opening End c_rack opening
width, mm width, mm
RC SFC
slab slab RC slab SFC slab RCslab | SFCslab | RCslab | SFCslab
1 1 2,12 2,54 0,05 0,05 0,7 0,3
2 2 2,54 3,10 0,1 0,1 0,2 0,15
3 3 2,54 3,10 0,1 0,05 0,3 0,1

Before the first crack appears, the deflection of the reinforced concrete slab is 19.6 % for
the reinforced concrete slab and 11.0 % for the fiber concrete slab from that recorded at the
end of the tests.

The breaking load for the fiber concrete slab was 1.52 times greater than for the
reinforced concrete slab, and the moment of the beginning of cracking was 1.22 times greater.

6 CONCLUSIONS

As follows from the given results, the cracking process in the fiber concrete slab begins
at higher loads than in the reinforced concrete slab. The initial crack opening width in the
slabs is almost the same, and the final crack opening width of all the 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 span, 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
aerodrome slabs 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 more clearly expressed.

I. Korneieva, D. Kirichenko, O. Shyliaiev
72 https://doi.org/10.31650/2618-0650-2021-3-2-64-74




111, Ne2, 2021
Crop. 64-74 | Page 64-74

MexaHika Ta mareMaTudHi meromu [/
Mechanics and mathematical methods

Thus, the experimental studies indicate that dispersed reinforcement of airfield slabs with
steel fiber leads to their higher crack resistance.
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