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Abstract. A methodology for conducting experimental studies of the bearing capacity and
crack resistance of well rings is proposed. Reinforced concrete elements of annular cross-section are
used in many engineering structures, such as wells for various purposes, pressure and non-pressure
pipes, power line supports, water towers, etc. There are a number of problems in the production and
operation of such reinforced concrete structures. First of all, these are technological problems that
arise during the manufacture of products due to the difficulties of installing the annular spatial
reinforcement frame in the design position. And at the operation stage, especially when it comes to
wells, the main problem is crack resistance and the associated moisture resistance. An effective way
to solve these problems is dispersed reinforcement of concrete with steel fiber. Assessment of this
effectiveness requires additional research, primarily experimental. Such researches are very few,
primarily aimed at studying well rings.

A special power platform design was developed and manufactured for testing. It was established
that the nature of the ring deformation under the action of a load uniformly distributed along its
perimeter can be divided into three stages. At the first stage, up to the load level corresponding to the
beginning of crack formation, a linear dependence of the deformation of concrete fibers is observed.
The magnitudes of relative deformations are practically the same. At the next two stages of loading, a
sharp change in the rate of growth of deformations occurs. The load of the second stage increases by
35%, while the deformations due to the opening of cracks increase by 1.3 times. At the third stage — the
stage of destruction — the load decreases (falls) by 4%, and the deformations increase almost twice,
again due to the opening of already existing cracks. The results of the study provide an opportunity for
further assessment of the influence of dispersed reinforcement of concrete with steel fibers on the
bearing capacity and crack resistance of well rings.

Keywords: well ring, concrete, steel fiber concrete, experiment, stand, bearing capacity,
deformation, crack resistance.

Introduction. Reinforced concrete elements of circular or annular cross-section are used in
many engineering structures, such as wells for various purposes, pressure and non-pressure pipes,
power line supports, water towers, etc. There are a number of problems in the production and
operation of such reinforced concrete products. The main ones are technological problems that arise
during the manufacture of products due to the difficulty of installing the annular spatial
reinforcement frame in the design position. And at the operation stage, especially when it comes to
wells, the main problem is crack resistance and the associated moisture resistance. It seems that an
effective way to solve these problems is dispersed reinforcement of concrete with steel fiber [1, 2].

Analysis of the latest research and publications. Methods of research of concrete and fiber-
reinforced concrete wells are the subject of many publications [3-9]. A special place is occupied by
wells of cylindrical shape, which from the point of view of structural mechanics are long cylindrical
shells. And the main research is devoted to theoretical issues of determining the bearing capacity
and crack resistance of such shells. We note the works [10-13].

Design and calculation of wells is regulated by relevant regulatory documents. In our country,
this is DSTU B V. 2.6-106: 2010 [14]. In several countries of the former USSR — Armenia,
Kazakhstan, Kyrgyzstan — Interstate Standard [15]. In European countries — EN1992-1-4 [16].

Experimental studies of well connecting rings are covered very little, and this small review
indicates that this area of work is relevant.
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Purpose of the work. The purpose of the work is to develop a methodology for conducting
experimental studies of well rings for subsequent assessment of the influence of dispersed
reinforcement of concrete with steel fiber on their bearing capacity and crack resistance.

Materials and research methods. The samples were made of concrete and fiber-reinforced
concrete. The amount of steel fiber in fiber-reinforced concrete is 1% of the product volume.
Preliminary tests were carried out on prisms and cubes, measuring 100x100x400 mm and
100x100x100 mm, respectively, aged for 28 days. Two groups of prisms and cubes were made.
One was made of ordinary concrete (with large aggregate sizes up to 10 mm) of class C20/25 and
the second was made of anchor steel fiber. Each group consisted of nine samples. The prisms and
cubes were made in accordance with regulatory documents [17]. The research used methods of
mathematical statistics, experimental methods of mechanics, and the strain gage method.

Research results. The research was conducted on two series of circular rings. The first series
consisted of rings made of ordinary concrete of class C20/25. When manufacturing the rings of the
second series, steel anchor fiber was added to the concrete in a volume of 1% of the total volume of
concrete. This volume of fiber was determined as optimal in the process of previous research.

For concreting the ring specimens factory-made metal formwork was used. The height of the
rings is H =70,5cm, the outer diameter is d, =83cm , the inner diameter is d, = 70cm . The wall

thickness is 0 =6,5cm (Fig. 1).
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Fig. 1. Sample preparation: metal formwork and sample
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To test the rings, a special force platform was mounted, the appearance of which is shown in
Fig. 2.

Fig. 2. Force platform for testing

The load is applied to the ring under study 1 in two mutually perpendicular directions, which
is carried out by two hydraulic jacks with a capacity of 2.500 kNm? and is controlled by exemplary
dynamometers 3 of the Tokar system of similar capacity. Uniform loading of the rings in height is
ensured by four vertically arranged traverses 5 (Fig. 3).

During the tests, the load, which is simultaneously applied in two mutually perpendicular
planes, and the deformations of individual concrete fibers were recorded. The load was applied in
steps of 0.1 from the destructive one, the value of which was determined in the process of previous
trial tests. Each load step was followed by a five-minute hold. The process of crack formation was
monitored between the load steps. The deformations of individual concrete fibers were measured
using time-type indicators with a division value of 0.001 mm. The deformation measurement base
was 24 cm. Indicators were installed in characteristic zones around the outer perimeter of the ring.
The destructive load was taken to be the value at which the ring lost its ability to resist the load.

Fig. 4 presents the relative deformations of four indicators located in the load transfer zones,
i.e. in the locations of the traverses (Fig. 3). From the results presented in Fig. 4, it follows that the
readings of all indicators located in the middle part of the ring, from the beginning of the load to the
failure, change practically according to the same law (synchronously). The latter indicates the
uniformity of the load along the perimeter of the ring.

The nature of deformation, shown in Fig. 4, can be divided into three stages. At the first stage,
up to the load level of 36 kN, which corresponds to the beginning of crack formation, a linear
dependence of the deformation of concrete fibers is observed. The values of relative deformations
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are practically the same. At the next two stages of loading (Table 1), a sharp change in the rate of
growth of deformations occurs (the angle of inclination of the curves changes significantly). The
load of the second stage increases by 35%, while the deformations due to the opening of cracks
increase by 1.3 times. At the third stage — the stage of destruction — the load decreases (falls) by 4%,

and the deformations increase almost twice, again due to the opening of already existing cracks.
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Fig. 3. Power platform diagram:
1 — concrete ring; 2 — hydraulic jacks; 3 — dynamometers; 4 — transfer rods; 5 — channels reinforced
with plates; 6 — guide rod (channel)
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Fig. 4. Graph of the dependence of relative deformation on load

Table 1 — Relative deformation indicators

Load, kN Indicators performance

1 2 3 4

0.00 0.00 | 0.00 | 0.00 | 0.00
5.50 170 | 1.80 | 1.60 | 0.83
11.00 240 | 417 | 3.20 | 2.50
16.50 4.05 | 6.25 | 5.50 | 4.17
22.00 5.10 | 820 | 7.40 | 6.88
27.50 740 | 9.80 | 9.10 | 8.54
33.00 8.30 | 13.75]13.60 | 11.30
38,50 |11.8015.40)17.10]13.75
44.00 |16.70 | 18.30 | 25.00 | 22.92
49.50 |24.10 | 22.08 | 34.10 | 30.00
55.00 | 30.00 | 28.20 | 35.00 | 45.00
51.40 | 55.00 | 46.10 | 60.20 | 75.80

Conclusions. Thus, a methodology for conducting experimental studies of the bearing
capacity and crack resistance of well rings has been proposed. It has been established that the nature
of the ring deformation under the action of a load uniformly distributed along its perimeter can be
divided into three stages. At the first stage, up to the load level corresponding to the beginning of
crack formation, a linear dependence of the deformation of concrete fibers is observed. The
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magnitudes of relative deformations are practically the same. At the next two stages of loading, a
sharp change in the rate of deformation growth occurs. The load of the second stage increases by
35%, while the deformations due to the opening of cracks increase by 1.3 times. At the third stage,
the stage of destruction, the load decreases (falls) by 4%, and the deformations increase almost
twice, again due to the opening of existing cracks. The results of the study provide an opportunity
for further assessment of the influence of dispersed reinforcement of concrete with steel fibers on
the bearing capacity and crack resistance of well rings.
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AHoTamif. 3amporoHOBAHO METOJIUKY TMPOBEIEHHS EKCIePUMEHTAIBHUX JJOCHIKEHb
HeCy4Yoi 3/JaTHOCTI Ta TPIIIMHOCTIHKOCTI KOJOA3HUX KiJIelb. 3a11300€TOHHI €JIEMEHTH KiJIbIIEBOTO
repepizy BHKOPHCTOBYIOThCS B 0araThOX I1HXKEHEPHHX CIOpyJaX, TaKUX SIK KOJIOJA31 Pi3HOro
MPU3HAYCHHS, HamipHiI Ta Oe3HamipHi TpyOOIPOBOIM, ONOPH JIIHIN eJIeKTponepeaad, BOAOHAIIPHI
Oamtu Tomio. IcHye psnx npoOseM y BUPOOHHMITBI Ta eKCIUTyaTallli TakMX 3alli300€TOHHUX
KOHCTpyKIii. Ilepmr 3a Bce, 1€ TEXHOJOTiIUHI MpoOJeMH, SKI BUHHKAIOTh NPU BHUTOTOBJICHHI
BHpOOIB uepe3 TPYIHOINI BCTAHOBJICHHS KUIBLIEBOrO IPOCTOPOBOrO apMaTypHOro Kapkaca B
MIPOEKTHE TOJOXKEHHS. A Ha eTaml eKcIulyaralii, 0COONMBO SKIIO 1€ CTOCYETbCA KOJIOAS3IB,
OCHOBHa IpoOJieMa — TPINIMHOCTIMKICTh 1 IOB’SI3aHAa 3 HEK BOJOrOCTIiHKICTh. E(deKTUBHUM
Croco0OM BHpIIIEHHS IUX MPOOJIeM € JAUCIIEPCHE apMyBaHHs OeTOHY crajieBoro (ioporo. Ominka
Takoi e(peKTUBHOCTI MOTpeOy€e JTOAATKOBUX JIOCIIKCHb, HacaMIlepe]l CKCIIEPUMEHTAIbHUX. Takux
JOCTIKEeHb, HacaMmIepe ] CIpsIMOBaHUX Ha BUBYEHHS KOJIOJS3HUX KiJIellb, TyKe MaJo.

Jns BumpoOyBaHb Oyna po3poOiieHa Ta BHUTOTOBIEHA CIielliajbHa KOHCTPYKIISl CHJIOBOI
mnatdopmu. BcranoBneHo, mo 3a XapaktepoMm Aedopmarii KUTbLS MM JI€0 HaBaHTa)KCHHS,
PIBHOMIPHO PO3MOJIIJIEHOTO MO0 HOTO MEPUMETPY, MOKHA BUIUIUTH TpH eTanu. Ha mepuiomy erami
70 pIBHA HAaBaHTAXEHHs, 110 BIAMOBIJAE MOYATKy TPIUIMHOYTBOPEHHS, CIIOCTEPIra€ThCsl JiHIMHA
3aNeXHICTh AedopMallii BOTOKOH OeToHy. BenuunHu BimHOCHHUX AedopmMariiii mpakTUIHO OJTHAKOBI.
Ha nBox HacTymHHMX cTamisx HaBaHTaXEHHS BiAOyBae€TbCs pi3ka 3MiHA MIBUIKOCTI 3POCTAHHS
nedopmariiii. HaBaHTakeHHsT Jpyroro cTymeHs 3poctae Ha 35%, a gedopmariii BHACTIIOK
PO3KpUTTS TpimMH 30uIbHIyIOThCA B 1,3 pasu. Ha Tpertiit cramii — cragii pyilHyBaHHA —
HaBaHTAXCHHsI 3MEHITYeThes (manac) Ha 4%, a gedopmariii 30UTBITYIOTECS Maiike BABIYi, 3HOBY XK
TaK{ 32 PaXyHOK PO3KPHUTTS BXXE HASBHHUX TPIIIUH. Pe3ynbTat MOCTiKEHHS JAl0Th MOXKIIUBICThH
JUISL TIOAAJIBIIOI OI[IHKY BIUTUBY JMCIIEPCHOTO apMyBaHHs OeTOHy cTaneBuMH (idpamMu Ha Hecydy
31aTHICTH 1 TPIIHHOCTINKICTD KOJIOJSI3HUX KICIIb.

KurouoBi cjioBa: xonmojs3He Kinblie, 0€TOH, cTanediopoOeToH, eKCIIEPUMEHT, CTeH]I, Hecyda
3/1aTHICTb, eopMallis, TPIIIUHOCTIUKICTD.
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