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Abstract. The article considers the process of cold joints formation that arise as a result of
interruptions during the placement of concrete mix and can significantly affect the subsequent
mechanical behavior of concrete and reinforced concrete structures. The characteristic defects that
are formed both at the manufacturing stage and during the operation of structural elements, as well
as their impact on durability and load-bearing capacity, are analyzed in detail. Special attention is
paid to modern methods and materials used for the repair and restoration of damaged concrete
elements, in particular, special repair mixtures, modified cements, chemical additives and approaches
to base preparation. One of the key methods considered in the work is the technology of wet shotcrete,
which allows for effective restoration of damaged areas and ensuring high-quality adhesion between
old and new concrete. The features of regulating the technical properties of repair mixtures by using
optimal compositions, selection of aggregates, modification of the mixture and control of hardening
conditions are presented. The importance of proper surface preparation of existing concrete is
emphasized, which largely determines the quality of the contact zone.

The study is aimed at determining the optimal parameters for applying repair materials by
shotcrete. In laboratory conditions, partial application of a 1 cm thick layer of repair mixture was used
using a compact test rig. A method for determining the tensile strength of fine-grained concrete during
bending was developed using standardized forms modernized with special partitions. Prepared halves
of beams with surface angles of 90°, 45° and 22.5° to the horizontal were used as elements of "old
concrete”. Such a design solution allowed to increase the contact area, minimize flow turbulence
during spraying and assess the influence of the spatial position of the cold joint.

Within the framework of the study, a two-factor nine-point experimental design was formed, in
which the angle of the cold joint plane (90°, 45°, 22.5°) and the speed of spraying the shotcrete-fiber
concrete mixture (0 m/s, 35 m/s, 70 m/s) were varied. A set of experimental tests was carried out, the
results of which are presented and analyzed in the work, which allowed us to establish the regularities
of changes in the strength and nature of the fracture of the repaired samples.

Keywords: cold joint concreting, wet shotcrete method, repair work, partial shotcrete,
experimental planning.

Introduction. The characteristics of the concrete structures depends largely on the integrity of
the material throughout its volume. Sometimes, due to interruptions or delays in the concreting
procedure, when the second batch of concrete is not poured immediately after the first one, cold joints
occur [1-4]. In such situations, surface of weakness is created in the concrete element body, which
can result in the structural problems in the final concrete structure [5].

Monolithic concreting is usually performed floor by floor, and delay in the concrete mix
inevitably creates the potential for cold joints to form at column-slab and column-beam joints. Large
foundation elements may require segmented concreting due to time constraints, creating parts prone
to cold joints. Their location and dimensions should generally be determined by the type of structure
in order to guarantee its functionality and aesthetic appearance [6].
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Analysis of recent research and publications. The previous studies have mainly focused on
the general effect of cold joints on concrete properties such as compressive strength, tensile strength
and durability. However, the specific effect of cold joint arrangement on the bending behavior of
concrete elements has not been thoroughly investigated. The ability of the system to withstand the
maximum force depends on factors such as the location of the cold joint, the pouring interval and the
relationship between the location of the cold joint and the direction of the applied forces [7].

The regulatory documents state that concrete mixtures are recommended to be arranged in
structures that are concreted in horizontal layers of the same thickness without gaps with a consistent
direction of laying in one direction in all layers. The surface of the construction joints arranged when
laying the concrete mixture with interruptions should be perpendicular to the axis of the columns and
beams, the surface of the slabs and walls that are being concreted. Re-concreting is allowed to be
performed after the concrete reaches a strength of at least 1.5 MPa [8, 9].

In order to prevent the formation of cold joints and excessive settlement or overloading of the mould
and its supporting structures, it is necessary to choose an appropriate speed for placing and compacting
the concrete mix. During molding, a cold joint may form if the concrete mix hardens before the subsequent
layer of concrete mix is placed and compacted. Special attention should be paid to the areas where
previously placed concrete mix has not been compacted before placing the subsequent layer [10].

Before concreting, the location of the construction joints should be carefully considered and
their position agreed. They should usually be located at right angles to the direction of the element.
If special preparation of the joint surfaces is required, this should be indicated [8-10].

Partial shotcrete is applied to arrange cold joints using a shotcrete gun. With this method, a thin
layer of shotcrete is applied for further concreting [11].

By analyzing the impact of cold joints and their control in different elements and at different
angles, the study provides valuable information for construction, contractors and workers on the
construction site in order to optimize construction protocols during large-scale concreting.

The purpose of the study presented in the paper is to determine the analytical dependences of
the tensile strength index during bending of repair mixtures applied by wet shotcrete technology with
a compact installation when arranging cold joints.

The objectives of the study are to analyze modern methods and materials applied for the repair
of concrete and reinforced concrete elements of building structures and structures, including for the
control of cold joints. To investigate the fracture of cold joints specimens placed at an angle.

Materials and study methods. When repairing with cement mortars and concrete, depending
on specific conditions, special requirements are imposed on them: acceleration of the hardening rate,
slowing down the setting process, the possibility of thinning the concrete mixture, no shrinkage or
expansion, high density, chemical resistance and adhesion to "old" concrete. Regulation of the
technical properties of concrete is achieved by applying special types of cement, additives and
aggregates, special laying methods and hardening conditions, as well as appropriate preparation of
the surface of old concrete [12, 13].

Partial application of shotcrete by wet method was carried out by a compact shotcrete installation
(Fig. 1), which operates with compressed air from a mobile compressor station of appropriate capacity.
The low-power operation of the compact installation can be effectively used for the installation and repair
of thin-walled reinforced concrete elements of buildings. The bunker gun (hopper) is designed according
to the principle of a compressor nozzle and has a bunker volume of 6 dm3. With a coating thickness of
10 mm, in two layers, the gun’s performance is about 10 m?/h.

Compared to the dry method, the wet shotcrete method requires more work at the beginning
(preparation and feeding the mixture into the pump) and at the end (cleaning the equipment). In
addition, the wet shotcrete method has a limited time of use of the prepared mixture, and if the
concrete mixture is not applied during this time, the mixture cannot be used.

The composition of the mixture for the wet shotcrete method contains: cement, inert materials,
additives (superplasticizers), liquid, fibers (dispersed reinforcement). The same requirements are
imposed on shotcrete-concrete mixtures in construction as on conventional concrete mixtures.
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Fig. 1. Compact shotcrete installation:
1 — hopper; 2 — compressor; 3 — hose

It is much more difficult to achieve all of the above-mentioned requirements with wet shotcrete,
especially on open construction sites. Previously, this was completely impractical, but today it is
possible to approach the ideal composition of the mixture by means of special additives. A very
important criterion for shotcrete mixtures is the number of small particles that make up the bulk of
the composition, and the strength characteristics.

The concrete bases have high absorption and absorb most of the moisture from the repair
mixture. To prevent the repair mixture from peeling off in the first year, a penetrating primer should
be applied. For example, consider the use of Knauf Betokontakt as a preparation for high-quality
finishing of concrete and foam concrete surfaces. The mortar does not penetrate deeply into the base
and in most cases penetrates the surface at a level of 4-5 mm. However, the main advantage of this
composition is that it creates high adhesion on porous surfaces. As soon as the liquid dries, a rough
layer is formed, finishing materials adhere perfectly [14].

For an experiment to determine the tensile strength of fine-grained concrete during bending of the
repair mixture. To check the adhesion of fine-grained shotcrete, a mold for beam samples 4x4x16 cm and
finished half-samples in the form of old concrete with age of 1 day was used. This mold is most suitable
for creating samples of fine-grained shotcrete for preliminary experiments. The ends of the finished halves
were made at angles of 90° —according to the requirements of regulatory documents, 45° — average value,
and 22.5° — similar to the natural angle of spreading of the concrete mixture, degrees with a change in the
behavior of the air flow in the shotcrete technology and a change in the contact area (Fig. 2).

Fig. 2. Location of cold joints of beam samples:
a—90° b - 45° ¢c-22.5°
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Study results. The shortened experimental design with accepted factors was selected and
ranges of variation of the parameters of the fine-grained shotcrete layer thickness are summarized in
Table 1 [15, 16]. The study assumed changing the angles of the surface of the cold joints from 90° to
22.5° for the sanmples of the previous concreting layer, while the speed of the mixture supply varied
from 0 to 70 m/s.

Table 1 — Experimental plan and parameter levels

Normalzed values of factors Natural values of factors
No. X1 Xo
X1 X2
Angle, ° Speed, m/s
1 -1 -1 90 0
2 -1 0 90 35
3 -1 1 90 70
4 0 -1 45 0
5 0 0 45 35
6 0 1 45 70
7 1 -1 22.5 0
8 1 0 22.5 35
9 1 1 22.5 70

The BauGut plasticizer was applied as a modifier. Due to this agent, it became possible to
significantly increase the concrete mixture plasticity without the need to change the water-cement
ratio, i.e. without increasing the water content, which facilitates the formation of a layer of fine-
grained concrete during application.

To improve the physical characteristics of the material, basalt fiber was included in the composition
of the fine-grained shotcrete mixture. To ensure the correct operation of the shotcrete installation with a
bunker gun with a diameter of 9 mm, basalt fibers were crushed to a length of 3-4 mm.

The test samples were manufactured in standard molds intended for the formation of the beams
made of fine-grained concrete measuring 40x40x160 mm (Fig. 3). The characteristics of the molds
for the manufacture of such beams were as follows: type — beam mold (BM); number of samples — 3;
width — 40 mm; length — 160 mm; height — 40 mm [15, 16].

Fig. 3. Partial shotcreting of the sample surfaces of the previous layer of concreting in a standard mold
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The modified inserts were applied in order to prevent manufacturing defects in the lower
corners caused by compressed air vortices during shotcreting. Following generally accepted practice
for placing concrete, cement milk from the cold joint surface was removed in 24 hours, partially
shotcreted and poured with the next layer of concrete.

In order to so simulate the conditions of monolithic structure concreting interruption, samples
in the form of half-beams measuring 4x4x16 cm were applied as a base, one end of which was
inclined at an angle of 90° to 22.5° relative to the horizontal. Additionally, this form was modified
using insertable perforated partitions, which allowed the manufacture of shotcrete samples in a
laboratory environment, taking into account the characteristics of the mobile equipment used for
applying the mixture.

The samples were tested using MI-100 equipment, which is designed to determine the tensile
strength of samples with a size of 40x40x160 mm i.e., which were manufactured in beam forms. The
load is transmitted to the center of the beam, so the cold joint was located in the central part. The
force acting on the beam is directed vertically, so the joint was located in the horizontal plane so that
it contributes to the greatest loads. The adhesion of the sample cold joint at an angle of 45° withstands
the forces that arise during destruction (Fig. 4). The plane of the beam section passes through the
center and through the material of the previous and subsequent layers of concreting.

Fig. 4. Sample failure relative to the location of beam cold joints

Conclusion and further study prospects:

1. The preparation of the surface of previous concrete layer and the application of primers
described in the paper contribute to improving adhesion when arranging cold joints.

2. The cold joints arranged according to the technology and placed at an angle withstand the
load, and the destruction of the samples occurs in a different plane.

3. A compact installation for wet fine-grained shotcrete can be applied to arrange cold joints
that arise during monolithic concreting.

4. A promising direction of study is partial shotcreting with a compact installation when
arranging cold joints in heavy concrete.
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AHoTamif. Y CTarTi pO3IJISHYTO IMPOLIEC YTBOPEHHS XOJOJHUX IIBIB, IIO0 BHHHUKAIOTh
YHACIIIOK TIEPepB IiJl Yac yKJIaJaHHs OSTOHHOI CyMIllli Ta 3[1aTHI CYTTEBO BIUIMBATH HA MOAAIBITY
MEXaHIYHy IIOBEJIHKY OCTOHHHMX 1 3ali300€TOHHHMX KOHCTPYKIiH. [leTanpHO mpoaHai3oBaHO
xapaktepHi aedexTH, ki GOpMYyIOThCS SIK HAa CTajlii BUTOTOBJCHHS, TaK 1 IiJ Yac €KCIUTyaTtarii
€JIEMEHTIB KOHCTPYKIIiH, a TAKOK IXHiH BILUTMB Ha JJOBIOBIYHICTh Ta HECY4y 3/1aTHICTh. OKpemy yBary
MPUIUICHO CydYacHHMM METOJaM Ta Marepiajiam, 10 3aCTOCOBYIOTHCS JJISl PEMOHTY W BiJTHOBJICHHS
MOIIKO/PKEHUX OETOHHUX €JIEMEHTIB, 30KpeMa cliellialbHUM PEMOHTHUM cyMiliam, MOIU(iKOBaHUM
LEMEHTaM, XIMIYHUM J00aBKaM Ta MiAX0[4aM IO MiATOTOBKH OCHOBH.

OmHuM 3 KJIFOYOBHX METOMIB, PO3TJISHYTHX y POOOTi, € TEXHOJOTiI MOKPOTO CIOCO0Y
TOPKPETYBaHHA, sKa J03BOJIAE€ €()EKTUBHO BiIHOBIIIOBATH IOIIKOKEHI 30HM Ta 3a0e3nedyBaTu
SIKICHE 34YETUICHHS MK CTapuM 1 HOBUM OeToHOM. HaBeneHo 0coOIMBOCTI peryIfoBaHHS TEXHIYHUX
BJIACTUBOCTEH PEMOHTHHUX CYMIIIed NUISXOM BHKOPHCTAaHHS ONTUMAIbHUX CKIAAIB, MiIOOpy
3aroBHIOBaYiB, MOJU(IKYBaHHS CyMIIlll Ta KOHTPOJIIO YMOB TBepAiHHSA. [liIKpecieHo BaKIMBICTh
HAJIEKHOI MIJIrOTOBKM MOBEPXHI ICHYIOYOro O€TOHy, IO 3HAYHOK MIpOK BH3HAUYA€E SKICTh
KOHTAKTHOI 30HH.

JlocmikeHHs cripsIMOBaHe Ha BU3HAUEHHS ONTUMAJIbHUX IapaMeTpiB HAaHECEHHS PEMOHTHUX
MaTepialiB METOJIOM TOpPKpETyBaHHS. Y IJIabOpaTOPHUX yMOBaX BUKOPHUCTOBYBAJIOCS YaCTKOBE
HAHECEHHS IIapy PEMOHTHOI CyMillli TOBIIMHOKO 1 CM 3a I0MOMOI0I0 KOMITAKTHOI BUNPOOYBaJIbHOT
yCTaHOBKH. P03p00eHO METOIMKY BU3HAUYCHHSI MIITHOCTI Ha PO3TAT MPU BUTHHI IPIOHO3EPHUCTOTO
OeToHy 13 3aCTOCYyBaHHSM CTaHJApPTU30BaHUX (OPM, MOJEPHI30BAHUX  CHEMiaIbHUMU
neperopoakamu. Sk elreMeHTH «CTaporo O0eTOHY» BHKOPHUCTOBYBAJIHUCH IMiJITOTOBIIEHI MOJIOBUHKU
6ano4ok 13 KyTamu moBepxHi 90°, 45° Tta 22,5° no ropuzonrami. Take KOHCTPYKTUBHE pillIEHHS
JI03BOJIMJIO 301IBIIMTH TUIONTY KOHTAKTy, MIHIMI3yBaTH TypOyJIEHTHICTh MOTOKY MpU HAOpU3KY Ta
OLIIHUTH BILJIMB ITPOCTOPOBOTO MOJIOKEHHS XOJIOAHOTO IIBA.

VY Mexax 1ocnipkeHHs chOpMOBaHO ABOPAKTOPHUH J1eB’ ITUTOYKOBUH IJIaH €KCIIEPUMEHTY, Y
SKOMY BapilOBaJIUCs KyT pO3TalllyBaHHS IUIOLIMHU XoJogHoro mBa (90°, 45°, 22,5°) ta mBUAKICTH
HaOpu3ky TopkperdiOpobdeTonnoi cymimi (0 m/c, 35 wm/c, 70 wm/c). IlpoBeneHo komruiekc
eKCIIepUMEHTAIbHUX BUIIPOOYBaHb, Pe3yibTaTH SKUX HABEJCHI Ta MpoaHali3oBaHi B poOOTi, 1110
JI03BOJIMJIO BCTAHOBUTH 3aKOHOMIPHOCTI 3MIHM MIIIHOCTI Ta XapakTepy pyHHyBaHHS PEMOHTOBaHUX
3pa3KiB.

KurouoBi cjoBa: xonofHi mBu OETOHYBaHHS, MOKpPUH CIOCIO TOPKpETyBaHHS, PEMOHTHI
po0OTH, YACTKOBE TOPKPETYBaHHS, IUIAHyBaHHS €KCIIEPUMEHTY .
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