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ABSTRACT

Cold joints are formed due to the interruption of concreting at the moment of launching and mixing (Torres,
2016). The formation of cold joints besides directly influencing the properties of the hardened concrete
represents a common occurrence during the concreting phase in the works. As stated by Harsem (2005), the
formation of the cold joints can directly affect the structural performance of the parts, reducing the mechanical
characteristics of supported tension, and deformation. For Sampaio (2010) it is fundamental that the surface of
the joint is treated properly so that the constructive discontinuity that the joint creates does not translate into
structural discontinuity. In this sense, a material that has been widely used in the present day for concrete
reinforcement is steel fibers, which can be applied in cases of joint formation. According to Banthia (2007),
these fibers can be effective in arresting cracks at both micro and macro levels. Thus, the present article seeks to
analyze the influence of cold joints on concrete parts and to evaluate, through an experimental study, the
performance of the use of steel fibers in the bonding between concretes of different ages, aiming to improve the
adhesion in the region of union among them, as well as to verify possible elevations of their resistance in the
areas known as fragile planes. The results of this work show that in some cases CRF can improve its
performance by up to 25%. The steel fibers were effective in the relief of pebbles in the joint joints and had a
mechanism of rupture in the generalized cases that were used.

KEYWORDS: Cold joints, tilt joints, steel fibers, experimental study.

1. INTRODUCTION

Concrete is characterized by being one of the materials most used in the construction industry. Its wide
application is associated with its favorable cost-effectiveness, durability (Choi, 2015) and easy availability
(Metha, 1993), which make this component one of the most common materials in the construction of structures,
since these characteristics are linked to the high mechanical strengths provided by this compound. However, its
production process is influenced by several factors, and its final quality depends almost exclusively on the
production workforce (Neville, 2016).

Inadequate execution of the concrete production processes can generate failures that affect its final performance,
compromising strength and durability. Roque and Moreno Janior (2005) declare that it is essential, in order to
guarantee the durability of the concrete, that due care is taken in the execution phase, in order to obtain
satisfactory levels of quality, especially with regard to launching, and the cure of concrete. In this sense, it is
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ideal that the integral stages of the concrete manufacturing process, such as: transportation, curing, densification
and mixing time are carried out satisfactorily, contributing to the proper functioning of the structure, in order to
avoid damages to its useful life service.

Thus, one of the main parameters that can measure the quality control of concrete is the existence of pores,
which directly affect its durability (Choi, 2015), since these can favor the passage of ions in the structure and
cause degradation in the steel contained in reinforced concrete pieces (Legat 2007, Ishida 2003, Maekawa
2003). Among the factors that contribute to the formation of concrete parts are the cold joints. Lima and
Siqueira (2010) affirm that the intrinsic causes of concrete joints are associated with human failures during
construction.

Cold joints are formed due to the interruption of concreting at the moment of launching and mixing (Torres,
2016). These joints, which may occur due to the delay in the placement of untreated concrete between the new
concrete (Yoo, 2016), can affect both corrosion resistance and shear force strength (JSCE 2000, Rathi, 2013,
ACI 224.3R-95 2005). As stated by Harsem (2005), the formation of the cold joints can directly affect the
structural performance of the parts, reducing the mechanical characteristics of supported tension, and
deformation. The following figure exemplifies the formation of a cold joint (Volz, 1997).
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Figure 1: Cold joint formation (Volz, 2007).

In recent years, several studies have been carried out on the subject, with different approaches. From the
perspective of the composition of the fresh concrete mix, Rathi (2013), approached in his work, a methodology
to delay the effect of the handle on the concrete and to avoid the formation of cold joints, obtaining satisfactory
results with the use of the tested additive. For the concrete in its hardened state, Yoo (2016) quantitatively
investigated the increase of supported stress in concrete pieces with presence of cold joint through the addition
of granulated blast furnace slag and evaluated the action of chlorides, which accelerate the corrosion process of
the reinforcement, in the region of the cold joints, adding blast furnace slag. Still in this segment, Torres (2016),
tested in his work, the resistance of concrete pieces submitted to the formation of cold joints with slopes and in
different times of formation, through a theoretical and experimental study.

The formation of cold joints, besides directly influencing the properties of hardened concrete, is a common
occurrence during the concreting phase in the works, so it is very important to know the behavior of this
phenomenon and its mechanisms of constitution. Marek and Vanderlei (1997) state that the contact region
between concretes of different ages is usually the region most susceptible to problems. In addition to being an
area with a high risk of segregation of materials, it is also a region where there is a high probability that there
will be layers of cement cream, which act as a layer of low resistance and decrease the adhesion between the
two concretes.

Para Sampaio (2008) é fundamental que a superficie da junta seja tratada adequadamente para que a
descontinuidade construtiva que a junta cria, ndo se traduza em descontinuidade estrutural. A NBR 14931:2004
permite a utilizacdo de materiais para melhorar a aderéncia entre as camadas de concreto em uma junta de
concretagem, desde que estes ndo causem danos ao concreto e seja possivel comprovar desempenho pelo menos
igual ao dos métodos tradicionalmente utilizados. Varios pesquisadores destacam-se no desenvolvimeto de
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tecnologias para reforgar a juncdo entre concretos de diferentes idades, dentre eles MATTOCK et al. (1972),
MATTOCK et al. (1975), MATTOCK et al.(1976), REINHARDT (1982), MATTOCK et al. (1988),
WALRAVEN e STROBAND (1993), JANSZE e WALRAVEN (1996), ZILCH eREINECKE (2000).

In this sense, a material that has been widely used, for reinforcement in the concrete are the steel fibers.
According to Banthia (2007), these fibers can be effective in arresting cracks at both micro and macro levels. At
the micro level, the fibers inhibit the initiation and growth of cracks, and after the micro-cracks coalesce into
macro-cracks, the fibers provide mechanisms that decrease their unstable propagation, provide effective bridges,
and transmit sources of strength, hardness and ductility gain . The introduction of steel fibers in the concrete
matrix characterizes CRFA (Reinforced Concrete with Steel Fiber), which according to Katzer (2006), is
nowadays mainly used to overcome the problem of concrete brittleness. Figure 2 illustrates the performance of
the fiber in areas subject to cracking (Figueiredo, 2005).
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Figure 02. Steel fiber performance ih stress relief (AF'igueiredo, 2005).

In this paper, the aim of this paper is to analyze the influence of cold joints on concrete parts and to evaluate,
through an experimental study, the performance of the use of steel fibers in the bonding between concretes of
different ages, aiming to improve the adhesion in the region of union between them, as well as verify possible
elevations of their resistance in the areas with concrete joints, known as fragile planes. For this, an experimental
program based on the test of tensile strength and compression in concrete cylinders with dimensions
100mmx200mm, considering different configurations: a reference without joints, horizontal joints and diagonal
joints was set up.

2. MATERIALS AND METHODS

Composite materials

The experimental study allowed to evaluate the tensile strength and compression of concrete elements with the
formation of cold joints arranged diagonally and horizontally, with and without the addition of steel fibers. For
this, tests of direct compression and diametrical compression were carried out following the recommendations
of NBR7222: 2011 and NBR5739: 2007 in cylindrical bodies measuring 100x200 mm. Reference specimens
were produced, without the formation of joints, for further analysis and comparison of the results with the other
elements. The joints produced on the parts had a 24 hour formation interval and the strength of the parts were
tested over 3, 7 and 28 days, except for the steel fiber parts, which were tested only for 28 days.
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No formation of jointsHorizontal jointsDiagonal seals
Figure 3: Configuration of the elements to be tested.

The concrete used to produce the elements was initially defined and characterized according to the
recommendations of the ABCP method for final strength of 25 MPa. This method of measurement is based on
aggregate granulometric analysis to determine the modulus of fineness of the aggregate, maximum size of the
aggregate, and the specific and compacted mass of both (CURTI, 2009). Defining the trait for the fck adopted,
this was maintained during all stages of concreting the elements, to ensure the maintenance of the same
mechanical characteristics. The characteristics of the materials used are described below in Figure:

Figura 04: Aggregate characterization tests.
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Figure 05: Molding and curing of the elements.

During the concrete production stage the rebates were observed in the Slump Test test and compared with those
described in the design. The curing process was performed by immersion in water and the specimens were kept
submerged until approximately 24 hours prior to the breaking tests.

The implementation of steel fibers in the plan of joint formation was one of the objectives of this study. In this
way, tests were performed with the addition of fibers in the concrete cylinders, in order to verify the efficiency
of this additive in increasing the resistance of the elements. The characteristics of the fiber used fit the
recommendations of NBR5589: 82 and provide tensile strength up to 400 MPa. According to NBR15530: 2007,
the fiber used is class | type A, with anchoring at the ends of cold drawn wire.
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Figure 06: Dimensions and shape of the fiber used.

The fibers were arranged in such a way that the upper and lower faces of the cylinders were orthogonal, acting
favorably in the planes with higher tensions. The introduction of fibers into the concrete pieces occurred only in
the region of joint formation, dispensing its use in the rest of the body. The volume of fibers used obeyed the
formulation below that considers the orientation effects of the fiber (Figueiredo, 2000).

— Emufc (EQ.1)

ferie. — Ofull1

Where € mu is the ultimate deformation of the matrix, E_c is the elastic deformation modulus of the matrix,
c_fu is the tensile strength of the fiber and n_1 is the critical volume correction factor as a function of fiber
orientation. For a concrete reinforced with steel fibers, the following reference values are adopted: ¢ mu =
100.10-6; E ¢ = 25000 MPa; ¢_fu = 1100; n_1 = 0.2; which leads to a value close to 1% (Pasa, 2007). The
amount of fiber used considered only 1/3 of the volume of the concrete cylinder, an approximation for the
region with the joint forming plane.

Durante o programa experimental foram ensaiadas trés amostras de cada elemento para a determinagdo de um
resultado. Ao todo foram confeccionados 72 corpos de prova, divididos em amostras de referéncia, juntas
simples e juntas com fibras. Para identificar os testes realizados e o programa experimental adotado, os
elementos foram organizados em uma tabela, onde para cada protétipo foi atribuida uma legenda e designado a
idade para rompimento.

Tabela 02: Legenda para elementos ensaiados.

Identificacao Designacéo Rompimento
CR Concrete reference 3,7, 28 dias
CJHS Concrete with single horizontal joint 3,7, 28 dias
CJDS Concrete with simple diagonal joint 3, 7,28 dias
CJHRF Concrete with fiber reinforced horizontal joint 28 dias
CJDRF Concrete with diagonal reinforcement with fiber 28 dias

The studies carried out were aimed at analyzing, besides the rupture loads, the behavior and mechanism of
rupture of the elements, associating them with the stress planes developed in the concrete cylinder. The general
plane stress state at one point is represented by the combination of two normal voltage components, ¢_x, c_V,
and a shear stress component, t_xy, which act on the faces of the infinitesimal element. In order to analyze the
stresses in the joint formation planes, the main stress and shear stress equations in the plane were studied in the
Hibbeler (2010) literature. The boundary conditions imposed with the loading and bonding of the studied model
allow to characterize the structure submitted only to main tensions:

Ox+t0: Oyx—0: 2
o, =221 (%) + Tyy? (EQ.2)

_ 2
Tnax = (M) + Txyz (EQ.3)

2
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The voltage transformation equations in the plane are:

Opr = @ + @cos 20 + 14, sin 26 (EQ. 4)

Oy, = @ - @cos 20 — 1y, sin 20 (EQ.5)

Application of force ‘
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gy Element
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Figure 07:Orientation of element subjected to the main voltage.

In this study, stresses developed in the direction normal to the joint forming plane will represent the stresses of
ruptures, while the shear stresses will refer to the maximum tension of adhesion in the concrete matrix. Thus,
when failure occurs by the maximum shear stress, it will indicate that the concreting joint formed at 45 ° does
not favor sufficient adhesion to withstand the loading imposed. Figure 08 illustrates the voltage variation
according to the orientation plane (Guerrante, 2015).
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Figure 08:Slope variation in the inclined plane (Guerrante 2015)

Obtaining the failure stress data and analyzing the cold joint rupture mechanism were compared with the results
obtained from the non-jointed bodies (Concrete reference), and determined at the percentages of reduction of the
bearing capacity of the samples. Another parameter analyzed during the tests refers to the behavior of the stress
and deformation of the elements, considering that the specimens increased with fibers tend to have certain
stability after the elements rupture, as explained by Lim (1987).
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Figure 9: (a) Voltage x Concrete Deformation (b) Voltage x Deformation CRF (Lim, 1987)

3. EXPERIMENTAL PROGRAM
The tests of uniaxial compression and indirect traction applied to the test bodies were performed in a computer
controlled electronic universal testing machine. During loading, a table speed of 0.2 mm / minute was
maintained, representing an average rate of (specify force application). The data acquisition software of the
machine made it possible to record the force x deformation curve, automatically identifying the maximum force
supported.

Figure 10: Universal Tésﬁﬁg Machine.

The elements submitted to the uniaxial compression test were properly centered in the axis of application of the
load and supported with Neoprene discs on the compressed faces. The constant loading of 0.2 mm / min that
was maintained until the pieces broke, simulated the condition of static forces in the concrete cylinders. The
tensile strength of the elements was tested on all prototypes.

The indirect traction experiment was applied to the elements with and without cold joints, being carried out with
speed rate equal to (INDICATE). The contact between the load application cell and the curved face of the
cylinder was made by inserting a sufficiently rigid steel disc. The positioning of the piece was carried out in
such a way that the cold joint simulated the most common condition of its formation at the construction sites,
where the CJD (Concrete Joint Diagonal) simulated beams and slabs and the CJH (Concrete Horizontal Joint)
pillars.
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Figure 11:Positioning of the elements.

The confection of the elements with concreting joints was made with the same cylindrical molds used for the
manufacture of the reference threads. The faces of the pieces with cold joints simulated the conditions imposed
on construction sites, in which the roughness of the aggregates was maintained on the contact surface. Both
halves of joint elements were densified in the same way, with a metal rod. Diagonal joints were produced from
the inclination of the molds during the period in which the concrete of the first part was in the fresh period. In
order to launch the second blend, only a wetting of the contact surface was performed. Figure 9 shows the
positioning of the concreting molds.

100 mm

«——— —
A
200 mm
4

Stands for CJD

b

&

Figure 12: Detail and positioning of molds.

4. RESULTS
At first, it was tried to determine the modulus of elasticity of each material tested according to mechanical
resistance to compression at 28 days of age, in order to identify the differences regarding this mechanical
property of CR, CJHS, CIDS, CJHRF, CIDRF. Subsequently, the stress and strain behavior of these elements
and their respective load capacities are analyzed.
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Figure 13: Modulus of elasticity

The mechanical strength of the samples was adopted as the arithmetic mean of the elements tested at the age of
28 days. Graphs 1 and 2 indicate the resistance obtained in the tests of uniaxial compression and indirect traction
of the concrete cylinders, in the graphical representation the axis of the ordinates refers to the type of element
tested, and the axis of the abscissa is the characteristic value of the resistance.
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Figure 15: Tensile test

Analyzing the previous graphs, it was observed that in the compression tests, there was a reduction in the
bearing capacity of the pieces formed with concreting jute, proving that this constitutes an aggravating factor in
the mechanical characteristics in concrete elements. The tests with CJHS presented better results than those
performed with CJDS, this can be explained by the fact that the maximum shear stresses are identified in the
plane of 45 °, the same plane of joint formation in the CJDS. With respect to the compressive strength in the
elements implemented with fiber, it was noticed a reduction in the support capacity in both plans of formation of
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the joints, compared with the elements without fibers. This fact can be explained by the inadequate fiber
volume, leading to the formation of voids inside the concrete matrix, considering that in the compression tests
equivalent results were expected. With respect to the reference concrete the reductions in the compressive
strength of the CJHS, CJDS, CJHRF and CJDRF, were respectively 9.75%; 18.92%, 20.48% and 29.37%
respectively.

The characteristic values of the traction test presented maximum results for the CJHRF elements, surpassing the
CR value by 27.76%; the increase of the resistance observed in this case comes from the relief of the tensions in
the plane due to the contribution of the fiber in the combat to the tensile stresses. Regarding the CIDRF
elements, no improvement of resistance was observed with fiber implementation. However, it is observed that
the orientation of the fiber in the concrete matrix was not favorable to combat tensile stresses, presenting results
similar to the CJDS.

During the tensile tests performed on the cylinders of all specificities, the tensile stresses inherent to each
associated strain were recorded, and the graph of figure 16 was assembled. As discussed by Pisa (2007) in figure
09, the effect of the stability of the supported load was identified in the composite of test with fiber, revealing
the efficiency of the fibers in the combat of tensile forces.

2.8
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Figure 16: Relation of the tension and deformation of the bodies.

According to the tensions developed and the plan of formation of the joints two mechanisms of rupture of the
specimens were observed: generalized rupture or monolithic rupture, and cracking in the concreting joint. The
first type of failure was observed when there were fissures outside the concreting joint formation plane, even if
the aggregate rupture occurred, the second case was associated to faults occurring at the joint formation site. The
latter mechanism is associated with poor adherence between concrete mixtures at 24-hour intervals. The normal
and tangential stresses considered were calculated using the equation presented in 2, 3 and 4. Table 03
summarizes the supported average tensions and the tension tension associated with shear stress tnt shown in
figure 08.

Tabela 03: Comparison of results

Identificacéo Inclination Mean stress rupture (MPa)

0 oy on nt
CR 0° 24,50 24,50 0,00
CJHS 0° 22,11 22,11 0,00
CJHRF 0° 19,48 19,48 0,00
CJDS 45° 19,86 9,93 9,93
CJDRF 45° 17,30 8,65 8,65
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The adhesion stresses shown in Table 3 and the rupture mechanism in Table 4 indicate that in the elements
implemented with steel fiber the rupture was monolithic, while in the CJHS and CJDS fracture rupture was
observed in the joint region. The compression rupture mechanism is illustrated in Figures 17 to 19.

B S -

Figure 17:CR up'ture“compression test

5. CONCLUSIONS
Considering the results presented, it is possible to affirm that the formation of cold joints in concrete pieces can
reduce their ultimate tensile strength to values close to 30%. Another important consideration is that the
inclination of the joint forming plane directly influences the mechanical strength of the part, with the worst
results being observed with its formation at 45 ° from the plane of action of the load.

The increase of fibers in the region of joint formation allowed to evaluate that in the compression tests the
addition of these decreased the resistance of the part, however, in tests of traction there was a substantial
improvement of its resistance, especially in the elements CJHF. The addition of oriented fibers in the direction
of maximum stresses should be a factor taken into account in the reinforcement of concrete pieces, since the
quantity used in concrete of different ages can cause the formation of internal voids. It was observed that the use
of fibers confirmed the stability of the parts as to the voltage acting after the collapse of the parts, as Pisa (2007)
had already determined.

Thus, it is concluded that the addition of steel fibers can improve the performance of cold-formed concrete parts,
especially in the combat of tensile forces, however their application requires more detailed studies on the ideal
volume in the composition of the mixture , so as not to negatively influence other mechanical properties of
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concrete parts. In later works we intend to analyze the ideal fiber volume for the concrete traces adopted, as well
as to construct computational and numerical models to describe the behavior of structures on a larger scale.
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