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Mechanics of Materials

Strength limit of concrete under repeated static loads

Nino Ptskialadze
ptskialadzenino@yahoo.com
Georgian Technical University
Thilisi, Georgia

In free (unconfined) concrete, until reaching the limit of long-term resistance during
creep and the limit of strength during repeated loading, the generation and propagation
of irreversible microcracks and ruptures is channeled, and only reversible microcracks
are formed and propagated. After reaching the mentioned limits, reversible microcracks
will definitely appear and grow into irreversible ones. Irreversible microcracks prevent
quenching of creep deformation and lead to rupture. The formation and propagation of
reversible and irreversible microcracks is not a cause at all, but rather a consequence of
the creep of concrete caused by the water-splitting action within it. It is established that
the growth of concrete flow deformation slows down exactly as during repeated stress,

which does not exceed the strength limit.
Keywords: strength limit, age of concrete, limit deformation, creep deformation.

Industrial, hydraulic, energy, vehicle concrete and reinforced concrete
structures are subjected to multiple repeated loads during operation, some of
them are systematically affected by water and mineral oils. Naturally, when
calculating the strength of such structures, it is necessary to take into account
the number of repeated loading cycles and the impact of the environment.
Meanwhile, the norms give the calculated resistance only for natural moisture

— &
concrete and only for ™ = 2x10

cycles. During several repeated static loading
of concrete, its strength and stiffness characteristics change under compressive
load. Determining factors of low cycle strength of concrete are load level in soft
mode or deformation amplitude in hard mode, coefficient of cycle asymmetry
and water saturation.

It is established that in some cases the short-term strength of elements of
concrete and reinforced concrete structures increases after a long relatively high
compressive load.

After a long compression, with noncentral compressive and bending forces
that increase continuously or monotonically with time, but not more than 0.8-

0.89 at the moment of application of the breaking load at t=28 days, it is higher
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than or equal to the strength of unloaded elements. The strength of the latter
can usually be considered as an underestimation of the strength of the loaded
elements. This can be explained by the fact that, after several loading-unloading
cycles, a linear relationship is established, i.e. Concrete begins to work elastically.
In this case, the limit elastic deformation EHP is reached, which represents the
boundary of microcrack formation. If the load acting on the concrete exceeds
the strength limit, then failure will definitely occur with further repeated loads.
Therefore, at high loads, after establishing a linear o,e relationship, the load
should be stopped.

Within the limits of EHP,(JIOP,ZLKI/IHEIHI/I,ZLBE 2009: 98), the creep deformation is
reversible and destructive events do not occur within the specified limits, while
concrete hardening takes place. A more intensive increase in strength under load
is observed in young concrete. Therefore, after relatively high compressive loads
of alow cycle, a real ultimate strength is reached, which is somewhat higher than
the strength of unloaded concrete prisms at standard loading rates.

As mentioned above, the index of strength of concrete is the strength limit
RB, which is the maximum tension of concrete of a given age, under the influence
of repeated loading, during which the creep is reduced and its maximum
deformation limit is reached, while there is no failure(Taking into account that
over time the samples gain strength and modulus of elasticity, in order to maintain
the maximum deformation constancy, it is necessary to increase the repeated
load until the final moment of concrete strength increase). If the maximum limit
deformation during repeated loading is reached in a short time, but at the same
time the repeated loading continues, then both the age of the concrete and its
strength will increase with time. To keep the maximum deformation constant
(because it will decrease), it is necessary to increase the repeated loads until the

Rp=Rpn 1) pe

achieved. Therefore, the maximum limit deformation of the concrete of the given

. ) R
end of the concrete strength increase. In this case, CT and

composition during repeated loading, as well as during permanent, is a constant
value and does not depend on the age of the concrete.

Special experiments will be discussed in the article to confirm the above.

Concrete samples for these experiments (Jlopaxkumanuzaze 2009: 99-102),
namely, prisms 10x10x40cm were made with washed 5-20 mm dry gravel and
sand, which were sieved with a 5 mm sieve and taken from the Kvrila river
quarry. Slag portland cement of Rustavi cement factory was used as a binder,
at the cost of M400 materials per 1m3, kg - gravel-1180; Water 180 (2330 kg/
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m3), cement — 320; Sand 650. Vibration duration 20 seconds; temperature 200C;
humidity 90%; Two days after the preparation, the samples were removed from
the molds and placed in a special room with appropriate thermal conditions.

Figure 1. shows the results of strength experiments. Experiments were carried
out on concrete aged one month, three months, six months, nine months, one
year and one and a half years (1 month (a); 3 months (b); 9 months (c) and 16
months (d) (JIopzxunanuzaze 2009: 84-89).
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To determine the strength limit in a new way, it was necessary to establish a
directly proportional relationship between the loads (from 0 to the corresponding
value of the load strength limit) and their corresponding creep limit deformation.

The experimental concrete prism was subjected to static repeated compressive
loads of 0.25R = 6.7 and 0.4R = 10.0MPa until a linear relationship between
o,e was established (Fig. 1.(b)).

It was found that during repeated compressive loading of 9,25R, the growth of
creep deformation stopped at £ = 31x107% and at 0.4R it reached & = 31x1075°
. If we connect the limit points with the origin of the creep deformation a’b’
coordinate, we get the line O6’, which indicates the direct proportional
relationship between the creep limit deformations and their corresponding
loads, And if we continue this line until it intersects with the vertical Nn, we get
the strength limit OB and its corresponding maximum creep limit deformation
bb’. During repeated compressive loading, corresponding to the strength limit
Rg = 13,5 MPa, at the number of cycles n = 2x10%, the concrete did not crack,
and the creep strain remained the same as when establishing a linear relationship
between stress and deformation. It is very important that the total deformation
of the load and creep equals the instantaneous maximum tensile deformation of
the concrete.
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As I mentioned above, the test results on concrete prisms of different ages
under repeated static loads are shown in Fig.1. From the analysis of the specified
graphs, it follows that as the strength of concrete increases, so does its strength
limit. In this case, R/Ry remains constant until the end of strength growth.

According to the data of theoretical and experimental studies of different
solid materials, R and Rpjgmatch both their own values and the maximum
creep deformation obtained by them for all solid materials, the strength of which
in the free (loaded) state (respectively, of course, the deformation) does not
change over time. Since R, and R, represent the limit indicators of the strength
of a solid body, they are related to their deformation in time, i.e. creep. And if
there is no creep, then the limit of strength and the limit of long-term resistance
coincide with the strength of a material that does not exhibit, or rather does not
experience, creep. Take dry concrete as an example (specially cured at 105°C to
a constant weight. It does not undergo creep, or rather does not deform over
time, and at the same time works by Hooke’s law under only one load (without
additional creep stress) until R is reached. For such concrete, R and R | actually
coincide with the real limit of strength, since after removing freely migrating
water from it, they approach the limit of strength, and the limit when there is no
water in the concrete, that is, there is no place for creep, they coincide with R.

Concrete is one of those rare materials (certainly not in a dry state) that
requires the determination of R; and R in order to evaluate the safe operation
of structures and equipment over time. The specified indicators also have
characteristic differences.

Since in concrete (if it is not specially dried), there is always freely migrating
water, therefore both characteristics R, and R are present and at the same time
always Rpg = Rg. This is due to the increase in concrete strength over time.
Finally, reaching the creep limit deformation under constant loading with the
corresponding R | requires years before reaching creep. And to perform the same
task during repeated loading, with the appropriate R, several hours are enough.

In order to improve the accuracy of concrete strength limit calculation, a
new method is proposed, which consists in carefully determining its limit
deformation during compression or tension, for which an additional sample is
brought to failure. By multiplying the limit deformation EHP of concrete by the
ratio of the achieved stress level o, and the saturation level of creep deformation
£, we get the strength limit of concrete R =( 7/ €) &
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