
UDC 624.012.35

Baj A., Lapko A.

THE INFLUENCE OF FREEZING AND THAW ING CYCLES 
ON THE DEFORMATIONAL CHARACTERISTICS OF RC BEAMS

Concrete resistance to cyclic freezing and thawing is typically controlled on the 
samples in an unloading state. Very few experimental tests have been only conducted 
on the concrete samples subjected to combined static load and frost effects. In the pa
per the authors describe an innovative testing procedure for RC model beams made of 
RAC under constant bending moment and cyclic freezing and thawing. The aim of 
such studies was to clarity the effects of interaction of climatic and mechanical load 
on the deformability and cracking state of RC beams made of recycling aggregate 
concrete. The beams located in the climatic chamber have achieved over doubled de
flection values in comparison with analogical beams loaded in room temperature. The 
results of current, as well as further planned research will let us develop the guide
lines for using recyclable materials in concrete structural elements. Both adopted 
technical solutions and research procedure, as entirely innovative designs, were en
closed in submission to the patent register.

1. Introduction
In relation to the development of the construction and a lot of the building waste 

(for example from demolitions or rebuilding existing structures) a need of their recy
cling appears what is also required by the EU [2]. Applying of recycled aggregate 
concrete (RAC) is one of solutions to this problem.The previous investigations 
[1,3,7,9,10] showed differences in the behavior of structural elements made of RAC 
compared to members totally made of natural aggregate. The beams made of RAC 
cracked earlier and showed greater deflections at comparable loads, as well as grater 
shrinkage strain and creep characteristics. Moreover the compressive and tensile 
strength of RAC, the durability of such concrete is a very important aspect, influ
enced by freezing/thawing effect [11]. The examination of the RAC carried out up to 
now was conducted on the unloaded samples. Very few experimental tests have been 
only conducted on the concrete samples subjected to combined static load and frost 
effects.

Figure 1 -  Method of testing of concrete prisms under freeze-thaw cycles and sustained load [4]

In the fig. 1 are presented methods of testing of concrete prisms which were ex
posed to freeze/thaw cycles [4]. Essence of this research was determine the influence 
of combination different kind of loads: climatic, static and physical-chemical effects.

The deep review of current scientific publications on deformability (deflections, 
strains and crack widths) in RC beams made of recycling aggregate concrete (RAC)
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shows that there is the lack of tests results for members under combined sustained 
static load and on freezing and thawing cycles.

The aim of experiments conducted by the research team of Bialystok University of 
Technology was to clarify the effects of interaction of climatic and mechanical load 
on the deformability and cracking state of RC beams made of recycling aggregate 
concrete [6].

2. Conducted research
The experimental investigation on RC model beams has been conducted with the 

use of following types of model RC beams:
- SR - RC beams entirely made of recycled aggregate concrete,
- SN - reference RC beams entirely made of natural aggregate concrete.
For the research on the influence of freezing/thawing cycles on the RC beams def

lections an innovative stand shown in the Fig. 2 has been designed. The three-point 
loading scheme was assumed. The tested free standing model beams were turned 
back during the long term tests so that the tensioned zone was located in the upper 
part of model beam.

Figure 2 -  1Ъе scheme of research stand with two tested model beams under static 
load and freezing and thawing cycles Г51

Figure 3 -  Cyclic changes in temperature and humidity
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The stands were located in the climatic room (with the working place of 2.0 x 3.0 m), 
allowing the temperature changes from -20 °С to +20°C in a 4-hour period (Fig. 3). 
Three stands were placed inside the climatic room, while the fourth - the reference 
one - was located outside the climatic chamber in room temperature. Two model 
beams were placed on every stand. The tested RC beams were subjected to the con
centrated loading force of 3.50 kN passed on by the 7:1 lever ratio extension arms 
with the load of 0.50 kN placed on their ends (fig. 4).

Figure 4 -  The research stands with the model RC beams in the climatic room during the tests

The conducted research has been planned for 200 full cycles of freezing and thaw
ing, with the continuous measurement of beams deflections (in the mid span and on 
the supports) using waterproof dial indicators. There were also measured concrete 
strains by the use of Demec extensometer in the mid span of the tested beams (see 
fig. 5). The program of a continuous research enclosed an initial measurement of 
concrete compressive strength, flexural strength and value of elasticity module, re
peated for every 50 cycles.

Figure 5 -  Measurement of deflections and cracks

3. Chosen test results
In this paper the results of registered twenty-four-hour deflection changes of the 

RC model beams subjected to the static load equal to 560 kN combined with freez- 
ing/thawing cycles (in the case of beams located in the climatic room). The diagrams 
of beam deflections versus number of freezing/thawing cycles values are presented in 
Fig. 6 for beams made of RAC (series RW) and reference beams entirely made of 
natural aggregate concrete (Series SN).
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Figure 6 -  Diagrams of the beams deflections versus number of cycles for the beam types: 
SR+/- and SN+/- (tested in climatic room) and reference beams SR + and SN+ (tested outside 

of climatic chamber in constant room temperature) - load equal 560 kN

Table 1 -  Mean compressive strength of concrete [MPa] used in the tested beams af- 
ter 95 days of curing in different temperature condition

Time of curing - Series 
of samples

28 days
(room temperature)

95 days 
(constant room 
temperature)

95 days 
200 cycles of 

freezing/thawing
normal concrete - Series SN 

RAC - Series SR
30,68
31,20

38,33 t 25% 
43,13 t 38%

33,191 13% 
35,64 |  17%

After 95-days- curing of concrete samples in freezing/thawing conditions (after 
200 cycles), the results of concrete compressive strength are presented in the Table 1.

It can be clearly seen the increase of concrete compressive strength obtained for 
samples kept 95 days in constant room temperature compared to the age of 28 days, 
whereas the samples located in the climatic room with freezing/thawing cycles re
vealed visible decrease in concrete compressive strength in comparison with refer
ence samples.

The results of the elasticity module of concrete tests (repeated every 50 cycles) are 
given in the Figure 7.

Figure 7 -  Changes of module of elasticity of concrete [MPa] depending to number 
of freezing/thawing cycles
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4. Conclusions
Achieved results so far are confirming the significant influence of interaction of 

static load and freezing/thawing cycles on RC beams deflections. The RC beams 
made of recycling aggregate concrete located in the climatic room with changing 
temperature have achieved much greater deflection values compared to analogical 
reference beams loaded outside climatic chamber in constant room temperature. This 
effect can be explained on the basis of decrease of beam stiffness due to destruction 
of concrete.

Current results as well as planned examinations will serve for creating guidelines 
for the use of recycled aggregate concrete (RAC) in structural elements taking into 
account the durability criterion depending on effects of RAC resistance against 
freezing and thawing cycles.

Both accepted technical solutions and procedures of examinations, as completely 
innovative, enclosed in submission to the patent register.
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