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Abstract

Freezing of water or salt solution in concrete pores is a main cause for severe damage and
significant reduction of the service life. Most of the freeze-thaw (F-T) accelerated tests measure the
scaling of concrete by weighting. This paper presents complementary procedures based on the use
of strain gages and ultrasonic pulse velocity (UPV) for measuring the deterioration of concrete due
to freezing and thawing. These non-destructive testing (NDT) procedures are applied to two types
of concretes, one susceptible to F-T damage and the other does not. The results show a good
correlation between scaling and the measurements obtained with NDT. Showing NDT the
advantage to detect before the damage and to perform continuous measurement.
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1 Introduction

In countries with a continental climate the freezing of water in concrete pores may be the cause for
severe damage of concrete. Most of the freeze-thaw (F-T) accelerated tests measure the scaling of
concrete by weighting. This procedure is straightforward and easy to perform, but includes some
drawbacks, the test must be stopped to perform the weight measurement and the deterioration is
detected when there is an appreciate scaling. This paper proposes the use of NDTs to perform
continuous monitoring of the damage, without stopping the test, and to detect before the material
failure. The complementary procedures are: the use of strain gauges, placed on different areas of
the specimen, and the evaluation of the ultrasonic pulse velocity (UPV). Both procedures were
performed with specimens under F-T accelerated testing (CEN/TS 12390-9 [1]) with two types of
concrete: one susceptible to F-T damage and the other does not.

2 Experimental programme
2.1 Materials

Two different concrete mixes were tested, combining two cement contents, two w/c ratios and the
use or not of air-entrained admixture. Tab. 1 shows the concrete mixes.
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Tab. 1 Mix proportions (kg/m®) and concrete properties

. . . Non Air Entrained
Mix Proportions Alr gg::;?;id(:g?lcﬁture Admixture Concrete
(NAEAC)
Cement CEM I 42.5 R (kg/m®) 450 360
Water (I/m°) 180 162
w/c ratio 0.40 0.45
Fine Aggregate (kg/m’) 640.9 710.2
Coarse Aggregate (kg/m’) 1159.1 1129.8
Superplasticizer (kg/m’) 1.80 1.08
Air-Entraining Admixture (kg/m’) 0.45 -
Properties of Concrete
Slump (cm) 8.0 7.5
Air Content (%) 7.5 2.6
Compressive Strength — 28d (MPa) 32.4 28.5

2.2 Test procedures and methods

The concrete specimens were half of a cube with a surface area of 150 x 150 mm? and thickness of
70 mm. Five specimens for each type of concrete were tested according to freeze-thaw standard
CEN/TS 12390-9 [1]. They were inserted in a climatic chamber and subjected to 28 freeze-thaw
cycles (FTCs) according to the temperature versus time diagram shown in Fig. 1a.

The test was performed with standard de-icing agent solution (97% of distilled water and 3%
of NaCl). The surface deterioration was measured by weighting after 4, 6, 14 and 28 FTC.

2.3 Non-destructive test measurements

The superficial strain of the prism concrete samples was measured using two commercial strain
gages by specimen, which were glued on the middle and upper part of the lateral surface of the
specimens as shown in Fig. 1b (H;= 30 mm and H,= 55 mm).

A double zero crossing algorithm [2] was used to measure UPV. For each concrete specimen
two longitudinal wave transducers (500 kHz) were glued directly to the surface of the concrete
prisms. The position of the transducers is shown in Fig. 1c.
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Fig. 1 a) Temperature for one FTC. Sensors used for NTD measurements in concrete prisms
subjected to FTC: b) Strain gauges, c) Ultrasonic transducers
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3  Experimental results and analysis

The results of scaling are shown in Fig. 2a. The NAEAC specimens failed before 28 FTC, with a
cumulative scaling of 1.5 kg/m® on the 17th FTC, and 3.23 kg/m’after 28 cycles. In contrast, the
AEAC specimens reached only 0.10 kg/m* of cumulative scaling after 28 cycles. The concrete test
surfaces in contact with the de-icing agent solution of some specimens of both concretes before
testing, after 14 and 28 FTC, are shown in Fig. 2b-d. Salt scaling is often observed with the
exposure of coarse aggregate.
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Fig. 2 Freeze-thaw test. a) Cumulative scaling. Photographs of test surface of concrete slabs during the FTC:
b) AEAC before the test, c) AEAC after 28 FTC, d) NAEAC before the test, ) NAEAC after 28 FTC.

Fig. 3a shows the strain gages measures. NAEAC shows a residual strain of 1150 ym/m and
AEAC a value of 65 ym/m, both after 28 FTC, measured with the strain gage at H,. The growth of
the residual strain in NAEAC specimens shows the progressive damage [3-4]. The strain gages
placed at the upper part (H,) showed lower deterioration, which indicates a gradient decreasing as it
moves away from the immersed face.

The UPV was measured on each specimen under thawing (20°C) and freezing (-20°C)
conditions. Fig. 3b shows the UPV measures during F-T testing. Under thawing conditions the
progressive deterioration of concrete leads to a lower UPV, as figure shows. Under freezing
conditions the ice in the micro-cracks increases the UPV, and the positive slope of the curve
indicates a progressive deterioration of the concrete.
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Fig. 3 Strains measurements a) Strains of concrete samples during 28 FTCs, b) UPV during FTCs. At the end
of freezing (min. temp) and at the end of thawing (max. temp).
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The damage caused by the freeze-thaw cycles in the AEAC prisms was negligible compared with
the deterioration of the NAEAC specimens, as it was hoped. This result was confirmed by the

Conclusions

scaling test and by the continuously measurement of strain and VPU.

Strain as a measurement of length changes is a good indicator of freeze-thaw concrete
superficial deterioration. Commercial strain gages may replace the conventional scaling measures.

The measured differences of UPV of concretes specimens before and after 28 FTCs were
very small. That means that 28 FTCs according to the CENT/TS 12390-9 test, do not lead to
considerable internal damage of tested concretes as have been reported in studies that use a high

number of rapid FTCs like the ASTM C666/C666M standard.
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