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1. Introduction

Wide attempts have been performed to quantitative and qualitative control on concrete strength in structures and
different methods have been innovated to estimate the in situ concrete compressive strength. On the basis of these
methods, it can be divided into two groups consisting non-destructive and semi-destructive methods. To provide a
suitable compaction, decrease on segregation and bleeding and facilitating on placement of concrete especially in
sections with massive reinforcement, self-compacting concrete has been developed. In the research by Zhu et al. [1]
in 2001, self-compacting concrete strength along length of beams and height of columns was investigated using
core, pull out and Schmitt hammer tests and the results on uniformity showed similar pattern on variations. Also the
results indicated that concrete strength variations along height of columns and length of beams for self-compacting
concrete are slightly lower than normal concrete.

One of the factors that has caused that the concrete has been known as a superior materials is the possibility of
making concrete by using different materials such as wastes. Whereas, wastes of polymeric products will remain in
environment, therefore one of the greatest environmental challenges is always reusing this mass wastes. The
interesting properties of this waste material are such as low density, high elastic property and low hardness which
have been considered by the researchers. One of the polymers is PVC (poly vinyl chloride). The first research about
using the PVC wastes in concrete was performed by Kou et al. [2] in 2009. The positive aspect indicated that the
concrete produced by PVC granules are lighter (low density), have more ductility, lower drying shrinkage. The
negative aspect indicated that workability, tensile strength and compressive strength will decrease. The main
purpose of the present study is to assess the strength variations of self-compacting concrete containing PVC pipes
wastes in reinforced concrete beams made in full scale using ultrasonic pulse velocity and core tests.

2. Methodology

In this paper, large scales 2.1 mx0.5 mx0.35 m lengths of beams were cast to evaluate the variations of concrete
strength. In concrete mixtures, two amounts of powder materials (including cement and silica fume or limestone
powder) with two ratios of water to powder 0.39 and 0.47 were used. Silica fume and limestone powder (Lp) were
separately used by 10% and 20% by weight of powder materials, respectively. Also in the mixes, PVC crushed
granules with different percentages of 5 and 10% by volume were used as partial replacement of sand. A total of
twelve SCC mixes including control concretes were designed and tests on the beams at 28 days were made using
nondestructive ultrasonic pulse velocity measurements and partially destructive 75 mm diameter core tests.
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3. Results and discussion

3.1. Estimated in situ cube strength

The estimated in situ cube strength in beams was obtained by using ultrasonic and core tests. In ultrasonic
method, calibration curve were used to obtain the relation between the compressive strength and ultrasonic pulse
velocity. Estimated in situ cube strength in different points of beam was calculated using this calibration curve. For
core test, estimated in situ cube strength was obtained based on the relation suggested by BS1881:part120 [3].

3.2. Variations of concrete strength across depth of beams

Variations of estimated in situ cube strength across the depth of the beams were shown in Fig. 1 based on
ultrasonic and core test results. The results clearly illustrate a reduction of strength towards the tops of the beams.
Similar observation has also been seen in study by Bungey and Madandoust [4] on the beams made with normal and
lightweight concretes. By increasing the percentage of PVC granules, for both ratios of water to powder materials,
and both fillers, the percentage of strength reduction have been shown to be more towards the tops of the beams.
This growth may be due to increase in segregation and bleeding and decrease on flowabiliy. By increasing the ratio
water to powder from 0.39 to 0.47, the variations of strength across the depth of beam will increase.

For mixtures with low water to powder materials ratio (w/p=0.39), due to having more cement and consequently
more viscosity will prevent the ascent of lighter aggregates to the top level of beam and therefore they have more
homogeneity. Variations on concrete strength for mixtures containing limestone powder was less than those
containing silica fume. This less variations for mixtures containing limestone powder may be due to more fluency
and consequently resulted to be more homogeneity.
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Fig.1. Variations of concrete strength across the depth of beams
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Table 1. Comparison of cube strengths and estimated in situ cube strengths
28 day standard cube strength

Average of estimated in situ cube

Mixture design strength (f.) (MPa) in wet curing condition (f) folf
(MPa)
UPV Coring UPV Coring
S0.395f-P0 45.58 44.08 52.71 0.86 0.84
S0.39Sf-P5 41.59 40.18 47.56 0.87 0.85
S0.395f-P10 39.04 37.74 45.12 0.87 0.84
S0.39Lp-PO 39.17 38.64 44.57 0.88 0.87
S0.39Lp-P5 34.56 35.34 39.41 0.88 0.90
S0.39Lp-P10 32.48 33.59 37.52 0.87 0.90
S0.475f-P0 39.65 37.28 44,92 0.88 0.83
S0.47Sf-P5 35.10 33.87 40.15 0.87 0.84
S0.475f-P10 31.87 31.24 37.40 0.85 0.84
S0.47Lp-PO 33.93 3291 37.69 0.90 0.87
S0.47Lp-P5 31.25 30.15 34.21 0.91 0.88
S0.47Lp-P10 28.86 2851 32.67 0.88 0.87

3.3. Comparison of cube strengths and estimated in-situ cube strengths

In Table 1, cube results have been compared with estimated in-situ values, from which it can be seen that
relationships between in-situ and standard wet cured cube strengths differ between concretes. Estimated in situ cube
strengths by different tests have been obtained to be less than those standard cube specimens in wet conditions.
Average estimated in situ cube strength in each beam, based on ultrasonic and core tests was between 85 and 98%,
and 83 and 90% of the standard cube strength in wet conditions respectively.

4. Conclusions

By increasing the percentage of PVVC granules, for both water to powder materials ratio (w/p=0.39 and 0.47), and
both fillers (silica fume and limestone powder), strength variations across depth of beam will increase. The
mentioned increase is more sensible for w/p=0.47 in comparison to that of w/p=0.39 and also for concrete with silica
fume in comparison to that of concrete with limestone powder. Comparison of the obtained results from ultrasonic
and core tests indicate that the pattern of strength variations across depth of beams is almost similar. Ratio of
average estimated in situ cube strength by ultrasonic and core tests in each beam to strength of standard cube
specimens in wet conditions indicate that the mixtures containing limestone powder have been more in comparison
to those containing silica fume. Also this ratio hasn’t had any specific trend and hasn’t changed much with
increasing of PVC granules.
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