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Abstract Concrete structure is one of the common
construction materials in the world. The reliability in terms
of performance, durability and cost effective are the major
advantages in utilising concrete as construction material.
However, due to time and workmanship, concrete is prone
to deterioration. In this study, three main beam size of 400
mm x 1200 mm in size is evaluated in terms of structure
integrity using Non-Destructive Test. Ultrasonic Pulse
Velocity (UPV) is adapted to determine the concrete
quality. For durability aspects, the utilisation of X Ray
Fluorescence (XRF) with rapid carbonation kit is adapted.
From this finding, one of the beams inspected is detected
with poor quality. This is supported by visual for crack
detection and voids in all beam. Elementary for concrete
quality for all beams is confirmed using XRF and
supported with carbonation kit. In conclusion, the outcome
from NDT proves to determine any structure failure and
factors contribute to the problem. Furthermore, the
solutions to the problem can be identified.

Keywords Non Destructive Test (NDT), Ultrasonic
Pulse Velocity (UPV), X Ray Fluorescence (XRF),
Carbonation

1. Introduction

Nondestructive test is a method of testing existing
concrete structures to assess the strength and durability of
concrete structure. In the nondestructive method of testing,
without loading the specimen to failure (i.e., without
destructing the concrete) we can measure the strength of
concrete [1, 2]. Nowadays this method has become a part
of quality control process. This method of testing also
helps us to investigate crack depth, micro cracks and
deterioration of concrete. Nondestructive testing of
concrete is a very simple method of testing but it requires
skilled and experienced persons having some special
knowledge to interpret and analyse test results. Various
non-destructive methods of testing concrete have been
developed to analyse properties of hardened concrete such
as surface hardness test, rebound hammer test, penetration
and pull-out techniques, dynamic or vibration test, X ray
analysis and magnetic electrical method [1, 3].

Apart from that, Non-destructive testing (NDT)
methods are techniques used to obtain information about
the properties or internal condition of an object without
damaging the object. Non-destructive testing is a
descriptive term used to evaluate the materials and
components in a way that protects materials from being
destructive and can be used again for further investigation.
In addition, NDT is a method of controlling the quality of
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the samples which can be extracted to performed a good
management data analysis and helps to ensure a better
understanding on the concrete quality. In order to achieve
the goal, it requires an understanding of the various
methods available, their capabilities and limitations,
knowledge of the relevant standards and specifications for
performing the tests. NDT techniques can be used to
monitor the integrity of the item or structure throughout
its design life [4, 5].

However, there is disadvantages on relying on NDT
testing to confirm the health of concrete structures. To
have an extensive finding it’s important to performs a
conventional methods of testing concrete such as in situ
testing. Thus, coring of the samples for further testing to
determine the strength and durability will be the priority
[6]. Also, the test specimens are destroyed, once the test is
performed and subsequent testing of the same specimens
is not possible. Some of the important data such as curing
effect, weathering action and time dependent behavior is
not available. This will be the challenge on how to
observed the concrete quality by using either NDT or
destructive test [7]. The variability between the batches of
concrete of the same mix proportion is assessed by testing
test specimens under load in the laboratory. Such tests
enable the variability of constituents of the mix to be
controlled, but they cannot take into account the
differences of compaction and actual curing conditions
between the test specimens and the -corresponding
concrete in a structure [8]. It is these differences, which
are difficult to assess by conventional strength tests. Also,
conventional method of testing is not sufficient to predict
the performance of the structures under adverse conditions
such as exposure to liquid, gas, and chemicals radiation,
explosion, fire, extreme cold or hot weather, marine and
chemical environment. All such severe exposure
conditions may induce deterioration in concrete and
impair the integrity, strength and stability of the structure
[9]. Thus, conventional strength test does not give idea
about the durability and performance of the actual
concrete in the structure. This gave the impetus to the
development of non-destructive methods for testing
structural concrete in-situ [10].

Thus, NDT methods are extremely valuable in
assessing the condition of structures, such as bridges,
buildings, elevated service reservoirs and highways etc.
The principal objectives of the non-destructive testing of
concrete in situ is to assess one or more of the following
properties of structural concrete as below
®  Strength properties at field condition
Durability of concrete
Density of concrete
Moisture content of concrete
Elastic properties of concrete
Cracks at surface
Concrete cover over the reinforcement.

In recent years, significant advances have been made in
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Non-destructive Testing techniques, equipment and
methods.
There are occasions when various performance

characteristics of concrete in a structure are required to be
assessed. In most of the cases, an estimate strength of
concrete in the structure is needed although parameters
like overall quality, uniformity etc., also become
important. Various methods that can be adopted for in-situ
assessment of strength properties of concrete depend upon
the particular aspect of the strength in question.

Ultra sonic pulse velocity is one of the known NDT
technique to measure the concrete quality. This is one of
the most commonly used method in which the ultrasonic
pulses generated by electro-acoustical transducer are
transmitted through the concrete. In solids, the particles
can oscillate along the direction of sound propagation as
longitudinal waves or the oscillations can be
perpendicular to the direction of sound waves as
transverse waves. When the pulse is induced into the
concrete from a transducer, it undergoes multiple
reflections at the boundaries of the different material
phases within the concrete [11, 12]. A complex system of
stress waves is developed which includes longitudinal
(Compressional), shear (Transverse) and surface
(Rayleigh) waves. These transducers convert electrical
signals into mechanical vibrations (transmit mode) and
mechanical vibration into electrical signals (receive mode).
The travel time is measured with an accuracy of +/- 0.1
microseconds. Transducers with natural frequencies
between 20 kHz and 200 kHz are available, but 50 kHz to
100 kHz transducers are common [13, 14].

Pulse Velocity method is a convenient technique for
investigating structural concrete. The underlying principle
of assessing the quality of concrete is that comparative
higher velocities are obtained when the quality of concrete
in terms of density, homogeneity and uniformity is good.
In case poorer quality of concrete, lower velocities are
obtained. If there is a crack, void or flaw inside the
concrete which comes in the way of transmission of the
pulses, the pulse strength is attenuated and it passes
around the discontinuity, thereby making path length
longer. Consequently, lower velocities are obtained. The
actual pulse velocity obtained depends primarily upon the
material and the mix proportion of the concrete. Density
and modulus of elasticity of aggregate also significantly
affect the pulse velocity.

X-ray fluorescence (XRF) is a method of determining
the element of a material. The concept of XRF is by using
secondary fluorescent X rays and aligned with high
energy X rays. In general, XRF is used to detect the
elements for construction materials such as concrete, steel,
pavement, glass and others. For concrete, major elements
to be analysed is calcium, silica, alumina carbon, ferum
and others. This is one of the important methods that can
support the NDT test which can focus on the specific
elements for every detail construction material [11].
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Furthermore, those elements represent the concrete quality
by identifying the development of binder, bonding and
pores in the microstructure of concrete. This is one of the
rapid methods to identify the concrete by applying the
instruments to the surface of the sample [15].

Ground-penetrating radar (GPR) is a method that
transmits radar signal pulse into image. It is an NDT
testing, focusing on the detail embedded in the
macrostructure of construction materials. GPR normally
used in detection of underground utilities such as concrete,
pavement and soil. The concept of GPR is the use of
electromagnetic radiation in a microwave band with the
aid of radio spectrum. The range of GPR range between
10 MHz into 3 GHz. The low the amplitude or wave
signal resulting in deeper analysis but low in imaging
analysis. Thus, higher amplitude resulting good imaging
analysis but the detection for depth analysis is limited.
However, GPR signal is very sensitive to moisture.
Moisture will make the signal lost and analysis aborted.
GPR also has a limitation when contact with soil surface.
This occurs due to moisture that will absorb the signal.

Rebound hammer is one of the NDT methods that can
determine the compressive strength based on surface
hardness analysis. Normally, the compressive strength
taken by rebound hammer is taken at the concrete surface.
To make the analysis precise, a grid needs to be prepared
at the surface and point of rebound testing need to be done
as much as can. This aims to ensure a more reliable data
with related to strength. However, to confirm on the final
compressive strength, the destructive compressive
strength from core sample need to be done.

2. Methodology

Several testing are implemented in order to analyse
structural integrity of targeted beams. Those were taken to
ensure the credibility of the analysis of affected area. The
quality of concrete is conducted using chemical
compound test onto crack line to identify possible
chemical elements which have potential in causing the
occurrence of detected crack line on the surface (X-Ray
Fluorescent Spectrometry). For XRF the standard practice
is in accordance with ASTM E1621. Carbonation test
were done on selected area on which crack line existed on
the beams. Chemical analysis for pH and moisture test
were taken as to further support carbonation test result. In
the determination of carbonation wusing the rapid
carbonation test kit, all the procedure is in accordance
with UNT 9944:1992.
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3. Results and Discussion

Crack detection and UPYV evaluation

The quality of concrete beam named 3A, 3B and 4A is
portrait in Table 1 and Table 2. The result tabulated in
Table 1 shows the quality of concrete is affected. This is
supported by a diagonal crack at the surface of Beam 3B
as shown in Figure 1 and by sketch in Figure 2. There are
several factors that contributed to this defect. Poor
workmanship from operator could be the cause of this
problem. Insufficient bars during preparing beam,
unskilled worker during concreting and lack of experience
from junior construction practice are among the
contributor of this problem. It is easy to find this defect
especially after concreting that shows the sign of
honeycomb and macro void from improper bonding
between cement and aggregate [1, 16, 17]. This outcome
is supported by the crack analysis using crack ruler scale
shown in Table 2. Beam 3A as referred to Figure 3 and
Figure 4 and Beam 3B as referred in Figure 5 and Figure 6
recorded crack width marked at 10 mm to 20 mm and
shown in Figure 7 and 8 respectively. However, in Figure
9 and Figure 10, Beam 4A shows a smaller crack width
which is 10 mm; and this finding supported the good
quality performed by UPV result, which is confirmed by
sketch in Figure 11 and 12. Further explanation is
supported by the result of carbonation, pH meter and
moisture meter taken at the surface of 3 beams. It shows
that from three beams, beam 3B shown in Figure 5 is
recorded with high carbonation rate more than 30%. For
beam 3A and 4A shown in Figure 1 and Figure 9, the
carbonation rate is less than 20% and this is supported
with reasonable value from pH meter and moisture meter.
This confirms that the quality of Beam 3B is already
affected, reducing the performance of concrete. The high
carbonation values may come from improper selection of
raw material such as aggregate. However, the potential of
the carbonation occurs could be from the external effect
such as surrounding. The reason is that the building is
located near to seashore. The potential of carbonation and
corrosion could occur [18-20]. A combination of external
effects from sea which a potential to sulfate is promoted to
the lowering the integrity of beam 3B as compared to the
other beam 3A and 4A respectively.

Table 1. Ultrasonic pulse velocity result for targeted beam

Beam UPV (km/s) Result
Beam 3A 4.2 Good
Beam 3B 22 Poor
Beam 4A 42 Good
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Table 2. Crack, carbonation, pH and moisture analysis
Testing Method
No. Grid point Crack Measurement Carbonation Moisture Remark
o pH meter
Width (mm) rate (%) Meter
1 3A1-4 0.20 16.95 15.1
2 3A2-3 0.20
3 3A2-4 0.20
20.0 +/- 3.0
4 3A2-5 0.25 UPYV test had been
5 3A2-6 025 done

13 3B2-1 0.30
14 3B2-2 0.35
15 3B2-3 0.40 20.0 +/- 3.0
16 3B2-4 0.30
17 3B2-5 0.25

32.05

10.32

14.8

Potential of
carbonation effect
(UPV test had been
done)

22 4A1-1 0.25
23 4A1-3 0.30 10.0 +/- 3.0
24 4A1-4 0.25
25 4A1-Al1-3 0.10

29

4A3

15.86

10.70

16.5
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Figure 3. Location of crack at 3A2 on the grid line
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Figure 6. Location of identified cracks on measured beam
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Figure 9. Location of Beam 4A
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Figure 10. Location of identified cracks on measured beam
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Chemical analysis

The performance of beam 3A, 3B and 4A is supported
by chemical analysis using portable XRF analysis at the
surface of concrete beam and the data is tabulated in Table
3. Six elements to be highlighted are Calcium Oxide
which influenced the binding of the concrete, Aluminium
Oxide, which aims to see the setting time ability of the
concrete beam either still setting or not, Silica Oxide on
the strength enhancement of concrete, Sulphur Oxide, Iron

Location of crack at 4A2 on the grid line

Oxide and Magnesium Oxide on the durability aspect
especially dealing with corrosion. Surprisingly, from this
chemical analysis which is taken from the crack surface
for every beam, shows that Beam 3B shows a moderate
affected by those clements as mentioned earlier as
compared to Beam 3A and 4A. From this finding, it is
confirmed that the concrete for beam 3B is consistent in
terms of concrete quality. This is supported by consistent
elements of Calcium Oxide, Alumunium Oxide and Silica
Oxide. Based on the design provided by consultant, those
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elements detected is similar to the concrete grade 40.
From this, the defect detected for beam 3B is not
attributed to the insufficient concrete grade. So most
probably the crack detected and followed by poor UPV
result is attributed to environmental effect or maybe result
from poor workmanship during construction. The
durability aspect of beam 3B also is not severely affected
due to the elements of Sulphur, Iron and Magnesium
Oxides which is moderate as mentioned by normal grade
40 for concrete [21-23]. For beam 3A the quality of
concrete in terms of binder and strength is moderate from
the reading of Calcium, Aluminium and Silica Oxides.
However, other elements such as Sulphur, Iron and
Magnesium is detected higher than beam 3B. This can be
seen from the high elements detected in beam 3A which is

Table 3.
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Sulphur and Iron which is more than 5% as mentioned
from previous researchers [24-26]. These two items will
affect the durability of concrete by promoting corrosion to
the reinforcement bars in the future. This is supported by
high element of Iron oxide in beam 3A as shown in Table
3. As for beam 4A, the concrete quality is doubtful base
on the inconsistency of the calcium, aluminium and silica
elements detected in the beam. This could be one of the
factors that can reduce the lifetime of concrete in the
future. The amount of sulphur and iron is detected higher
as compared to beam 3A and 3B. This factor contributed
to these other that been mentioned earlier because of the
environmental effect such as sulfate environment which
was located near to marine or offshore condition [27-29].

Elementary analysis for targeted structure

XRF Chemical Element (%)
No. Gl:ld Cal‘clum Aluminium Sll,lca Sulphur Iron oxide, Magn,esm Remarks
point oxide, . oxide, . m oxide,
Ca0 oxide, ALO; SiO, oxide, SO; Fe,05 MgO
1 | 3A14 | 559442 8.2868 26.9941 1.3782 5.0014 <LOD Fair
2 | 3A23 | 548872 8.4967 25.2795 1.3037 5.1373 24055 Moderate
3 | 3A2-4 | 49.4305 8.6828 31.5437 3.0311 47146 <LOD W EETE (1FTE
sulphur content)
4 | 3A25 | 56.6584 83710 24.5964 1.3694 5.0350 1.5754 Moderate
5 | 3A26 | 58.74% 7.9882 222223 14557 52224 1.8298
6 | 3A43 | 553859 7.2461 23.0466 5.0842 5.1802 1.7760 Moderate (High
sulphur content)
7 | 3A44 | 503861 8.1342 29.9655 2.7650 4.9706 1.5679 Fair
8 | 3A45 | 60.6735 6.7601 20.1153 4.0945 5.5648 <LOD Moderate (High
9 | 3A46 | 59.2491 47160 20.3081 8.1670 5.1707 <LOD sulphur content)
10 | 3A53 | 565401 6.9671 23.7653 3.1995 5.2664 2.0121 Moderate (High
11 | 3A54 | 59.5346 6.1741 21.2495 3.9837 5.0441 1.8596 sulphur content)
12 | 3A56 | 60.8043 4.6560 19.4238 7.7710 4.8214 0.8763 Discoloration
detected
13 | 3B21 | 54.9052 83253 26.5294 1.2781 4.8746 1.4462
14 | 3B22 | 54.6850 7.1299 26.8318 2.4433 4.6961 2.1369
15 | 3B23 | 54.6631 7.4377 26.6373 22958 4.6865 2.0850 Moderate
16 | 3B2-4 | 51.0970 7.4077 30.5151 2.5835 4.6165 1.7925
17 | 3B25 | 56.9420 6.5257 25.6079 1.9329 43993 2.5908
18 | 3B3-1 | 652748 5.8677 20.8936 0.4365 5.1909 <LOD
19 | 3B32 | 554166 6.8492 25.5286 3.0500 4.9451 1.9598 Moderate
20 | 3B33 | 55.6366 6.7134 252674 2.6305 4.3505 3.2968
21 | 3B34 | 61.2841 6.7931 21.0502 1.8643 47914 1.8988
22 | 4Al1 | 503823 8.6243 26.9968 1.5713 6.1012 3.4479 Fair
Moderate
23 | 4A13 | 659779 6.4244 15.0966 0.0933 7.4707 1.9548 | (low silica, high iron
content)
24 | 4A14 | 517020 9.0399 23.2669 1.7382 6.9605 3.9999 Fair
Moderate
25 | ALA T 407908 12.5873 30.4453 0.1658 8.2244 32503 | (Highiron, alumina
1-3 and silica with
reduced calcium)
26 | 4A22 | 66.3363 57859 10.2199 6.3866 7.6093 <LOD Moderate (High
Sulphur content)
27 | 4A23 | 573184 8.4880 18.3637 2.0490 6.5737 3.8506 Fair
28 | 4A2-4 | 542545 7.7214 21.6178 3.4031 6.4683 3.6261 Moderate (High
sulphur content)
29 | 4A3 52,5671 8.1218 242160 24718 6.6900 2.8344 Fair
30 | 4A4 73.3684 6.1742 6.1688 1.7202 83191 <LOD Moderate (High
calcium, low silica)

Note: * Each color represents one straight crack line or area
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4. Conclusions

From this report, the conclusions can be drawn as
follows:

1.

For Beam 3A, the concrete quality is considered, as
fair and strength of concrete is in targeted strength
between concrete grade 35 to 45 MPa (need to
confirm from design mix). This is confirmed from
the consistent reading of calcium, silica and alumina
from elementary analysis. However, several numbers
of crack have been identified as stated in Table 2 and
need to further check. Furthermore, a minimum
carbonation effect has been detected but the reading
is considered as low and should not affected the
performance of concrete.

For Beam 3B, the performance and strength of
concrete is considered moderate and doubtful. This is
confirmed due to high carbonation reading taken
from the beam. The possibility of this occurred
because of selection of material or design which
need further check.

For Beam 4A, the concrete beam is considered as
fair and similar to Beam 3A. However, the reading
for elementary analysis is detected not consistent and
discoloration at the surface of concrete. Prior to that,
the selection of material may contribute to the
problem as stated.
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