
Journal of Multidisciplinary Engineering Science Studies (JMESS) 

ISSN: 2458-925X 

Vol. 7 Issue 12, December - 2021 

www.jmess.org 

JMESSP13420815 4162 

Quality Assessment Of Reinforced Concrete 
Structural Elements Of Some Selected 

University Buildings Using Ultrasonic Pulse 
Velocity Test 

Akingbonmire, Samuel L.
1
 

Lecturer in the Department of Civil Engineering, 
The Federal University of Technology,  

Akure, Nigeria. 
sakingbonmire@futa.edu.ng 

 

Afolayan, Joseph O.
2
 

Prof. of Structural Engineering,  
Anchor University, Lagos, NIGERIA 

joafolayan@aul.edu.ng 
 

Olanitori, Lekan, M.
3
 

Prof. of Structural Engineering, Department of 
Civil Engineering, The Federal University of 

Technology, Akure, Nigeria  
lmolanitori@futa.edu.ng 

 

Ikumapayi, Catherine M.
4
 

Associate Prof. of Structural Engineering, 
Department of Civil Engineering, The Federal 

University of Technology, Akure, Nigeria. 
cmikumapayi@futa.edu.ng 

Abstract —The rate at which buildings collapse in 
the world is increasing at an alarming rate and 
most often the aftermath effects are highly 
devastating to both humans and properties. As a 
result of this, there is a need for preventive 
measures on the existing buildings to prevent 
failure. Structural health monitoring through non-
destructive techniques is a good approach to this. 
In this research, two institutional hostels (A and 
B) were chosen, and an ultrasonic pulse velocity 
tester was used to test the accessible structural 
components (slabs, beams, and columns) for their 
concrete quality. It was discovered that the 
hardness of concrete of columns of Hostel B has 
high pulse velocities than Hostel A, but Beams A 
have high quality of concrete more than B and 
that of slab B is more than slab A. Similarly, floor 
beam 10 possesses greater hardness than other 
structural elements while some of the beams 
(beams 9, 13, and 14) also possess so low a 
concrete quality as 3.0 km/s in Hostel A. The 
maximum pulse velocity for the slab is 5.30 km/s, 
5.40 km/s for beams, and 4.30 km/s for columns in 
Hostel A. For Hostel B, the maximum pulse 
velocity is 6.20 km/s, while that of the slab is 5.60 
km/s and 5.30 km/s for first floor beams. The 
variation in the nature of the hardness of the 
tested concrete as well as low quality 
performance obtained in some structural elements 
signifies that periodic structural health monitoring 
is advised in order to prevent failure. 

 

Keywords—Reinforced concrete; non-
destructive techniques; ultrasonic pulse velocity 

I.  INTRODUCTION  

From the time immemorial, man has found several 
means to protect himself from the weather such as 

rain fall, snow fall, sunlight, heat waves, etc. Due to 
this, he used a lot of materials for construction of 
shelters so as to achieve this cogent objective. Such 
materials that have been used from creation include 
wood, leaves, animal skin, clay (mud), stone, brick, 
metals, plastics, concrete, etc. All these materials 
have their own pros and cons because of their 
variation in both physical and chemical properties. For 
instance, wood can be locally sourced and possesses 
both heat and electrical resistance but its light weight 
property does not make it good to support heavy 
loads and also not strong enough to withstand long 
span. As well, steel has very good fatigue strength 
and can be used for high rise buildings but it is 
generally very expensive. However, the most 
commonly used building materials on earth is 
concrete [1]. This is because concrete has good 
compressive strength, durable and can be used to 
form any desired shape. When used in conjunction 
with steel, it forms reinforced concrete, which is better 
than ordinary mass concrete [2]. The addition of 
reinforcement increases its tensile strength. As a 
result of these laudable properties, concrete proves to 
be a versatile material used for construction of 
buildings. However, overtime, the concrete tends to 
get deteriorated during service life. The deterioration 
may be in form of scaling, delamination, 
efflorescence, disintegration, erosion, corrosion of 
reinforcement, spalling, alkali-aggregate reactions and 
cracking. The defect may occur for building under 
construction or in use. The consequences of not 
paying attention to these defects on time may be 
calamitous to human, properties and economy. The 
five-story building collapse at India in August 2020 
which left twelve people dead [3]; the fear for collapse 
of Central PP building, Cambodia (70 years old having 
more than one thousand rooms and 65 families) in 
September 2020 when parts of the building crumbled 
and particles fell off into the nearby road after rainfall 
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[4]; and the high rise building (under construction) 
which belonged to Houston-based Marathon Oil's new 
headquarter collapsed in October 5, 2020 leaving at 
least three people dead [5] are typical examples. In 
order to avert collapse, most especially for building in 
service, structural health monitoring of the structural 
components through non-destructive approach may 
be employed. The data obtained from it will reveal the 
status of the building whether it is fit or unfit to use. 

II. LITERATURE REVIEW 

The integrity of structural elements can be assessed 
by either destructive testing or non-destructive testing. 
Destructive testing (DT) is a good approach but the 
elements being tested will be destroyed in the course 
of the test and it is used during construction to 
ascertain the quality/strength of the concrete during 
production. Non-destructive testing (NDT), as the 
name implies, is the assessment of structural integrity 
of a structure (whether at serviceability state or at 
construction stage) without tampering with the 
structural behaviour of the structural elements (with 
little or no-damage) [6]. With this, less expensive 
testing equipment is involved, the quantity of labour 
required for the testing is reduced and where cores 
cannot be drilled, it is easier to assess the concrete 
strength [7], [8]. Other advantages of NDT are that 
they can be used to assess concrete uniformity, 
homogeneity and in-situ compressive strength; 
measure elastic modulus of concrete, detect cracks, 
voids and other faults; checking any changes in the 
structure with respect to time, knowing 
reinforcement’s position and condition, etc. [9], [10].  
[11] highlighted the basic principal test methods of 
investigating the condition of structures (Table I). 

TABLE I. PRINCIPAL METHODS OF INVESTIGATING THE CONDITIONS 

OF STRUCTURES 

S/N Property 
under 

investigation 

Test 

1 Concrete 
strength 

Cores, Near-surface tests, 
Rebound hammer. 

2 Concrete 
quality 

Visual examination of cores 
and lump samples, ultrasonic 
pulse velocity, petrographic 
examination, expansion of 
cores, chemical analysis. 

3 Corrosion of 
reinforcement 

Carbonation depth, cover 
depth, chloride content, half-
cell potential and potential 
mapping, corrosion rate, 
resistivity. 

4 Integrity Reinforcement location, 
concrete porosity, initial 
surface absorption, water 
permeability, gas 
permeability, radar, 
thermography, gamma 
radiography, impact echo, 
acoustic emission. 

 

Table 1 implies that non-destructive tests can be used 
to access in-situ concrete strength, concrete quality, 
level of corrosion of embedded steel and concrete 
integrity among others. However, among these 
equipment for testing in-situ concrete strength and 
quality, rebound hammer and ultrasonic pulse velocity 
tests are the most common [12], [13], [14], [15], [16], 
[17], [18] and [19]. For this research, ultrasonic pulse 
velocity was used. 

 

A. Ultrasonic Pulse Velocity Tester 

Ultrasonic pulse velocity tester is used to determine 
the modulus of elasticity and dynamic Poisson’s ratio 
of the concrete; examine the uniformity of concrete; 
measure changes that occur with time in the 
properties of concrete and correlate pulse velocity and 
strength as a measure of concrete quality. Ultrasonic 
Pulse Velocity tester (Fig. 1), as the name implies, is 
based on a pulse of longitudinal vibrations produced 
by an electro-acoustical transducer when in contact 
with the concrete or member. When the pulse 
generated is transmitted into the concrete from the 
transducer using a liquid coupling material such as 
grease or cellulose paste, it undergoes multiple 
reflections at the boundaries of the different material 
phases within the concrete. A complex system of 
stress waves develops, which include both 
longitudinal and shear waves, and propagates through 
the concrete. The first waves to reach the receiving 
transducer are the longitudinal waves, which are 
converted into an electrical signal by a second 
transducer. Electronic timing circuits enable the 
transit time T of the pulse to be measured. 
The longitudinal pulse velocity (km/s) is given as 
shown in (1)  

𝑉 =
𝐿

𝑇
                                 (1) 

where V is the longitudinal pulse velocity, L is the path 
length and T is the time taken by the pulse to traverse 
that length. [20] highlights the method of finding the 
pulse velocity of concrete. 

 
Fig. 1. Pundit Lab Equipment 

The three basic ways of arranging the transducers 
are: (i) Direct transmission, (ii) Semi-direct 
transmission, and (iii) Indirect transmission. Since the 
maximum pulse energy is transmitted at right angles 
to the face of the transmitter, the direct method is the 
most reliable from the point of view of transit time 
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measurement as shown in Fig. 2. Also, the path is 
clearly defined and can be measured accurately, and 
this approach should be used wherever possible for 
assessing concrete quality. The semi-direct method 
can sometimes be used satisfactorily if the angle 
between the transducers is not too great, and if the 
path length is not too large. The sensitivity will be 
smaller, and if these requirements are not met, it is 
possible that no clear signal will be received because 
of attenuation of the transmitted pulse. The path 
length is also less clearly defined due to the finite 
transducer size, but it is generally regarded as 
adequate to take this from centre to centre of 
transducer faces. 
The indirect method is definitely the least 
satisfactory, since the received signal amplitude may 
be less than 3% of that for a comparable direct 
transmission. The received signal is dependent upon 
scattering of the pulse by discontinuities and is thus 
highly subject to errors. The pulse velocity will be 
predominantly influenced by the surface zone 
concrete, which may not be representative of the 
body, and the exact path length is uncertain [21] 

 
Fig. 2. Types of reading (a) Direct; (b) semi-direct; (c) 

indirect. 

 
Table II shows the quality of concrete viz a viz the 
longitudinal pulse velocity. Concrete having the pulse 
velocity greater than 4.5 is classified as being very 
good or excellent while the one having its pulse 
velocity lesser than 2.5 is classified as being very 
poor. 

TABLE II. CONCRETE QUALITY WITH CORRESPONDING PULSE VELOCITY 

[22] 

Average Ultrasonic 
Pulse Velocity (km/s) 

Quality of concrete 

>4.5 Very Good 

3.5 - 4.5 Good 

3.0 – 3.5 Fair 

2.5 – 3.0 Doubtful 

<2.5 Very Poor 

 
The magnitude of the pulse velocity which determines 
the quality of concrete as highlighted in Table 2 are 
affected by so many factors. Some of the factors are: 
the moisture content of the concrete, the path length, 

the temperature of the concrete, the effect of 
reinforcing bars and the shape and size of specimen. 
 

III. METHODOLGY 

The equipment used is the ultrasonic pulse velocity 
type called Pundit Lab instrument as shown in Fig. 3 
and it is calibrated before use for efficiency. This is 
done by using the equipment calibration rod together 
with its transducers. Couplant is applied to the 
transducers and both the transducers and the 
calibration rod are held firmly together. Fig. 4 shows 
the field measurement of the accessible structural 
elements.  

 
 
Fig. 3. Calibration of Pundit Lab instrument 

 

           Fig. 4. Field investigation 

The two buildings considered for investigations were 
the institutional Hostel Buildings A and B as shown in 
Figs. 5 and 6. The structural components considered 
are spelled out in Table III 
. 

TABLE III: NUMBER OF STRUCTURAL COMPONENTS OF THE BUILDINGS 

 

S/N Component Hostel A 
(Number) 

Hostel B 
(Number) 
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1 Ground floor 
columns 

72 161 

2 First floor 
beams 

46 89 

3 Slab 18 32 

 

Fig. 5. The structural layout of the building Hostel A  

 

Fig. 6. The structural layout of the building Hostel B  

 

IV.  RESULTS AND DISCUSSION 

Fig. 7 is the plot of pulse velocity against the ground 
floor columns for Hostel A. From the plot, the average 
pulse velocity is 3.79 km/s and their standard 
deviation is 0.25. With [22] classification, 85% of the 
columns are of good concrete quality while 15% are 
fair. This shows that the quality of the concrete in the 
columns is averagely okay. For the quality of the 
concrete of the slab in respect to Fig. 8, the average 
pulse velocity is 4.1 km/s while their standard 
deviation is 0.6. The minimum and maximum pulse 
velocities are 3.30 km/s and 5.30 km/s respectively.  It 
is observed that only 11% of the slabs can be said to 
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be of fair hard concrete, 61% are of good concrete 
layer, while 28% are of very good hard [22]. This 
implies that the slabs are very good in concrete 
quality. 

 

 
Fig. 7. Pulse Velocity results for ground floor columns 
of Hostel A 
 
 

 
Fig. 8. Pulse Velocity results for Slab 
 

Similarly, regarding the concrete qualities of the 
ground floor beams in Fig. 9, the average pulse 
velocity is 3.8 km/s and their standard deviation is 
0.51. The minimum and maximum pulse velocities are 
3.00 km/s and 5.40 km/s respectively. 11% of the 
beams are of very good concrete layer, 67% are of 
good concrete quality while 22% are of fair concrete 
quality. Making a comparison with the qualities of 
concrete of these structural elements of this building 
(Fig. 10), the floor beam 10 possesses greater 
hardness than other structural elements while some of 

the beams (beams 9, 13 and 14) also possess so low 
a pulse velocity as 3.0 km/s, which signifies a doubtful 
quality of concrete 

 
Fig. 9. Pulse Velocity results for first floor beams of 
Hostel A 
 

Fig. 10. Comparison of Pulse Velocity results for 
Columns, Slab and Beams 
 
However, for Hostel B, Fig. 11 is the plot of the pulse 
velocities against the columns. The average pulse 
velocity is 3.8 km/s for the ground floor columns while 
their standard deviation is 0.6 km/s. The minimum and 
the maximum pulse velocities are 3.10 km/s and 6.20 
km/s. According to the Indian Standard, [22], 26% of 
the ground columns are of fair hard concrete, 63% are 
of good concrete layer and 11% are of very good 
concrete.  
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Fig. 11. Pulse Velocity results for Ground floor 
columns of Hostel B 
 
However, the average pulse velocity for the slab is 4.4 
km/s while their standard deviation is 0.55 km/s (Fig. 
12). The minimum and maximum pulse velocities are 
3.60 km/s and 5.60 km/s respectively. Using IS 
13311-1:1992 classification, it is observed that 63% 
are of good concrete layer, while 38% are of very 
good hard concrete. This means that the entire slabs 
can still function well,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12: Pulse Velocity results for Slab of Hostel B 
 
From Fig. 13, the average pulse velocity for the first 
floor beams is 3.7 km/s while their standard deviation 
is 0.49 km/s. The minimum and maximum pulse 
velocities are 3.00 km/s and 5.30 km/s respectively.  It 
was observed that only 39% of the beams are of fair 
hard concrete, 54% are of good concrete layer, while 
8% are of very good hard concrete. This implies that 
almost all the beams can still function well. 
Referring to Fig.14 (plot of pulse velocity against 
structural elements in Hostel B), it is noted that 
columns have greater pulse velocities more than the 
slabs and the beams and with Fig. 15 which gives the 
comparison of the pulse velocities of the structural 
elements in Hostel A and B, the pulse velocities of 
columns of Hostel B are higher than the other 
structural elements in both Hostels and Beams B gave 
the lowest. This implies that the quality of concrete in 
Hostel B is high and may remain in this state 
throughout its service life ceteris paribus. 
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Fig. 13. Pulse Velocity results for Beams of Hostel B 

 
Fig. 14. Comparison of Pulse Velocity results for 
Columns, Slab and Beams for Hostel B 

 
Fig. 15. Comparison of pulse velocities for Columns, 
Slabs and Beams for Hostel A and B Hostel B 

V.  CONCLUSIONS 
In this investigation using ultrasonic pulse velocity 
tester to conduct the concrete qualities of two 
University Hostels, the following conclusions can be 
made: 

1. Ultrasonic pulse velocity technique is a good 
technique for determining the hardness of 
concrete and it should be adopted to monitor 
any building under construction and in 
service; 

2. Comparing the hardness of concrete of 
columns in the two buildings, it was 
discovered that the columns in Hostel B have 
high pulse velocities more than Hostel A, 
signifying that they are harder in concrete 
strength. Also, Beams A have high quality of 
concrete more than B and that of slab B is 
more than slab A; and  

3. The quality of some floor beams in Hostel A 
is doubtful and therefore, those beams need 
to be strengthened to prevent future failure. 

 

REFERENCES 

[1] C. Artem, “What is Concrete? - Composition & Use 
in Construction” Available at 
https://study.com/academy/lesson/what-is-
concrete-composition-use-in-construction.html. 
Accessed 15 October, 2020 

 
[2] W. H. Mosley, and J. H.  Bungey, “Reinforced 

Concrete Design”, MacMillan, 4th ed., London, 
(1997). 

 
[3] M. Suri, and E. Mitra,” Twelve killed in India 
building collapse as rescue operation is suspended 
overnight”. Available at 
https://edition.cnn.com/2020/08/25/asia/india-building-
collapse-maharashtra-intl-hnk/index.html (Accessed 
16 October, 2020). 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Beams for Hostel B 

B 1 B 2 B 3 B 4 B 5 B 6 B 7 B 8

B 9 B 10 B 11 B 12 B 13 B 14 B 15 B 16

B 17 B 18 B 19 B 20 B 21 B 22 B 23 B 24

B 25 B 26 B 27 B 28 B 29 B 30 B 31 B 32

B 33 B 34 B 35 B 36 B 37 B 38 B 39 B 40

B 41 B 42 B 43 B 44 B 45 B 46 B 47 B 48

B 49 B 50 B 51 B 52 B 53 B 54 B 55 B 56

B 57 B 58 B 59 B 60 B 61 B 62 B 63 B 64

B 65 B 66 B 67 B 68 B 69 B 70 B 71 B 72

B 73 B 74 B 75 B 76 B 77 B 78 B 79 B 80

B 81 B 82 B 83 B 84 B 85 B 86 B 87 B 88

Very Poor 
Doubtful 
Fair 

Very Good 

 Good 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0

P
u

ls
e 

V
el

o
ci

ty
 (

k
m

/s
) 

Structural Elements 

Column Slab Beams

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 50.0 100.0 150.0 200.0

P
u

ls
e 

V
el

o
ci

ty
 (

k
m

/s
) 

Structural Elements 

Column A Slab A Beam A

Column B Slab B Beam B

http://www.jmess.org/
https://study.com/academy/lesson/what-is-concrete-composition-use-in-construction.html
https://study.com/academy/lesson/what-is-concrete-composition-use-in-construction.html


Journal of Multidisciplinary Engineering Science Studies (JMESS) 

ISSN: 2458-925X 

Vol. 7 Issue 12, December - 2021 

www.jmess.org 

JMESSP13420815 4169 

 
[4] Orm Bunthoeurn, “Fear for collapse of central PP 
building. Available at: 
https://www.phnompenhpost.com/national/fear-
collapse-central-pp-building”  Accessed 16 October, 
2020 
 
[5] S. Miya, “ Building too unstable after partial 
collapse killed 3 near City Centre, HFD said”  
Available at: https://abc13.com/houston-citycentre-
collapse-fatal-building-west-incident-work-site-
accident/6793916/. Accessed 16 October, 2020 
 
[6] H. Y. Qasrawi, “Concrete strength by combine non-
destructive methods, simply and reliably predicted”. 
Cement and concrete research, 30, 2000, pp 739-746. 
 
[7] A. M. Leshchinsky, “Non-destructive methods 
Instead of specimens and cores, In: Quality control of 
concrete structures, Proceedings of the International 
Symposium held by RILEM, Belgium, E&FN SPON, 
U.K., L. Taerwe and H. Lambotte (Eds.), 1991, pp. 
377 - 386. 
 
[8] M. Bilgehan and P. Turgut “The Use of neural 
networks in concrete compressive strength estimation. 
Computers and Concrete”, 7(3), 2010, pp. 271-283. 
 
[9] Concrete Logistics, “The need for non-destructive 
test on concrete” Available at 
https://www.concreteng.com/single-
post/2016/10/07/THE-NEED-FOR-NON-
DESTRUCTIVE-TEST-ON-CONCRETE. Accessed 
20-10-2020. 
 
[10] B. E. Backus, “Non-destructive testing of 
concrete: an equipment guide” Available at: 
https://www.globalgilson.com/blog/non-destructive-
testing-of-concrete-an-equipment-guide. Accessed 
20-10-2020. 
 
[11] Concrete Society, “Diagnosis of deterioration in 
concrete structures: identification of defects, 
evaluation and development of remedial action”. 
Concrete Society Technical Report No. 54.  Available 
at: 
https://rosap.ntl.bts.gov/view/dot/16186/dot_16186_DS1.pd

f? Accessed 30-10-2020. 
 
[12] A. Ferhat and S. Mehmet, “Correlation between 
Schmidt Hammer and destructive compressions 
testing for concretes in existing buildings” Scientific 
Research and Essays, 5(13), 2010 
 
[13] H. Mohammadreza, S.  Ali, K.  Arabnejad, S. 
Hamid, T. Ali, and N. karim, “Application of Schmidt 
rebound hammer and ultrasonic pulse velocity 
techniques for structural health monitoring” Scientific 
Research and Essays, Vol. 7 (21), 2012. 
[14] K. V. Sanjeev, S. B. Sudhir and A. Saleem, 
“Review of non-destructive testing methods for 

condition monitoring of concrete structures” Journal of 
Construction Engineering, 2013. 
 
[15] M. Jedidi and K. Machta, “Destructive and non-
destructive testing of concrete structures’ Jordan 
Journal of Civil Engineering, 8(4), 2014. 
 
[16] A. S. Muhammad, A.S. Zahid, A. Mubashir and A. 
Safeer, “Ultrasonic pulse velocity and rebound 
hammer testing for non-destructive evaluation of 
existing concrete structures” Pakistan Journal of 
Engineering and Applied Sciences,18, 2016, pp 89-97 
 
[17] J. Malek, A. Anis, M. Bedis, and B. Omrane, 
“Non-destructive testing for the diagnosis and repair of 
a reinforced concrete building, International journal of 
Architecture”, Engineering and construction, 6(1), 
2017, Pp 20-28 
 
[18] G. Sakshi, “Comparison of Non-Destructive and 
Destructive Testing on Concrete: A Review” Trends in 
Civil Engineering & its Architecture, 3(1), 2018. 
 
[19] H. Thomas and A. Ede, “Use of non-destructive 
tests for reinforced concrete damage assessment” 
IOP conference Series: Materials Science and 
Engineering, 2019 
 
[20] ASTM C 597: Standard Test Method for Pulse 
Velocity through Concrete, American Society for 
Testing and materials, West Conshohocken, PA, 
USA, 2016 
 
[21] J. H.  Bungey, and S. G. Millard. “Testing of 
Concrete in Structures” 3rd ed.; Chapman &Hall: 
London, UK. 1996. 
 
[22] IS 13311:1, “Methods of Non-Destructive Testing 
of Concrete - Ultrasonic Pulse Velocity” 1992. 

 

http://www.jmess.org/
https://www.phnompenhpost.com/author/orm-bunthoeurn/207145
https://www.phnompenhpost.com/national/fear-collapse-central-pp-building
https://www.phnompenhpost.com/national/fear-collapse-central-pp-building
https://abc13.com/about/newsteam/miya-shay
https://abc13.com/houston-citycentre-collapse-fatal-building-west-incident-work-site-accident/6793916/
https://abc13.com/houston-citycentre-collapse-fatal-building-west-incident-work-site-accident/6793916/
https://abc13.com/houston-citycentre-collapse-fatal-building-west-incident-work-site-accident/6793916/
https://www.concreteng.com/single-post/2016/10/07/THE-NEED-FOR-NON-DESTRUCTIVE-TEST-ON-CONCRETE.%20Accessed%2020-10-2020
https://www.concreteng.com/single-post/2016/10/07/THE-NEED-FOR-NON-DESTRUCTIVE-TEST-ON-CONCRETE.%20Accessed%2020-10-2020
https://www.concreteng.com/single-post/2016/10/07/THE-NEED-FOR-NON-DESTRUCTIVE-TEST-ON-CONCRETE.%20Accessed%2020-10-2020
https://www.concreteng.com/single-post/2016/10/07/THE-NEED-FOR-NON-DESTRUCTIVE-TEST-ON-CONCRETE.%20Accessed%2020-10-2020
https://www.globalgilson.com/blog/non-destructive-testing-of-concrete-an-equipment-guide.%20Accessed%2020-10-2020
https://www.globalgilson.com/blog/non-destructive-testing-of-concrete-an-equipment-guide.%20Accessed%2020-10-2020
https://www.globalgilson.com/blog/non-destructive-testing-of-concrete-an-equipment-guide.%20Accessed%2020-10-2020
https://rosap.ntl.bts.gov/view/dot/16186/dot_16186_DS1.pdf
https://rosap.ntl.bts.gov/view/dot/16186/dot_16186_DS1.pdf

