
JULY 2021  

INVESTIGATION ON APPLICABILITY OF 

ULTRASONIC PULSE VELOCITY MEASUREMENTS 

TO ESTIMATE THICKNESS OF REINFORCED 

CONCRETE WALL PANEL 

 

 

 

 

 

 

 
Z.T.M. FAZLI 

(168907G) 

 

 

 

 
 
 

Degree of Master of Science in Structural Engineering Design 

 
 

Department of Civil Engineering 

University of Moratuwa 

Sri Lanka 



JULY 2021  

INVESTIGATION ON APPLICABILITY OF 

ULTRASONIC PULSE VELOCITY MEASUREMENTS 

TO ESTIMATE THICKNESS OF REINFORCED 

CONCRETE WALL PANEL 

 

 

 

 

 

Z.T.M. FAZLI 

(168907G) 

 

 

 
Thesis submitted in partial fulfillment of the requirements for the degree of Master of 

Science in Structural Engineering Design 

 

 

 

 

 

Department of Civil Engineering 

University of Moratuwa 

Sri Lanka 



i  

“I declare that this is my own work and this thesis does not incorporate without 

acknowledgement any material previously submitted for a Degree or Diploma in any 

other University or Institute of higher learning and to the best of my knowledge and 

belief it does not contain any material previously published or written by another 

person except where the acknowledgement is made in the text. 

 
Also, I hereby grant to University of Moratuwa the non-exclusive right to reproduce 

and distribute my thesis, in whole or in part in print, electronic or other medium. I 

retain the right to use this content in whole or part in future works (such as articles or 

books).” 

 

 

Signature: ………………………… Date: 

 

 

 

 

 

 
The above candidate has carried out research for the Masters thesis under my 

supervision. 

 
Name of the Supervisor: Dr. Mrs. D. Nanayakkara 

 

 

 

 

Signature of the supervisor: ………………………. Date: 



ii  

ABSTRACT 

 
In Sri Lanka, Concrete has been widely used as a construction material for more than 

hundred years and it is necessary to analyse some of these existing old structures to 

check their structural adequacy, for retrofitting works, repair works and 

rehabilitation works, etc. For these purposes it is necessary to know the sectional 

dimensions of structural elements and reinforcement details to evaluate the structural 

adequacy with the existing strength of concrete. In most of the cases it may not be 

possible to find the structural drawings to obtain these required structural details and 

also it may not be possible to measure the required thicknesses of structural elements 

due to accessibility problems. The objective of this research study is to establish a 

suitable non destructive method to estimate the thicknesses of various types of 

concrete members with accessibility problems. Hence, from a thorough literature 

study, it was found that using ultrasonic pulse velocity methods it could be possible 

to determine the uniform thicknesses of concrete walls. It is reported that this 

ultrasonic pulse velocity is affected by the concrete properties as well as the other 

factors such as temperature, stress history/ level of stress, path length, moisture and 

curing condition of concrete, presence of reinforcement and size and shape of the 

specimen. 

Accordingly, testing was conducted to study the influence of reinforcement 

percentages and to observe the influence of some other parameters such as age of 

concrete, moisture condition and temperature on the accuracy of the thickness 

predictions using ultrasonic pulse velocity method. Further to verify the results, 

some existing structures were also investigated. From this experimental study and 

the field investigations, it is found that the UPV test method could be used to 

estimate the thickness of concrete walls with a reasonable accuracy. 



iii  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Specially dedicated to my beloved family and friends… 



iv  

ACKNOWLEDGEMENTS 

 
My    first    and    foremost     sincere     gratitude     goes     to     my     supervisor, 

Dr. (Mrs.) D. Nanayakkara for guiding me throughout this research study and her 

valuable advices. I express my appreciation to Dr. K. Baskaran, the Research 

Coordinator, for the guidance and motivation towards accomplishing this research 

study successfully. Also, I take this opportunity to thank the staff members in the 

Department of Civil Engineering at the University of Moratuwa for their kind 

assistances. 

 

I wish to acknowledge my friends and colleagues for their feedback, cooperation and 

encouragement. Also, my most heartfelt appreciation goes to my family who give me 

invaluable support as always. 

 

Finally, I am grateful to everyone who helped me in various ways to complete this 

research work successfully. 



v  

TABLE OF CONTENTS  
Page 

 

DECLARATION i 

ABSTRACT ii 

DEDICATIONS iii 

ACKNOWLEDGEMENTS iv 

TABLE OF CONTENTS v 

LIST OF FIGURES vii 

LIST OF TABLES x 

LIST OF ABBREVIATIONS xii 

1.0 INTRODUCTION 1 

1.1 General 1 

1.2 Historical Background 2 

1.3 Research Gap 3 

1.4 Objective of the Study 4 

1.5 Methodology of the Study 4 

2.0 LITERATURE REVIEW 5 

2.1 Historical Evolution and Findings of the UPV Technique 5 

2.2 Applications of Ultrasonic Pulse Velocity Techniques 9 

2.3 Factors Influencing UPV 11 

2.3.1 Effects of Concrete Properties on UPV 11 

2.3.1.1 Aggregate Size, Grading, Type, and Content 11 

2.3.1.2 Cement Type 13 

2.3.1.3 Water-Cement Ratio 13 

2.3.1.4 Admixtures 13 

2.3.1.5 Age of Concrete 13 

2.3.2 Other Factors Effecting UPV 14 

2.3.2.1 Temperature 14 

2.3.2.2 Stress History/ Level of Stress 15 



vi  

Page 

2.3.2.3 Path Length 16 

2.3.2.4 Moisture Condition and Curing Condition of Concrete 17 

2.3.2.5 Presence of Reinforcement 20 

2.3.2.6 Shape and Size of a Specimen 26 

3.0 EXPERIMENTAL STUDY 27 

3.1 Theory of Pulse Travelling Through the Concrete 27 

3.2 Pulse Velocity Test Instrument and its Application 28 

3.2.1 Use of the Test Instrument 29 

3.2.2 Transducer Arrangements 30 

3.2.2.1 Direct Transmission (Opposite faces) 30 

3.2.2.2 Semi-Direct Transmission (Adjacent faces) 31 

3.2.2.3 Indirect Transmission (Same faces) 31 

3.2.3 Measurement of Layer Thickness 32 

3.3 Experimental Setup 35 

3.3.1 Initial Testing – (Series 1) 35 

3.3.2 Experimental Study – (Series 2) 37 

3.4 Observations 39 

3.4.1 Initial Observations (Series 1) 39 

3.4.2 Observations on Test Series 2 41 

3.5 Specimen Calculations 43 

3.6 Tabulation of Calculated Thicknesses 44 

3.7 Results of the Experiment 45 

3.8 Further Experiment to Verify the Effect of Other Parameters 46 

3.9 Efforts for Further Studies on Real Situations 53 

4.0 CONCLUSIONS AND RECOMMENDATIONS 74 

4.1 Suggestions for Further Studies 75 

REFERENCES 76 



vii  

LIST OF FIGURES 

 
Figure 2.1 Simplified Circuit Waveform (not to scale) of Jones (1955) 

 
Figure 2.2 Relationship with Pulse Velocity Vs Compressive Strength by Jones 

(1962) 

 

Figure 2.3 Effect of Temperature by Jones & Facaoaru (1969) 

Figure 2.4 Effect of Path Length by Bungey (1980) 

Figure 2.5 Influence of Moisture Condition by Bungey (1980) 

Figure 2.6 Desiccation Line Method based on Tomsett (1980) 

Figure 2.7 Typical Correction Factors based on Bungey et al. (2006) 

Figure 2.8 Reinforcement Parallel to Pulse Path 

Figure 2.9 Relationship of r/f bar dia. and ratio of Velocities for r/f bars Parallel 

to Path of the Pulse based on Bungey (1984) 

 

Figure 2.10 Correction Factors for Pulse Path Parallel to r/f bars [a ˃ 2b] based on 

Bungey (1984) 

 

Figure 2.11 Reinforcement is Crossways to Path of the Pulse: (a) Path Travelling 

Crossways of Reinforcement; (b) Bar dia./Velocity Ratio by Bungey 

(1984) 

 

Figure 3.1 Typical UPV Test Circuit Schematic Diagram (Tarun et al., 2004) 

Figure 3.2 Typical UPV Testing Instrument (Tarun et al., 2004) 

Figure 3.3 Direct Transmission 

Figure 3.4 Semi-Direct Transmission 

Figure 3.5 Indirect Transmission 



viii  

Figure 3.6 Layer Thickness Measurement - Bungey et al., (2006) 

 
Figure 3.7 Reinforcement Arrangement for the Test Specimen (Series 1) 

Figure 3.8(a) Test Panels in Series 2 

Figure 3.8(b) Testing for UPV measurements on Test Panels in Series 2 

Figure 3.9 Taking Measurements on the Test Panels in Series 1 

Figure 3.10 Distance to the Receiver Vs Time Taken for Specimen-1 (Series 1) 

Figure 3.11 Distance to the Receiver Vs Time Taken for Specimen-2 (Series 1) 

Figure 3.12 Distance to the Receiver Vs Time Taken for Sample-A 

Figure 3.13 Distance to the Receiver Vs Time Taken for Sample-B 

Figure 3.14 Distance to the Receiver Vs Time Taken for Sample-C 

Figure 3.15 Variation of Error Percentages Against the Reinforcement Ratio 

Figure 3.16(a) Distance to the Receiver Vs Time Taken for Specimen- 1 (Series 1) 

Figure 3.16(b) Distance to the Receiver Vs Time Taken for Specimen- 2 (Series 1) 

Figure 3.16(c) Distance to the Receiver Vs Time Taken for Sample- A (Series 2) 

Figure 3.16(d) Distance to the Receiver Vs Time Taken for Sample- B (Series 2) 

Figure 3.16(e) Distance to the Receiver Vs Time Taken for Sample- C (Series 2) 

Figure 3.17 Field Measurements at Sewerage Treatment Plant, Soyzapura 

Figure 3.18(a) Distance to the Receiver Vs Time Taken for Compost Filter Wall at 

Soyzapura 

 

Figure 3.18(b) Distance to the Receiver Vs Time Taken for Treatment Plant Wall at 

Soyzapura 



ix  

Figure 3.19 Distance to the Receiver Vs Time Taken for Grade 25 Concrete 185 

mm Panel 

 

Figure 3.20 Distance to the Receiver Vs Time Taken for Grade 30 Concrete 200 

mm Panel 

 

Figure 3.21 Distance to the Receiver Vs Time Taken for Grade 35 Concrete 185 

mm Panel 

 

Figure 3.22 Distance to the Receiver Vs Time Taken for 90 mm Panel with 

Opposite Medium as Air 

 

Figure 3.23 Distance to the Receiver Vs Time Taken for 90 mm Vertically 

Oriented Panel 

 

Figure 3.24 Distance to the Receiver Vs Time Taken for 60 mm Panel 



x  

LIST OF TABLES 

 

Table 2.1 Corrections for Velocity of Pulse Due to Temperature Changes by BS 

1881, Part 203, 1986 

 

Table 2.2 Frequencies of Transducer Vs. Least Lateral Dimension by RILEM 

Recommendations, 1972 

 

Table 3.1 Dimensions of the Test Panels and the Reinforcement Ratios used for 

Test Series 1 

 

Table 3.2 Mix Proportions used for the Concrete Panels 

 
Table 3.3 Dimensions of the Concrete Panels and Details of Reinforcement 

Percentage in (Series 2) Concrete Panels 

 

Table 3.4 Initial Test Observations (Series 1) 

Table 3.5 Observations for Test Series 2 

Table 3.6 Calculated Thicknesses for all Panels 

Table 3.7 Results Summary 

Table 3.8(a) Results Summary for Specimen- 1 (Series 1) 

Table 3.8(b) Results Summary for Specimen- 2 (Series 1) 

Table 3.8(c) Results Summary for Sample-A (Series 2) 

Table 3.8(d) Results Summary for Sample-B (Series 2) 

Table 3.8(e) Results Summary for Sample-C (Series 2) 

Table 3.9 Calculated Thicknesses for all Panels after 30 days of Initial Test 

Table 3.10 Results Summary for all Panels after 30 days of Initial Test 



xi  

Table 3.11(a) Observation for Compost Filter at Soyzapura 

 
Table 3.11(b) Observation for Treatment Plant Wall at Soyzapura 

 
Table 3.12 Observation for Grade 25 Concrete Panel with 185 mm Thickness 

Table 3.13 Observation for Grade 30 Concrete Panel with 200 mm Thickness 

Table 3.14 Observation for Grade 35 Concrete Panel with 185 mm Thickness 

Table 3.15 Observation for 90 mm Panel with Opposite Medium as Air 

Table 3.16 Observation for 90 mm Vertically Oriented Panel 

Table 3.17 Observation for 60 mm Panel 

 
Table 3.18 Summary of the Results with some Actual Scenario with Different 

Conditions 



xii  

LIST OF ABBREVIATIONS 

 
Principal List of Acronyms and Abbreviations are presented below. 

 

 
Abbreviation Description 

ρ Density 

C Velocity of sound on the specimen 

d Thickness of Sample 

E Moduli of elasticity 

Ed Dynamic modulus of elasticity 

f Fundamental frequency 

f1 Strength of a standard saturated specimen 

f2 Actual strength of the in-situ concrete 

fn Corresponding Frequency 

G Moduli of elasticity 

k Constant relative to compaction control 

Ls Length of the r/f bar in mm 

MIRA Ultrasonic Tomography Device 

NDT Non Destructive Test 

PUNDIT Portable Ultrasonic Non- destructive Digital Indicating Tester 

QA Quality Assurance 

QC Quality Control 



xiii  

t Thickness of the upper layer 

UPV Ultrasonic Pulse Velocity 

USA United States of America 

V1 Pulse velocity in upper layer 

V2 Pulse velocity in lower layer 

Vc Pulse velocity in concrete 

Vm Apparent pulse velocity 

Vs Pulse velocity in steel r/f bar 

x Spacing where the discontinuity of the plot is observed 

ν Dynamic Poisson’s ratio 

υ Poisson’s ratio 

n Wave length 


