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Abstract The purpose of this study is to estimate the early age 

compressive strength of concrete members and the thickness of 

concrete column members using the ultrasonic pulse velocity 

method and impact echo method among nondestructive test 

methods. A nondestructive experiment was conducted by making 

6 furniture-type specimens comprised of columns of different 

thickness and size and 90 specimens of 6 age variables. For con-

crete specimens, the design parameters were set at 16, 20, 24, 48, 

72 and 120 hours at the age of 24, 30 and 40 MPa. The possibility 

of using the early age compressive strength and size of the con-

crete members as a quality control technique was confirmed 

based on the correlation between the compressive strength and 

pulse velocity in the ultrasonic pulse velocity method and impact 

echo method. Therefore, the validity of the nondestructive testing 

method as a quality control technique for concrete structures was 

confirmed. 
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I. INTRODUCTION 

The nondestructive test method is becoming important with 

the increasing interest in precise diagnosis, which evaluates 

the degree of damage in building structures due to aging or 

natural disaster, and periodic inspection for maintenance. 

Quality improvement is inevitable, and evaluation of the 

condition of concrete members in the early age is especially 

important. To perform quick and accurate diagnosis of 

building structures, it is necessary to develop a complex 

nondestructive testing technology using the advantages of 

the nondestructive test method based on stress waves. Dam-

age on human life caused by the destruction of a new park-

ing lot building under construction in Tel Aviv, Israel that 

occurred in September 2016 demonstrates the importance of 

evaluating the early age compressive strength of concrete 

structures. Prior to the destruction, this construction site 

already had an accident in which concrete beams were col-

lapsed in July. The later accident could not be prevented 

because the site did not accurately evaluate the early age 

condition such as compressive strength of concrete [1].  
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The purpose of this study is to measure compressive 

strength of concrete and thickness of concrete column mem-

bers by applying the ultrasonic pulse velocity method and 

impact echo method among various nondestructive test 

methods to evaluate the early age condition of concrete 

members. For the concrete member specimens, 90 simulated 

members are made by setting the age to 16, 20, 24, 48, 72 

and 120 hours and the design strength to 24, 30 and 40 MPa. 

Experiments are carried out to estimate compressive 

strength of concrete and thickness of concrete column mem-

bers in the early age.  

By finding the correlation between ultrasonic velocity and 

compressive strength, it can be used to estimate the early 

age compressive strength of concrete structures at construc-

tion sites by establishing a method of evaluating the early 

age condition of concrete members using the nondestructive 

test method. Also, the impact echo method can possibly be 

applied to control quality of concrete column members. 

II. Review of previous research 

The study of the nondestructive test methods to evaluate the 

condition of concrete structures was started after an incident 

in 1970s where a defect occurred in unhardened concrete. 

Studies on the ultrasonic pulse velocity method and impact 

echo method include a study (2016) of S. U. Hong et al. [2] 

that estimated concrete thickness of a concrete slope struc-

ture using the ultrasonic pulse velocity method and impact 

echo method, a study of Y. T. Lee et al. [3] that estimated 

size of concrete members using the impact echo method, 

and a study of S. U. Hong et al. [4] that explained the sur-

face wave method by numerical analysis. A study of S. B. 

Kim et al. [5] estimated the compressive strength and defect 

of concrete structures using the surface wave method and 

impact echo method. D. S. Kim et al. [6] used the impact 

echo method to evaluate the applicability of concrete mem-

bers. In overseas, Hoda Azari et al. [7] studied (2014) the 

advantages of combining the impact echo method and ultra-

sonic pulse surface wave method. Also, Oskar Baggens and 

Nils Ryden [8] studied the near field effect of the impact 

echo method and reported that the near field effect induces 

an error of underestimating thickness. C. Y. Wang et al. [9] 

studied the method of detecting thickness of composite ma-

terials. However, most of these studies were conducted on 

simulated concrete members aged 28 days or above, and 

there is a lack of studies on quality control based on the 

compressive strength and thickness of concrete in the early 

age. 

 

 

 



Evaluation of the Early Age Condition of Concrete Structures Using Impact Echo Method and Ultrasonic Pulse Ve-

locity Method 

2729 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number G6391058719/19©BEIESP 

III. Impact echo method 

The impact echo method is based on the use of temporary 

stress waves generated by an elastic impact. When a me-

chanical impact is applied to the surface, body waves (P, S 

waves) propagated inside the specimen with a spherical 

wave front and surface waves (R waves) propagated along 

the specimen surface with a cylindrical wave front are gen-

erated. Here, the body waves are reflected and returned to 

the surface on which stress waves were formed if they en-

counter a discontinuous body like crack and void or bound-

ary between heterogeneous layers. Since surface displace-

ment caused by P waves reflected off the discontinuous 

body like crack and void or boundary between heterogene-

ous layers is much greater than surface displacement caused 

by S waves, the waveform detected on the surface can be 

seen as the waveform of reflected P waves. The impact echo 

method can be used to identify defects in a material and the 

position of the boundary. If dimensions of the specimen are 

known, defects in concrete can also be predicted. Also, if the 

propagation velocity of P waves is known, the position of 

the continuous surface inside the specimen can be found by 

measuring the arrival time of reflected waves. The time do-

main acquired by collecting stress waves from the excitation 

source using an accelerometer is converted into the fre-

quency domain through the Fast Fourier Transform (FFT). 

Resonance frequency from multiple reflections can be ob-

tained easily of the peak amplitude frequency from fre-

quency domain data. The velocity of compression waves can 

be found. The distance from the plate structure to the reflec-

tion boundary is  , the velocity of compression waves is     

and resonance frequency is   . The approximation expression 

is as shown in Eq. (1). Eq. (2) can be used to calculate 

thickness of members using frequency measured. Sansalone 

[10] reported that the 5% difference between actual thick-

ness and calculated thickness in general experimental results 

is because of a specific mode caused by vibration of mem-

bers from multiple reflections of P waves. 

                                                                                                            

(1) 

This occurs from repetition of the same mode as the exag-

gerated time-impulse function graph. This is known as the 

thickness mode. Eq. (2) is expressed using the shape factor 

(β) that consi ers the geometric shape. 

   β          β                                                              

(2) 

Among different types of stress waves propagated along the 

material by an elastic impact, body waves are propagated 

inside the material by compression and tension of the mate-

rial particles (P waves) and horizontal or vertical shear 

movement (S waves). Surface waves (R waves) occur when 

the material has a free surface like the ground surface. Com-

pression waves (P waves) show forward and reverse particle 

movements parallel to the direction of waves, only causing 

volume change without shear change. Particles in shear 

waves (S waves) only cause shear change without volume 

change. If axial displacement is constrained, the velocity of 

compression waves (  ) is determined by elastic modulus 

and density of the material as expressed in Eq. (3). 

 

    
 

 
  

      

            
                                                           

(3) 

Where,  : constrained modulus,  : Young's modulus,   : 

density,   : Poisson’s ratio 

IV. ULTRASONIC PULSE VELOCITY METHOD 

The ultrasonic pulse velocity method refers to velocity of an ultra-

sonic pulse transmitted to hardened concrete, which is generally 

calculated based on the passage time between the source and re-

ceiver. [11] Since density of concrete is heterogeneous and unspe-

cific, the ultrasonic pulse is affected by various factor. There are 

difficulties in properly estimating the compressive strength of con-

crete solely based on the ultrasonic pulse. However, if the primary 

conditions are similar, the strength can be estimated to some degree 

because there is a fixed correlation between the ultrasonic pulse 

and strength. Therefore, this test can be applied to the concrete 

strength test, which measures density of a material, elasticity, ho-

mogeneity, existence of void or cavity, and degradation or carbona-

tion caused by chemical damaging and aging. The test is done us-

ing pulses of 50∼60kHz, most appropriate for testing of a brittle 

material. When trying to evaluate material characteristics by meas-

uring velocity of the ultrasonic pulse, the precision of measurement 

needs to be extremely high. This means that it is necessary to use 

experimental instruments that can generate appropriate pulses and 

accurately measure the transit time of the material being tested. 

The pulse velocity can be calculated as expressed in Eq. (4) by 

measuring the path length of the pulses within the material. The 

velocity that appears on the measuring device is the velocity of the 

very first pulse. It is the velocity at which the pulse travels from the 

transmitting transducer (Tx) to the receiving transducer (Rx) when 

Tx and Rx are placed in appropriate positions on the material sur-

face. 

 

P  se  e ocit                                                               (4) 

V. Experiments 

The objective of this study is to measure the compressive 

strength of concrete and thickness of concrete column mem-

bers using the ultrasonic pulse velocity method and impact 

echo method, which are nondestructive test methods of ex-

amining the early age condition of concrete members. Ac-

cordingly, 120 concrete member specimens were made by 

setting six age variables of 16, 20, 24, 48, 72 and 120 hours 

for design strengths of 24, 30 and 40 MPa. The thickness 

specimens were planned out as furniture type with length of 

2,400mm, width of 2,400mm and height of 1,600mm as 

shown in Figure 1 and Photo 1. The specimens were made 

to have design strengths of 24, 30 or 40 MPa as presented in 

Table 1. 
Table 1: Concrete mix ratio 

 

 

 

Mix ratio (      ) 

D.S 

(MPa) 
C W F.A C.S C.A H.AE W/B S/a 

24 314 166 619 267 931 2.51 52.9% 49% 

30 383 170 557 240 948 3.06 44.4% 45.9% 

40 465 160 532 230 944 3.72 34.4% 44.9% 

D.S:  Designed strength 

C: Cement 

W: Water 

F.A: Fine aggregate 

C.S: Crushed sand 

C.A: Coarse aggregate 

H.AE:  High performance AE reducing agent 
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To calculate the average early age ultrasonic pulse velocity 

of concrete members, an ultrasonic pulse velocity measuring 

device of Olson, U.S was used according to the KS F 2730 

and ACI 229-2R standards for the ages of 16, 20, 24, 48, 72 

and 120 hours. 
 

 
Fig. 1: Specimen plan (mm) 

 

 
Photo 1: Form of conrete structures 

 

 
(a)Ultrasonic pulse velocity method 

 

   
(b)Compressive strength test                (c)Impact echo method 

 

Fig. 2: Experimental method 

 

As shown in Figure 2(a), the ultrasonic pulse velocity was 

measured 20 times at the center of the specimen. The com-

pressive strength of concrete was tested in accordance with 

KS F 2405 as shown in Figure 2(b), and a grinder was used 

to grind and flatten the top surface of the specimen for the 

compressive strength test. 

The compressive strength was calculated using a digital 

UTM after measuring maximum load. The experiment was 

carried out in accordance with ASTM C 1384-04 to measure 

the thickness of the concrete column members using the 

impact echo method. For the thickness measurement, the 

thickness was measured 10 times at random points on the 

specimen as shown in Figure 2(c). 

VI. RESULTS 

6.1. Estimation of compressive strength of concrete  
Among the experimental results for the specimen with the 

design strength of 24 MPa, the ultrasonic pulse velocity was 

96.4     for the age of 16 hours, 709.8     for the age of 

20 hours, 1,005.3     for the age of 24 hours, 2,300.1   
  for the age of 48 hours, 2,703.5     for the age of 72 

hours and 2,988.8     for the age of 120 hours. As shown 

in Figure 3, the pulse velocity increased rapidly from the age 

of 16 hours to 72 hours and then increased slowly until the 

age of 120 hours. 
 

 
Fig. 3: Ultrasonic pulse velocity by age of specimen(24MPa) 

The compressive strength of the simulated concrete mem-

bers was 2.58 % of the design strength for the age of 16 

hours, 3.13 % of the design strength for the age of 20 hours, 

3.83 % of the design strength for the age of 24 hours, 11.54 % 

of the design strength for the age of 48 hours, 25.25 % of the 

design strength for the age of 72 hours and 55.00 % of the 

design strength for the age of 120 hours. As shown in Figure 

4, the compressive strength increased according to the age. 
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Fig. 4: Compressive strength by age of specimen(24MPa) 

The relationship between the ultrasonic pulse velocity ac-

quired through the nondestructive test and the compressive 

strength of the 30 specimens of 6 different ages is illustrated 

in Figure 5. Eq. (5) was derived by performing regression 

analysis of the relationship between the ultrasonic pulse 

velocity and compressive strength based on the acquired 

data. The ultrasonic pulse velocity and compressive strength 

have a non-linear correlation, where the compressive 

strength increases non-linearly according to increase of the 

velocity. This is because the development rate of the ultra-

sonic pulse is faster than the curing rate of the compressive 

strength. The early age compressive strength can be esti-

mated at a site with the concrete design strength of 24 MPa 

by using this equation. 

 
Fig. 5: Correlation of ultrasonic pulse velocity and compressive 

strength 

                                                                 (5) 

 

Among the experimental results for the specimen with the 

design strength of 30 MPa, the ultrasonic pulse velocity was 

96.4     for the age of 16 hours, 96.0     for the age of 20 

hours, 1,010.03     for the age of 24 hours, 2,451.8   
  for the age of 48 hours, 2,867.2     for the age of 72 

hours and 3,118.3     for the age of 120 hours. As shown 

in Figure 6, the pulse velocity increased rapidly from the age 

of 16 hours to 72 hours and then increased slowly until the 

age of 120 hours.  
 

 
Fig. 6: Ultrasonic pulse velocity by age of specimen(30MPa) 

The compressive strength of the simulated concrete mem-

bers was 2.07 % of the design strength for the age of 16 

hours, 2.07 % of the design strength for the age of 20 hours, 

3.73 % of the design strength for the age of 24 hours, 13.07 % 

of the design strength for the age of 48 hours, 30.67 % of the 

design strength for the age of 72 hours and 69.70 % of the 

design strength for the age of 120 hours. As shown in Figure 

7, the compressive strength increased according to the age. 

 
Fig. 7: Compressive strength by age of specimen(30MPa) 

 
Fig. 8: Correlation of ultrasonic pulse velocity and compressive strength 

                                                                          

(6) 

The relationship between the ultrasonic pulse velocity ac-

quired through the nondestructive test and the compressive 

strength of the 30 specimens of 6 different ages is illustrated 

in Figure 8. Eq. (6) was derived by performing regression 

analysis of the relationship between the ultrasonic pulse 

velocity and compressive strength based on the acquired 

data. The ultrasonic pulse velocity and compressive strength 

have a non-linear correlation, where the compressive 

strength increases non-linearly according to increase of the 

velocity. This is because the development rate of the ultra-

sonic pulse is faster than the curing rate of the compressive 

strength. The early age compressive strength can be esti-

mated at a site with the concrete design strength of 30 MPa 

by using this equation. 

 

 
Fig. 9: Ultrasonic pulse velocity by age of specimen(40MPa) 

Among the experimental results for the specimen with the 

design strength of 40 MPa, 

the ultrasonic pulse velocity 

was 96.4     for the age of 

16 hours, 96.0     for the 
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age of 20 hours, 1,570.9     for the age of 24 hours, 

2,543.5     for the age of 48 hours, 2,952.5     for the age 

of 72 hours and 3,157.6     for the age of 120 hours. As 

shown in Figure 9, the pulse velocity increased rapidly from 

the age of 16 hours to 72 hours and then increased slowly 

until the age of 120 hours. 
 

 
Fig. 10: Compressive strength by age of specimen(40MPa) 

The compressive strength of the simulated concrete mem-

bers was 1.55 % of the design strength for the age of 16 

hours, 1.55 % of the design strength for the age of 20 hours, 

2.80 % of the design strength for the age of 24 hours, 16.05 % 

of the design strength for the age of 48 hours, 38.33 % of the 

design strength for the age of 72 hours and 69.43 % of the 

design strength for the age of 120 hours. As shown in Figure 

10, the compressive strength increased according to the age. 
 

 
Fig. 11: Correlation of ultrasonic pulse velocity and compressive strength 

                                                                          
(7) 

The relationship between the ultrasonic pulse velocity ac-

quired through the nondestructive test and the compressive 

strength of the 30 specimens of 6 different ages is illustrated 

in Figure 11. Eq. (7) was derived by performing regression 

analysis of the relationship between the ultrasonic pulse 

velocity and compressive strength based on the acquired 

data. The ultrasonic pulse velocity and compressive strength 

have a non-linear correlation, where the compressive 

strength increases non-linearly according to increase of the 

velocity. This is because the development rate of the ultra-

sonic pulse is faster than the curing rate of the compressive 

strength. The early age compressive strength can be esti-

mated at a site with the concrete design strength of 30 MPa 

by using this equation.  

6.2. Estimation of size of concrete column 

This experiment was carried out as a part of the experimen-

tal study to confirm the possibility of quality control through 

the early age thickness measurement on the concrete column 

members. After removing the mold at the age of 120 hours 

at a random point on the column members, the concrete col-

umn thickness estimation experiment was done using the 

impact echo method at the age of 144 hours. The thickness 

was measured 10 times at different position of the members 

to find the mean value, and the mean error rate of each col-

umn member was found as well. The results of this estima-

tion experiment are presented in Table 2 through Table 4. 

According to the results for the column members with the 

design strength of 24 MPa, the error rate was 3.5 % for the 

250 mm column member, 1.1 % for the 300 mm column 

member, 3.1 % for the 400 mm column member, 0.6 % for 

the 500 mm column member, and 2.1 % for the mean as 

shown in Table 2.  

For the column members with the design strength of 30 MPa, 

the error rate was 1.5 % for the 250 mm column member, 

1.8 % for the 300 mm column member, 3.3 % for the 400 

mm column member, 7.0 % for the 500 mm column mem-

ber and 3.4 % for the mean as shown in Table 3. 

For the column members with the design strength of 40 MPa, 

the error rate was 3.0 % for the 250 mm column member, 

1.4 % for the 300mm column member, 4.0 % for the 400 

mm column member, 4.2 % for the 500 mm column mem-

ber and 3.2 % for the mean as shown in Table 4. The overall 

error rate for all column members of each strength and size 

was 2.9 %. The possibility of quality control through the 

measurement of the early age column member thickness 

using the nondestructive test methods was confirmed. 
Table 2: Experiment results (24MPa) 

Size 
(mm) 

Designed strength 24 MPa 

250×250 

1) Measured size [mm] 249 × 248 

2) Ultrasonic pulse velocity [m/s] 2,848.0 

3) Estimated size [mm]  
Average Error ratio 

239.9 3.5% 

300×300 

1) Measured size [mm] 299 × 297 

2) Ultrasonic pulse velocity [m/s] 2883.0 

3) Estimated size [mm]  
Average Error ratio 

301.3 1.1% 

400×400 

1) Measured size [mm] 390 × 395 

2) Ultrasonic pulse velocity [m/s] 2,848.0 

3) Estimated size [mm]  
Average Error ratio 

404.6 3.1% 

500×500 

1) Measured size [mm] 495 × 498 

2) Ultrasonic pulse velocity [m/s] 2,848.0 

3) Estimated size [mm]  
Average Error ratio 

499.3 0.6% 

Table 3: Experiment results (30MPa) 

Size 

(mm) 
Designed strength 30 MPa 

250×250 

1) Measured size [mm] 249 × 250 

2) Ultrasonic pulse velocity [m/s] 2,937.0  

3) Estimated size [mm]  
Average Error ratio 

253.2 1.5% 

300×300 

1) Measured size [mm] 300 × 296 

2) Ultrasonic pulse velocity [m/s] 2990.4 

3) Estimated size [mm]  
Average Error ratio 

303.4 1.8% 

400×400 
1) Measured size [mm] 398 × 400 

2) Ultrasonic pulse velocity [m/s] 2,949.0 
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3) Estimated size [mm]  
Average Error ratio 

412.0 3.3% 

500×500 

1) Measured size [mm] 488 × 498 

2) Ultrasonic pulse velocity [m/s] 3,026.0 

3) Estimated size [mm]  
Average Error ratio 

527.7 7.0% 

 
Table 4: Experiment results (40MPa) 

 

Size 

(mm) 
Designed strength 40 MPa 

250×250 

1) Measured size [mm] 247 × 251 

2) Ultrasonic pulse velocity [m/s] 3,115  

3) Estimated size [mm]  
Average Error ratio 

256.5 3.0% 

300×300 

1) Measured size [mm] 301 × 297 

2) Ultrasonic pulse velocity [m/s] 3097.2 

3) Estimated size [mm]  
Average Error ratio 

303.4 1.4% 

400×400 

1) Measured size [mm] 400 × 398 

2) Ultrasonic pulse velocity [m/s] 2,990  

3) Estimated size [mm]  
Average Error ratio 

415.0 4.0% 

500×500 

1) Measured size [mm] 485 × 499 

2) Ultrasonic pulse velocity [m/s] 3,026  

3) Estimated size [mm]  
Average Error ratio 

512.9 4.2% 

 
 

VII. CONCLUSION  

The purpose of this study is to estimate the early age com-

pressive strength of concrete members and the thickness of 

concrete column members using the ultrasonic pulse veloci-

ty method and impact echo method among nondestructive 

test methods. A nondestructive experiment was conducted 

by making 6 furniture-type specimens comprised of columns 

of different thickness and size and 90 specimens of 6 age 

variables. The experimental results can be summarized as 

below. 

The ultrasonic pulse velocity of the samples with the design 

strength of 24, 30 and 40 MPa was increased rapidly from 

the age of 16 hours to 72 hours and then increased slowly 

until the age of 120 hours. The mean compressive strength 

was 2.1 % of the design strength for the age of 16 hours, 2.3 % 

for the age of 20 hours, 3.5 % for the age of 24 hours, 13.6% 

for the age of 48 hours, 31.4% for the age of 72 hours and 

64.7% for the age of 120 hours. These results verified that 

the early age compressive strength of concrete can be esti-

mated using the nondestructive test methods. Based on the 

size of the concrete column members estimated using the 

impact echo method, the error rate was 2.1 %, 3.4 % and 

3.2 % for each design strength. The overall error rate for all 

column members of each strength and size was 2.9 %. The 

possibility of quality control through the estimation of the 

early age member thickness using the nondestructive test 

methods was confirmed. 

The possibility of using the early age compressive strength 

and size of the concrete members as a quality control tech-

nique was confirmed based on the correlation between the 

compressive strength and pulse velocity in the ultrasonic 

pulse velocity method and impact echo method.  
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