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Abstrak 

Kertas kerja ini menerangkan kaedah gabungan UTMr bagi menentukan kualiti konkrit.  Granit 
dan hematite hancur tempatan digunakan sebagai agregat kasar.  Pasir lombong dan pasir sungai 
digunakan sebagai agregat halus.  Tujuannya ialah untuk menghasilkan konkrit berbagai 
campuran yang menghasilkan ketumpatan dan kekuatan yang berbagai.  Sampel konkrit 
berbentuk kubus 150m dan blok salingkunci disediakan dengan mengubah nisbah bancuhan, 
nisbah air/simen dan jenis agregat.  Ketumpatan, bilangan lantunan dan halaju gelombang denyut 
ultrasonic diambil sebelum sampel (kubus) dimusnahkan untuk mendapatkan nilai kekuatan 
mampatan. Keputusan pengukuran diterang dan dibincangkan. 

 

Abstract 

This paper described the results of combining Non-destructive measurements on concrete. Local 
crushed granite and hematite were used as coarse aggregates; mining sand and river sand were 
used as fine aggregates to produce various density and strength of concrete. Concrete samples 
(150mm cubes and interlocked blocks) were prepared by changing mix ratio, water to cement 
ratio (w/c) and types of aggregates.  Density, rebound number(N) and ultrasonic pulse velocity 
(UPV) of the samples were taken before compressed to failure. The measurement results are 
explained and discussed. 
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INTRODUCTION 

 
The use of NDT in inspecting concrete is not as common as in the metallic construction. This 
may be due to lack of demand or no specific requirement by code or standard from the related 
sectors as compared to metallic construction. However, research and development activities in 
various NDT methods indicate that NDT has a great potential to be applied on concrete 
structures.  Most materials in buildings, bridges, dam, tunnels, etc. are made of concrete. This 
construction requires concrete of high quality in terms of strength and durability. NDT has the 
ability to determine the strength and durability of critical construction without damaging them 
and the test can be carried out on-site. 
 
Ultrasonic method has been used to estimate strength, elastic modulus, slab thickness, crack 
depth, and to detect voids, lamination and bar location [National Seminar on NDE of concrete, 
1991]. It is recognized as the only NDT method available at this time, which is capable of 
determining the crack depth to a certain degree of reliability.  The technique was also used to 
monitor the mixing materials during construction [Elvery, 1976], determine the concrete 
uniformity [Tomsett, 1980], thickness measurement and to estimate the depth of damage caused 
by fire [Tomsett, 1980]. 
 
Rebound hammer have been used to estimate strength or surface hardness of the concrete [Pauzi, 
1996]. At the moment the only available NDT method for measuring density is by gamma 
backscatter [Adil, 1977] 
 
The research is carried out to combine UPV and rebound hammer to estimate the concrete 
density and strength. 
 
Principle of combined method 
According to Facaoaru et. al 1969 and Skramtaev & Leschinsky 1966 (as mentioned by Popovics 
1986) the accuracy of the nondestructive determination of concrete strength may be improved by 
performing two or more different tests at the same time on the same specimen, or on the same 
location of a structure, and estimating the concrete strength from a suitable combination of the 
results. The mathematical basis of this premise is that the accuracy of an approximation with one 
variable (simple correlation) can usually be improved by the introduction of a suitable second 
independent variable (multiple correlations).  It is recommended by Pohl for the selection of 
nondestructive test methods for combination should measure different characteristic of the 
concrete. For instance, if the result of one of the method is influenced primarily by the elastic 
properties of the concrete, a suitable supplementary method could be another test that is 
controlled primarily by plastic properties.   
 
Pulse Velocity and rebound hammer 
This is the most popular combination method for estimating of the in-situ strength.  That is 
ultrasonic pulse velocity measurements are made on the concrete specimen or on in-situ 
concrete, and the rebound hammer is measured for instance, by the Schmidt hammer.  The two 
measurements then are substituted into an empirical formula obtained by multiple regression 



analysis to estimate the compressive strength.  As an example, Pohl quotes Slachta in connection 
with good paving concrete as follows: 
 

K = 0.022R1.44v2.63 

where K in kg/cm2, v in km/s and R in scale reading.  The accuracy of this equation is reported 

as  25% 

METHODOLOGY  
 
Sample Preparation 
 
The concrete with different density and strength were prepared based on JKR and DoE methods. 
The block sizes are 150mm x 150mm x 150mm and several interlocked blocks for density 
estimation.  The workability is medium.  The samples were cured by immersion into water for 
various days.  The samples were tested at various ages. 
 
 
Test Procedures 
 
UPV is measured using Ultrasonic Pulse Velocity meter with the probe frequency of 50 kHz. 
The direct transmission technique was used to determine UPV in concrete. Grease was used as a 
couplant between the transducer and concrete surface. The procedure is based on MS EN 12504-
4: 2013. Rebound hammer test were conducted as described in MS EN 12504-2: 2013. The 
density was calculated from measured weight and volume.  The volume was determined by 
water displacement method. All samples were finally compressed to failure using a calibrated 
compression machine to obtain concrete compressive strength. 
 
 

RESULTS AND DISCUSSION  
 

Combined NDT for strength estimation 
Figures 1 and 2 shows the multiple correlations between UPV, N and concrete strength for 
concrete with granite and hematite aggregates, respectively. It is found that N and UPV are 
increased as the strength increases.  
 
Data in Fig. 1 was obtained from concrete samples with mix design based on the DoE methods. 
The strength variation obtained by changing water/cement and age of concrete. While data in 
Fig. 2 are from hematite samples based on JKR mix design. The design is aimed to obtain high 
density with medium strength. 
 
Both figures produce a good correlation between NDT and concrete strength.  However the 
correlation patterns are different.  



 
 

Fig.1: N versus UPV at different concrete strength (granite).  

 
Fig.2: N versus UPV at different concrete strength (hematite) 

  



 
Combined NDT for density estimation 
Both Figs. 3 and 4 show that rebound number increase proportionally with pulse velocity.  The 
sound velocity does not significant change with the density variation.  Rebound number reduces 
as density is increased for granite concrete.  However, it is reversed effect for the hematite 
concrete. 
 
In theory sound velocity is a function of elastic modulus and density. It seems that density has 
little effect on the sound velocity.  If there are two concretes of the same density but different 
sound velocity, the one with high velocity is better quality possibly in term of durability.   
 

 
 

Fig.3: N versus UPV at different concrete density (granite) 
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Fig.2: N versus UPV at different concrete density (hematite) 

 
CONCLUSION 

Combined UPV and rebound hammer produces better estimation of concrete strength and 
density.  Although rebound number shows a better correlation but it is only measure surface 
properties which are changing by the age due to carbonation effect. 
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