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Abstract 

 

Concrete is most widely used as a building material. It 

is very important to know that the concrete 

compressive strength was influenced by many factors 

such as the aggregate type and size, cement type, 

humidity and water/cement ratio. Although the 

characteristic strength of the concrete has reached 99% 

in 28 days of curing time, still concrete continues to 

gain strength over long period since the hydration 

process is not confined up to this certain period which 

is long-lasting process. In this study an attempt was 

done to determine the variations of ultrasonic pulse 

velocity (UPV), uniaxial compressive strength (UCS) 

and water content (ω) of concrete cubes after a 28 day 

cure period. The concrete cubes for mix design CEM I 

42, 5 R grade cement were tested. A clear relationship 

was found between (UCS) and (ω) with (UPV) over 

the 12 week period. (UCS), (UPV) and (ω) of concrete 

increase rapidly in the initial 6 weeks after curing 

period and then reach about a constant value.  
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Introduction  

 

Compressive strength is a significant aspect in 

deciding its load carrying capacity used by the 

engineers in designing buildings and constructions. 

The compressive strength is affected by its age as well 

as aggregate type and size, cement type, humidity and 

water/cement ratio.  Different methods have been 

offered to predict the concrete strength with age. 

Baykof and Sigalov (1984) compared the proportion of 

strength of concrete specimens stored in wet and dry 

conditions and determined that there was no increase 

in concrete strength of those stored in a wet condition 

(at 15°C). Washa and Wendt (1975) predicted the 

concrete strength of the concrete specimens with the 

age stored in particular conditions and determine a 

precious result. Washa and Wendt (1989) studied the 

concrete compressive strength of C2S content stored 

outdoors for 50 years. Gregor (1983) determined an 

equation between compressive strength and age using 

the same study of (Gregor (1983); Washa and Wendt 

(1989); Ramezanianpour and Malhotra (1995)) 

indicated that concrete cannot gain the required 

properties at desired level, if it is not well cured 

especially at the early age.  Özer and Özkul (2004) 

indicated that the curing conditions affect the strength 

of Pollozona Portland cement concretes. Mamlouk and 

Zaniewski (2006) indicated that the concrete reaches 

about 60% of its strength after curing three days. It 

reaches 80% of the strength if it is cured seven days. 

Yi et al., (2003) observed the compressive stress-strain 

curve on which the effect of five different strength 

levels and various ages from 12h to 28 days 

experimentally and analytically. Gonnerman and 

Schman (1928) tested 1760  

6-inch cylinders and 7x10x38-inch plain concrete 

beams with average compressive strength changing 

from 200 to 9200-psi. They determined the 

relationship between compressive strength and age if 

concrete stored in air, 7 and 28 days moist curing and 

moist cored entire time. Burg (1996) determined 
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relation between the compressive strength and age of 

concrete on different casting/curing temperatures. 

Many authors (Pessiki and Carino (1988); Arıoğlu et 

al., (1994); Kheder (1999); Uyanık et al., (2011)) have 

determined the concrete quality using ultrasonic pulse 

technique. Some authors  

(Elvery and İbrahim (1976); Chang and Lien (2008); 

BSI) measured the concrete strength at early ages using 

nondestructive technique. The water content of 

concrete is of significant importance on strength and 

durability of the concrete and effect on concrete 

ultrasonic pulse velocity (UPV). Kolias and Georgiou 

(2005) reported that the effect of water content by 

volume on strength is stranger for lower water/cement 

ratios. A great deal of recent studies indicated that 

UPV in moisture-saturated concrete is higher than that 

in dry material. The effect of moisture saturation rates 

is defined within a wide range (Jones, (1953); Ohdaira 

and Masuzawa (2000); Hellier (2003); Malhotra and 

Carino (2004); Fadragas and Gonzalez (2011)). Rollet 

et al., (2008) determined a linear correlation between 

UPV and moisture content. Some other authors 

reported exponential correlation (Dzenis and Lapsa 

(1972); Ohdaira and Masuzawa (2000); Alimov 

(2007); Fadragas and Gonzalez (2011)). UPV testing 

of concrete is based on measuring of the travel time of 

ultrasonic pulse passing through the concrete being 

tested and is successfully used to provide information 

on the quality of concrete in terms of uniformity and 

integrity. Ultrasonic measurements and results on 

hardening concrete have been reported since 1994 

Grosse and Reinhardt (1994). UPV testing on concrete 

has been reported by many authors (Jones (1962); 

Carino (1984); Popovics et al., (1990); Dennis et al., 

(1993); Hassan et al., (1995); Komlos et al., (1996); 

Reinfardt et al., (2000); Mirmiran and Wei (2001); 

Subramainam et al., (2002); Kolluru et al., (2002); Lin 

et al., (2003);Akkaya et al., (2003); Voigt et al., (2006); 

Lin et al., (2007)).  

 

The main purpose of this study is to provide 

correlations among the ultrasonic pulse velocity, 

uniaxial compressive strength and water content of 

C35 type concrete later 28 days of its saturation period. 

For this aim UPV measurement, UCS and water 

content tests were conducted within the period of 12 

weeks later its curing period to determine relationships 

between these properties.  

MATERIALS AND METHODOLOGY 

 

A. Materials 

 
C35 concrete contains OPC grade, CEM I 42,5 R grade 

(ultratech cement) and fine sand passing through 4.75 

mm sieve having specific gravity between 2.5 and 

2.66. The size of the coarse aggregate used according 

to IS 383-1970 standard in concrete making is 

maximum 20 mm and its specific gravity is between 

2.69 and 2.68 g/cm3. Sikament MB-1 was used as 

additive. Regular clean drinkable water free from 

suspended particles and chemicals was added for 

mixing of the concrete. C35 Concrete mixing ratios are 

given in Table 1. 

 

Table 1. C35 class mix concrete weights 

Mixtures Weight (kg/m3) 

Cement 424 

Water 161 

Sand-1 658 

Sand-2 90 

Course aggregate-1 637 

Course aggregate-2 424 

Additive 6.355 

Total 2390 

 

B. Methodology 

 

Experimental Procedure  

 

12 concrete cube specimens size 150x150x150 mm in 

dimension as shown Fig.1 were used to figure out the 

effect of variation of age on compressive strength, 

ultrasonic pulse velocity and water content. The steel 

cube mold was used to cast the cubes during molding. 

The cubes were mechanically vibrated. The fresh cast 

specimens were stored in the molds for 24 hours before 

being de-molded and submerged in water tank for 

curing 28 days at 15-18°C. After 28 days concrete 

specimens were removed from water and wiped and 

clean.  The cubic specimens were kept at room 

temperature in the laboratory. The testing procedure 

was started immediately after the end of the curing 

process. Each specimen was tested every week 

individually and its ultrasonic pulse velocity, uniaxial 
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compressive strength and water content values were 

determined in our Construction Geophysics 

Laboratory in room temperature. 

 

 
Fig. 1.  Cubic concrete specimens. 

 

Nondestructive Testing 

  

The main purpose of conducting ultrasonic Pulse 

Velocity (UPV) testing as a nondestructive technique, 

ASTM C 597 (2009), is the correlation of ultrasonic 

pulse velocity with the age of concrete under study. 

UPV measurements were conducted by using DT 

Quist-120t ultrasonic pulse generator instrument with 

piezoelectric transducers of natural resonance 

frequency of 54 kHz in accordance with the ASTM C 

597 (2009). UPV was determined by direct 

transmission, where the transmitter and the receiver 

transducers are placed directly opposite each other on 

parallel surfaces. The parallel surfaces of the cubic 

concrete specimens were polished and covered with 

stiffer grease to accomplish a good coupling (Fig. 2). 

Ultrasonic pulse velocity as a function of age after 

curing is given in Fig. 3. In the figure, ultrasonic pulse 

velocity increases relatively rapidly for period up to 6 

weeks and then exhibits a relatively stable region. The 

progress of the ultrasonic pulse velocity follows the 

same model as already presented (Van der Winden 

(1990); Grosse and Reinhardt (1994); Reinhardt and 

Grosse (1996)). 

 

 

 

 
Fig. 2. Ultrasonic pulse velocity testing of cubic 

concrete specimes. 

 

 
Fig. 3. Experimental data points for the variation of 

ultrasonic pulse velocity versus time for water and 

cement ratio ω /c=0.38. 

 

Uniaxial Compressive Strength Test (UCS) 

 

Uniaxial compressive strength (UCS) test was 

performed separately for each cubic concrete specimen 

in consecutive weeks. For the compression test the 

cubic specimens were placed in the hydraulic testing 

machine of 150 kN capacity in such a manner that the 

load was applied on the forces perpendicular to the 

direction of the molding (Fig.4). The result is plotted 

as shown in Fig.5. 
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Fig. 4. The cubic concrete specimen in the testing 

machine. 

 

 
Fig. 5. Experimental data points for the variation of 

uniaxial compressive strength versus time for    water 

and cement ratio ω /c=0.38. 

 

As seen in the figure, uniaxial compressive strength 

increases exponentially until the 6th week and then 

continues almost linearly. 

 

Determination of Water Content (w) 

 

In order to determine the water content of each 

concrete specimen, a constant amount of mass is taken 

from the specimen and is weighed (Ms) and then is 

dried at a temperature of 105°C. After that the mass 

allowed to cool 30 min in a dessicator. The oven-dry 

mass is measured (Md). Water content (ω) of the 

specimen is calculated using the following equation. 

ω=(M_s-M_d)/M_d  x100 

The sharpest decrease in the water content has been 

observed for 6 weeks (Fig. 6) after that it shows a very 

slight decrease. Fig.7 shows the linear correlation with 

the correlation coefficient of R2= 0.96 between 

ultrasonic pulse velocity and uniaxial compressive 

strength. The UCS increases directly as the UPV 

increases. Water content decreases linearly with 

increasing ultrasonic pulse velocity and uniaxial 

compressive strength (Figs. 8 and 9). Linear model was 

chosen with higher regression coefficient value for ω 

and UPV (R2=0.94) and for ω and UCS with the 

simple formula. Table 2 summarizes the suggested 

models and the corresponding R2 values. These 

proposed models can be used to estimate the 

approximate compressive strength and water content 

for the concrete over a 12 week period after cured 28 

days using its measured ultrasonic pulse velocity 

value. 

 

 
Fig. 6. Experimental data points for the variation of 

water content versus time for water and cement ratio 

ω /c=0.38. 

 

 
Fig. 7. Correlation between uniaxial compressive 

strength and ultrasonic pulse velocity 
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Fig. 8. Correlation between water content and 

ultrasonic pulse velocity 

 

 
Fig.9. Correlation between water content and uniaxial 

compressive strength 

 

Table 2. Suggested models for correlations between 

uniaxial compressive strength and ultrasonic pulse 

velocity, water content and ultrasonic pulse velocity 

and water content uniaxial compressive strength of the 

concrete over a 12 period range after cured 28 days 

Relation Correlation equation R2 

UCS-

UPV 

UCS-14.975(UPV)-

24.724 

0.96 

ω -UPV ω =-3.101(UPV)+17.793 0.94 

ω -UCS ω =-4.6171(UCS)+60.445 0.94 
 

Discussion 

  

The experimental data determined in is this study are 

intended to address the relationships among UPV, 

UCS and ω of concrete along with age are discussed. 

For 12 cubes were cast using C35 grade concrete and 

cured for 28 days. The ultrasonic pulse velocity as a 

function of age during the first 12 weeks is shown in 

Fig. 3. During the 6 weeks relatively rapid increase in 

the pulse velocity were observed. The time that the 

ultrasonic pulse velocity to reach about a constant 

value varies between 6th and 12th weeks. Similar 

studies were performed by various authors for curing 

age or very early ages. Tavossi et al., (1999) conducted 

UPV measurements with time for 48 hours in white 

cement paste for water to cement ratios of 30%, 40%, 

50%, and 60% and reported a rapid increase in UPC 

values within 16 hours and then gradual increase 

between 16 and 48 hours.  This result is consistent with 

our 48-hour outcome as indicated in Fig.3. However, 

since the authors did not continue the tests for a longer 

period of time, the comparison was not possible. 

Keating et al., (1989) indicated that the pulse velocity 

increased relatively rapidly for period up to about four 

hours and then at a progressively slower rate of 

increase for the time period until 24 hours. This result 

obtained in the 24 hour period is similar to the results 

we found in the same period (Fig. 3). Ye et al., (2001) 

reported that UPV increases rapidly for the concrete of 

the ω/c= 0.4, 0.45, 0.55 for period up to about 20 hours 

in curing age and then shown an increase gradually 

over a period between 20 hours and 180 hours which 

is consistent with our result determined for the ratio of 

w/c=0.38 (Fig.8).  Albanoa et al., (2005) reported that 

UPV increases rapidly between the period about 

between 90 hours to 150 curing hours for the concrete-

rubber mixes without coupling agent and shows a 

gradual increase up to 700 hours. These results 

obtained for concrete rubber are similar to those of our 

C-35 grade concrete. Mohammed et al., (2011) 

determined similar result with rubber concrete. Guang 

et al., (2001) found rapid increase in UPV over the 

curing period up to 15 hours and then at about constant 

rate until 180 hours for different curing temperature 

and w/c ratios. In our study, a very rapid increase in 

velocity was found in the first 5 weeks which complies 

with their work.   

The uniaxial compressive strength of the same 

concrete cubes was tested individually as a function of 

age during the first 12 weeks after their UPV tests. 

Experimental results indicated that the UCS values 

start to increase rapidly during 6 weeks from 34.5 MPa 

to 44.68 MPa and then at a steady rate of increase in 

strength for the rest of the period up to 12th week. 

Kaszanyi (1989) determined an almost linear 

relationship between cube strength and age of light 

weight concrete over the period up to 90 days. 

However, we determined linear relationship with the 

correlation coefficient of R2=0.96.  Shah and Patil 

(2015) conducted compressive strength test on 

concrete cubes over the curing period up to 28 days and 

found a linear relationship that supports our results. 
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Metwally (2014) determined a linear relationship 

between the compressive strength and age of the 

concrete mix as we found. 

A linear relationship was determined between UCS 

and UPV of the concrete cubes over a 12 week period 

with the correlation coefficient of R2=0.96. Similar 

relationships were found by Naik et al., (2004), and 

Kurtulus and Bozkurt (2011). Chang  and Lien (2008); 

Trtnik et al., (2009); Panzera et al., (2011) and Yılmaz 

and Erçıkdı (2015) determined exponential 

relationships between UCS and UPV.  

The water content decreases gradually over the period 

for 6 weeks and then shows very slight decreases up to 

12th week. The effect of water content on UPV was 

examined and found a linear relationship between 

water content and UPV which shows how the 

variations of water content affect the UPV. Water 

content decreases with increasing UPV. Philippidisa 

and Aggeleis (2003)  found a similar relationship 

between the velocity and w/c ratio for the mortar. A 

linear relationship between water content and UCS 

was found with the correlation coefficient of 

(R2=0.93) which indicates that UPV tests are sensitive 

tools to analyze the variations in UCS. Gilkey (1961) 

and Neville (1996) conducted compressive tests on 

specimens of different ω/c ratios and found 

exponential relationships between these parameters. 

  

Conclusion 

 

The aim of this study is to examine the variations of 

ultrasonic pulse velocity, uniaxial compressive 

strength and water content of concrete by age. 

Measurements were performed on 12 C35 degree 

concrete cube specimens. Each of the 12 concrete cube 

specimens saturated in the standard conditions for 28 

days and afterwards subjected to ultrasonic pulse 

measurement by using direct transmission as well as 

uniaxial compressive strength and moisture tests 

individually each successive week.  

A linear relationship was determined between UCS 

and UPV, ω and UPV and ω and UCS of the concrete 

cubes whereas UCS increases as UPV increases and ω 

decreases as UPV and UPV increase over a 12 week 

period later on curing period of 28 days.  

Table 2 summarizes the proposed correlation 

equations. These equations can be used to estimate the 

approximate concrete compressive strength and water 

content using their ultrasonic pulse velocity. 

From the above findings we can conclude that the UPS 

and UCS values of concrete cubes cured 28 days reach 

their almost constant  values after 6 weeks whereas 

water content of the concrete decreases gradually over 

the period for 6 weeks and then shows very slight 

decreases up to 12th week. The proposed correlation 

equations given in this study can be used to estimate 

the approximate concrete compressive strength and 

water content from ultrasonic pulse velocity. 

Since this study is conducted in longer period (12 

weeks) than other studies, it has completed the missing 

parts of the other studies in order to show how the 

concrete has become stationary in a long period of time 

considering the velocity, compressive strength and 

water content. 
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