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This paper reports the results of the study conducted to evaluate the influence of natural zeolite (NZ) 
and blast furnace slag (BFS) and both NZ + BFS on the ultrasonic pulse velocity (UPV), compressive 
strength, flexure strength and density of self-compacting concrete (SCC). In addition, the relationship 
between UPV and compressive strength was evaluated. NZ, BFS and both NZ+BFS were used as the 
mineral admixtures in replacement of Portland cement. It was possible to produce SCC using 10%NZ, 
10%, 20%, 30% BFS and 10% NZ+20% BFS with a slump flow in the range of 500 to 700 mm. 
Compressive strength, flexure strength and UPV were determined at 3, 7, 28 and 90-day. Finally, it was 
observed that the specimens (with 10% BFS) for 90-day had the highest compressive strength and UPV. 
It was observed that the specimens (with 20% BFS) for 90-day had the highest flexure strength. The 
relationship between UPV and compressive strength was exponential for NZ, BFS and NZ+BFS. The 
relationship between flexure strength and compressive strength was logarithmic for NZ, BFS and 
NZ+BFS. However, the constants in the models were different for each mineral admixture and each level 
replacement of PC. 
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INTRODUCTION 
 
Concrete is a multiphase, exceedingly complex 
heterogeneous material and one of the principal materials 
for structures. However, the heterogeneous structure of 
concrete results to some undesirable effects. The 
heterogeneity and properties of concrete is mostly 
concerned with the hydration. Hydration, the chemical 
reaction between water and ingredients of cement is one 
of the most important properties of its strength gain 
process. This property of hydration caused a change in 
volume of hydrated cement, varying hydration rate 
through the concrete and time dependency of strength 
gain. One of the main reasons of strength gain is the 
mechanical properties of concrete. The mechanical 
properties of cement based materials is needed by 
designers for stiffness and deflections evaluation and is a 
fundamental property required for the proper modeling of 
its constitutive behavior and for its proper use in various 
structural applications. For this reason, determination of 
mechanical   properties   of   concrete  has  become  very  
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important from a design point of view. But, due to the 
economic considerations, there is strong demand on 
natural resource usage. Moreover, when weights of the 
structures are considered, not only natural light weight 
aggregates, but also, artificial light materials like gas 
concrete are used. Incorporation of natural/artificial 
resources in concrete leads to environmental, economic 
and/or technological benefits (Gül et al., 2007; Aydin et 
al., 2007; Aydin, 2007a; Aydin and Gül, 2007; Aydin et 
al., 2006; Düzgün et al., 2005; Tortum et al., 2005; Oguz 
and Aydin, 2003; Hasar et al., 2010; Hasar et al., 2009; 
Aydin et al., 2009; Aydin et al., 2008; Aydin, 2007b; Aydin 
et al., 2010).  

Use of self-compacting concretes (SCC) lowered the 
noise level on the construction site and diminished the 
effect on the environment (Persson, 2001) and has 
improved the quality of concrete in situ (Xie et al., 2002). 
SCC is a new category of high-performance concrete 
(HPC), characterized by its ability to spread into place 
under its own weight without the need of vibration, and 
self-compact without any segregation and blocking. The 
introduction of SCC represents a major technological 
advance,   which   leads   to   a  better quality of  concrete   
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produced and  a  faster  and  more  economical  concrete 
construction process (Sonebi, 2004). The use of SCC in 
civil engineering has gradually increased over the past 
few years, as reported by Persson (2001), Xie et al. 
(2002), Sonebi (2004), Sari et al. (1999), Persson (2003), 
Poon and Ho (2004), Lachemi et al. (2004), Jooss et al. 
(2002), Sahmaran et al. (2005), Nagataki and Fujiwara 
(1994) and Khayat (1999). 

Zeolite is also used as a mineral admixture to produce 
high performance concrete in China. Natural zeolite (NZ) 
contains large quantities of reactive SiO2 and Al2O3. 
Similar to other pozzolanic materials such as silica fume 
and fly ash, zeolite substitution can improve the strength 
of concrete by the pozzolanic reaction with Ca(OH)2. In 
general, NZ, like other pozzolanic materials, contributes 
to the strength of concrete better than of strength of 
cement (Canpolat et al., 2004).  

NZ also prevents the undesirable expansion due to 
alkali–aggregate reaction (Canpolat et al., 2004; Poon et 
al., 1999). According to Feng et al. (1998), partial 
replacement of cement by zeolite can improve the 
properties of concrete, by increasing concrete strength 
and preventing undesirable expansion due to alkali 
aggregate reactions. A number of research studies have 
been carried out on zeolite concrete (Canpolat et al., 
2004; Poon et al., 1999; Feng et al., 1998; Feng and 
Peng, 2005; Sammy et al., 1999; Ding, 1999), including 
studies on the mechanical and microstructural properties 
and strengthening mechanism of zeolite on the blended 
concrete.  

The ultrasonic method (Liang and Wu, 2002; Malhotra, 
1984; Filipczynski et al., 1966; Krautkramer and 
Krautkramer, 1983) is one of the nondestructive testing 
techniques and is frequently adopted for evaluating the 
quality of in situ concrete structures. Ultrasonic non-
destructive testing (NDT) technique is frequently used to 
estimate the quality of concrete. This method is typically 
based on the measurement of the propagation of velocity, 
which is closely related to mechanical properties and, 
more directly, to the modules of elasticity. Standard 
methods consider concrete as a homogeneous material 
(Krautkramer and Krautkramer, 1983). The measurement 
of the ultrasonic compressive wave velocity has been 
used for a long time to evaluate the setting and hardening 
of cementation systems (Krautkramer and Krautkramer, 
1983; Boumiz et al., 1996; Goueygou et al., 2002; 
Herdnandez et al., 2002; Jeong and Hsu, 1996; 
Herdnandez et al., 2000; Tan et al., 1996; Ay and Topçu, 
1995; Ould et al., 2002; Koehler et al., (1998) Elvery and 
Ibrahim, 1976; Sayers and Dahlin, 1993). 

Khayat (1999) reported that mineral admixture and fine 
filler content could improve the viscosity of SCC. 
Ta�demir et al. (1997) reported that blast furnace slag 
concretes tend to be weaker at early ages than ordinary 
Portland cement (PC) concretes, but at later ages, they 
may have the same or higher strength than the ordinary 
PC ones. Reeves (1986) has  shown  that  in  the  use  of  

 
 
 
 
blast furnace slag, the heat of hydration is generated 
more slowly than ordinary PC. Thus, the rate of gain of 
strength also increases gradual than that of ordinary PC 
(Orchard, 1979). 

Two approaches used in defining strength properties 
will be considered in this paper: The first is that the 
conventional destructive test methods enable the 
strength of the concrete to be measured by way of cores 
or cubes cut from the concrete. However, this is not 
possible in all cases and especially, not for slender 
members. Alternatively, complete structural members can 
be load-tested to failure but the extent of the damage to 
the structure is considerable. The second is the ultrasonic 
pulse velocity (UPV) technique, which is based on the 
ability to measure the propagation velocity of a pulse of 
vibration energy, which has passed through a concrete 
medium. Knowing the direct path length between the 
transducers and the time of travel, the pulse velocity 
through the concrete can be obtained (Uzal et al., 2003). 

The UPV method, also known as the transit time 
method, uses a detector to measure the time-of-flight it 
takes for an ultrasonic pulse to pass through a known 
thickness of solid material (Türkmen et al., 2003). The 
UPV can be written as: 
 

                                                              (1) 
 
where Vc (x, t) is the UPV in concrete, x is the propagated 
path length and t is the transit time. Based on the 
experimental results, Tharmaratram and Tan (1990) gave 
the relationship between UPV in a concrete Vc and 
concrete compressive strength fc' as: 
 
fc'=aebVc                                                                                            (2) 
 
 
RESEARCH SIGNIFICANCE  
 
There are many studies related to the effect of mineral 
admixtures on the mechanical properties of concrete, but 
the effect of NZ, BFS and both NZ+BFS on the 
relationship between ultrasonic pulse velocity and 
destructive method of SCC has not been reported 
previously. Thus, the effects of pozzolanic activity of NZ, 
BFS and both NZ+BFS admixtures on the mechanical 
properties of concrete, need to be investigated. Most 
authors, study ultrasonic pulse velocity (UPV) (Liang and 
Wu, 2002; Tharmaratnam and Tan, 1990; Ye et al., in 
press; Kenai and Bahar, 2002; Sahmaran et al., 2005). In 
this article, two different types of mineral admixtures are 
used, in combination, and the effect of mineral inclusion 
on the workability of SCC and normal concrete is also 
researched. Slump flow and slump tests are performed to 
assess workability. Moreover, the mechanical properties, 
namely the compressive strength, flexure strength and 
UPV  of   hardened   concretes   are   also  determined at  
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Table 1. Chemical analysis and physical properties of PC, NZ and BFS (%). 
 

Component PC (%) NZ (%) BFS (%) 
SiO2 20.06 65.72 39.56 
Fe2O3 3.6 1,19 0.33 
Al2O3 5.16 10,88 10.82 
CaO 62.43 1.43 37.68 
MgO 2.82 0.75 6.79 
SO3 2.32 0.07 0.33 
Sulphide (S-2) 0.17 - - 
Chlor (Cl-) 0.04 - 0.125 
Undetermined 1.05 - 3.99 
Free CaO 0.71 - - 
LOI 1.55 - - 
Specific gravity (g/cm3) 3.13 2.22 2.86 
Specific surface (cm2/g) 3600 6350 4000 

 
2 day 

 
24.5 

 
- 

 
- 

7 day 42.0 - 18 
Compressive strength (MPa) 

28 day 44.4 - - 
 
 
 
various ages. 
 
 
EXPERIMENTALLY STUDY 
 
ASTM Type I, PC, from A�kale cement Factory in Erzurum, Turkey, 
was used in this study. Superplasticizer-ViscoCrete 3080 (SP), NZ, 
BFS, and aggregate were obtained from Sika Company in �stanbul, 
Manisa Gördes, Iskenderun Iron-Steel Factory in Hatay-Iskenderun, 
and Aras River in Erzurum in Turkey, respectively. A SP based on 
chains of modified polycarboxylic ether was used, compatible with 
ASTM C 494 F at a dosage of 2% of cement. In order to eliminate 
the variation of aggregate and cement, each was taken from the 
same batch throughout the investigation. The chemical composition 
and physical properties of the materials used in this study are 
summarized in Table 1.  
 
 
First group 
 
Separately, NZ mixtures were prepared by adding 10, 20 and 30% 
NZ replacement for PC.  
 
 
Second group 
 
Separately, BFS mixtures were prepared by adding 10, 20 and 30% 
NZ replacement for PC. 
 
 
Third group 
 
Separately, 20% NZ+10% BFS or 10% NZ+10% BFS concrete 
mixtures were prepared in replacement for PC.  

For each mix, three specimens of 280 × 70 × 70 mm prisms and 
100 × 200 mm cylinders were prepared, and cured in lime saturated 
water at 20 ± 3°C during the test period. Cylinder specimens were 
tested for compressive strength in accordance with ASTM C 39 at 
3, 7, 28 and 90 days curing periods. For each  curing  period,  three 

specimens were used to determine compressive strength. Prism 
specimens were tested for flexure strength in accordance with 
ASTM C 78 at 3, 7, 28 and 90 days curing periods. For each curing 
period, three specimens were used to determine flexure strength. 
The ultrasonic pulse velocity (UPV) of the reference concrete and 
NZ-BFS-cement based concrete modified by SP were determined 
in accordance with ASTM C 597 at 3, 7, 28 and 90 days. The full 
details of these concrete mixes are given in Table 2. This test 
method covers the determination of the velocity of propagation of 
compressional waves in concrete. 

The workability methods used in this study are given and 
standardized by the SCC Committee of EFNARC (2002) and it 
measures the free and restricted deformability (slump flow) of an 
SCC mix. This test procedure is thus described. 

The slump flow is used to evaluate the horizontal free flow 
(deformability) of SCC in the absence of obstructions. The test 
method is very similar to the test method for determining the slump 
of concrete. The difference is that, instead of the loss in height, the 
diameter of the spread concrete is measured in two perpendicular 
directions and recorded as slump flow. The higher the slump flow, 
the greater the concrete’s ability to fill form works (Tan et al., 1996). 
During the slump flow test, the time required for the concrete to 
reach a diameter of 500 mm is also measured and recorded as t500 

and tend.  
 
 
RESULTS AND DISCUSSION 
 
The results obtained in the test are shown in Figures 1 - 7 
and Table 3. They are presented to some extent in 
graphical form in the figures and table, and are thus 
evaluated and discussed. 
 
 
Fresh concrete and workability 
 
The data on the slump flow test and slump test of specimens 
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Table 2. Mixture proportions. 
 

PC (%) NZ (%) BFS (%) NZ+BFS (%) 
Mixtures 

100 10 20 30 10 20 30 10 + 20 20 + 10 
w/c 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 
Water (kg/m3) 195 195 195 195 195 195 195 195 195 
Cement (kg/m3) 400 360 320 280 360 320 280 280 280 
Natural zeolite (kg/m3) - 40 80 120 - - - 40 80 
Blast furnace slag (kg/m3) - - - - 40 80 120 80 40 

 
0 – 4 kg/m3 

 
783 

 
783 

 
783 

 
783 

 
783 

 
783 

 
783 

 
783 

 
783 

4 – 8 kg/m3 418 418 418 418 418 418 418 418 418 

 
Aggregates 
sizes (mm) 

8 – 16 kg/m3 427 427 427 427 427 427 427 427 427 
Super plasticizer (%) 2 2 2 2 2 2 2 2 2 

 
 
 
made using NZ, BFS and NZ+BFS are given in Table 3. 
As it can be seen from Table 3, concretes  made with 20 
and 30% NZ shows that flow diameter is lower than 500 
mm. Nagataki and Fujiwara (1994) suggested a slump 
flow value ranging from 500 - 700 mm for a concrete to 
be SCC. At more than 700 mm, the concrete might 
segregate, and at less than 500 mm, the concrete might 
have insufficient flow to pass though highly congested 
reinforcement. Therefore, normal slump test on the 
concretes made with 20 and 30% NZ was measured. 
However, all other concrete specimens are self-
compacting concrete which shows that slump flow 
diameter is higher than 500 mm. Flow diameter values 
changed up to 600, 540, 600, 660, 700 and 560 mm for 0 
and 10% NZ, 10, 20 and 30% BFS and 10%NZ+20%BFS 
replacement of PC, respectively (Table 3). NZ reduced 
the workability of concrete specimens, while BFS 
increased workability of fresh concrete specimens. 
Khayat (1999) reported that an SCC often contains high-
volume replacements of fly ash or BFS enhanced fluidity 
and cohesiveness and limit heat generation. Such 
materials are generally less reactive than cement and 
can reduce problems resulting from fluidity loss of rich 
concrete.  
 
 
Strength and UPV 
 
Effect of NZ 
 
NZ reduced compressive strength, flexure strength and 
UPV of concrete at all levels of replacement at 3, 7, 28 
and 90 days (Table 4). Reductions were very high at 
early ages, but with increasing curing period, the 
reduction percent decreased. Reductions in compressive 
strength, flexure strength and UPV at 3-day curing period 
were 28, 39, 68%, 8, 22, 39% and 2, 4, 12% for 10, 20 
and 30% NZ replacement of PC, respectively. Reduction 
rates in compressive strength, flexure strength and UPV 
decreased significantly with increasing curing period. 
Thus, at 28-days curing period for compressive  strength, 

these values reduced to 5, 12 and 49% for 10, 20 and 
30% NZ replacement of PC, respectively (Table 4). At 90-
days curing periods for compressive strength, reductions 
were 19, 23 and 43% for 10, 20 and 30% NZ 
replacement of PC, respectively. Results of numerous 
studies have indicated that NZ slows the rate of 
hardening and reduces compressive strength of concrete 
(Sahmaran et al., 2005; Ay and Topçu, 1995). The 
reduction value increased with increasing NZ content in 
the mixtures. Uzal et al. (2003) reported that the addition 
of NZ (15, 25 and 35% by weight of cement) decreased 
the compressive strength for 3 day up to 7, 30 and 57%, 
respectively. Thus, it can be said that cement paste 
containing NZ showed a steady reduction in compressive 
strength, UPV and flexure strength at 3, 7, 28 and 90 
days as a function of replacement percentage (Figure 1). 
This can be directly related to the properties of NZ that 
decrease the heat of hydration of concrete and required 
long curing period.  
 
 
Effect of BFS 
 
The data on the compressive, flexure strength and UPV 
of specimens made using BFS are given in Table 4. 
Relationship between UPV and curing time of concrete 
containing BFS are shown in Figure 2. The 3-day 
compressive strength of concrete made with 10, 20 and 
30% BFS were 17.1, 16.9, and to 16.6 MPa, respectively. 
The 3-day both compressive and flexure strength of 
concrete decreased with increasing BFS replacement of 
PC. Reductions for 3-day compressive strength, flexure 
strength and UPV were 21, 22, 23%, 4, 12, 21% and 1, 2, 
2% for 10, 20 and 30% BFS, respectively. The 7-day 
compressive strength decreased 9, 7 and 23% for 10, 20 
and 30% BFS, respectively. Increasing the curing period 
resulted in a decrease of reduction values of compressive 
strength due to BFS compared to the 3-day compressive 
strength. For 10, 20 and 30% BFS replacement of PC at 
28 days was approximately similar or higher than the 
control  sample’s compressive  strength, flexure  strength  
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Table 3. Fresh concrete properties. 
 

PC (%) NZ (%) BFS (%) NZ+BFS (%) 
Samples 

100 10 20 30 10 20 30 20 + 10 10 + 20 
t500 5 5 * * 5 4 4 * 6 

Slump flow time (tsudden) (s) 
tend 46 40 * * 36 40 48 * 48 

Slump flow (mm) tend 600 540 * * 600 660 700 * 560 
Slump (mm)  * * 45 30 * * * 50 * 

 
 
 
Table 4. Hardened concrete properties. 
 

PC (%) NZ (%) BFS (%) NZ+BFS (%) 
 Samples 

100 10 20 30 10 20 30 20 + 10 10 + 20 

3-Day 
Density of cylinders  
(kg/m3) (± 0.02) 

2268 2232 2192 2035 2257 2225 2206 2224 2249 

 
Compressive strength (MPa) 

 
21.6 

 
15.6 

 
13.2 

 
6.9 

 
17.1 

 
16.9 

 
16.6 

 
12.8 

 
13.2 

Red. (-) or Inc. (+) (%) 0 -28 -39 -68 -21 -22 -23 -41 -39 
UPV (m/s) 3690 3620 3540 3260 3640 3630 3630 3510 3540 
Red. (-) or Inc. (+) (%) 0 -2 -4 -12 -1 -2 -2 -5 -4 
Flexure strength (Mpa) 5.11 4.69 4.00 3.14 4.92 4.50 4.05 4.16 4.51 

 
3-Day 

Red. (-) or Inc. (+) (%) 0 -8 -22 -39 -4 -12 -21 -19 -12 
 
Compressive strength (MPa) 

 
32.5 

 
26.5 

 
19.7 

 
13.2 

 
29.7 

 
30.1 

 
24.9 

 
19.8 

 
21.4 

Red. (-) or Inc. (+) (%) 0 -18 -39 -59 -9 -7 -23 -39 -34 
UPV (m/s) 3990 3930 3790 3730 3950 3950 3910 3720 3890 
Red. (-) or Inc. (+) (%) 0 -2 -5 -7 -1 -1 -2 -7 -3 
Flexure strength (Mpa) 5.84 5.13 4.37 4.08 5.50 5.29 5.02 5.05 5.14 

 
7-Day 

Red. (-) or Inc. (+) (%) 0 -12 -25 -30 -6 -9 -14 -14 -12 
 
Compressive strength (MPa) 

 
34.7 

 
32.8 

 
30.4 

 
17.7 

 
35.4 

 
36.5 

 
35.5 

 
21.3 

 
31.1 

Red. (-) or Inc. (+) (%) 0 -5 -12 -49 +2 +5 +2 -39 -10 
UPV (m/s) 4100 4050 3940 3850 4170 4180 4170 3900 4070 
Red. (-) or Inc. (+) (%) 0 -1 -4 -6 +2 +2 +2 -5 -1 
Flexure Strength (Mpa) 6.10 5.23 5.10 4.19 6.13 6.26 6.16 5.27 5.82 

 
28-Day 

Red. (-) or Inc. (+) (%) 0 -14 -16 -31 0 +3 +1 -14 -5 
 
Compressive strength (MPa) 

 
47.7 

 
38.4 

 
36.5 

 
27 

 
50.2 

 
49.7 

 
47.8 

 
36.7 

 
43.8 

Red. (-) or Inc. (+) (%) 0 -19 -23 -43 +5 +4 0 -23 -8 
UPV (m/s) 4260 4240 4180 3900 4290 4280 4270 4120 4210 
Red. (-) or Inc. (+) (%) 0 0 -2 -8 +1 0 0 -3 -1 
Flexure strength (Mpa) 6.33 5.59 5.42 5.04 6.45 6.71 6.40 6.02 6.26 

 
90-Day 

Red. (-) or Inc. (+) (%) 0 -12 -14 -20 +2 +6 +1 -5 -1 
 
 
 
and UPV. For 28-day, compressive strength was 
increased up to 2, 5 and 2% at 10, 20 and 30% BFS 
replacement levels, respectively. As for 90-days 
compressive strength, increases in compressive strength 
were increased up to 5, 4 and 0% for 10, 20 and 30% 
BFS replacement of PC, respectively. However, 
reductions were decreased with increasing curing period. 
The    reduction   value   increased  with  increasing  BFS 

content in the mixtures at early curing period. Turkmen et 
al. (2003) reported the same results for BFS. Demirbo�a 
et al. (2004) reported the same results for mortar. 

Ta�demir et al. (1997) reported that BFS concretes tend 
to have lower strengths at early ages than PC concretes, 
but at later ages, they may have the same or greater 
strength than the PC ones. Reeves (1986) has shown 
that in the use of  blast furnace slag, the heat of hydration  
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Figure 1. Relationship between ultrasonic pulse velocity and different curing periods for NZ. 
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Figure 2. Relationship between ultrasonic pulse velocity and different curing periods for BFS. 

 
 
 
is more slowly generated than that of ordinary PC. Thus, 
the rate of gain of strength increases gradually than that 
of PC (Orchard, 1979). The UPV of BFS for 3, 7, 28 and 
90-day is shown in Table 4 and Figure 2. UPV changed 
between 3630 to 4290 m/s at 3, 7, 28 and 120-day curing 
periods. 10, 20 and 30% BFS replacement of PC for 3 
and 7-day were lower than that of control sample, but the 
increasing curing period, decreased the reduction in UPV 
due to BFS (Figure 2). Maximum UPV value was 
determined for 10% BFS sample at 90 days. 
 
 
Effect of NZ+BFS 
 
The compressive strength, flexure strength and UPV of 
concrete made with both NZ+BFS in replacement of PC 
are presented in Table 4 and relationship between UPV 
and curing periods of concrete containing NZ+BFS are 

shown in Figure 3. As can be seen from Table 4, 3-day 
compressive strength, flexure strength and UPV of 
specimens is less than those obtained for control 
specimens. The difference in reductions of strength 
percent due to NZ+BFS, decreased with increasing 
curing period as it occurred for NZ and BFS separately 
replacement for PC. Reductions in compressive strength 
at 3, 7, 28 and 90-day for 20% NZ+10%BFS and 10% 
NZ+20%BFS were 41 and 39%; 39 and 34%; 39 and 
10% and 23 and 8%, respectively. Curing period affected 
the decrease in reduction of compressive strength to a 
large extent. Türkmen et al. (2003) reported that BFS 
concretes tend to have lower strengths at early ages than 
PC concretes, but at later ages, they may have the same 
or greater strength than the PC ones. However, after 
about 28 day curing period, the UPV reached a certain 
value and thereafter increased only slightly. In other 
words, the UPV took a  shorter  time  to  reach  a  plateau  
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Figure 3. Relationship between ultrasonic pulse velocity and different curing periods for NZ++BFS. 

 
 
 
value for mineral admixtured concretes when compared 
to the compressive strength. The increment in UPV due 
to BFS was higher than that of NZ for curing period 
(Table 4). Increasing age decreases the gap between the 
strength of control sample and the other samples. This is 
due to the pozzolanic activity of minerals that it may be 
effective only in the long term. It can be seen from Table 
4 that concretes which are made up of NZ, BFS, and 
NZ+BFS can be used for C 25 (Strength Class, MPa) 
replacement of PC. Its disadvantage is to decrease the 
long term. 
 
 
Relationship between compressive strength and 
flexure strength 
 
Figures 5 - 7 show the results of the concrete with the 
mineral admixtures of NZ, BFS and NZ+BFS, separately. 
For the NZ, BFS and NZ+BFS, the following models were 
found, respectively: 
 
y = 1.5766Ln(x)-0.0047                                                (1) 
 
y = 1.9476Ln(x)-1.0128                                                (2) 
 
y = 1.6Ln(x)+0.2645                                                     (3) 
 
NZ, BFS and NZ+ BFS models justify the general model 
of Equation 1, 2 and 3 and their determination 
coefficients were 0.89, 0.91 and 0.98, respectively. When 
the models of control and samples containing NZ, BFS 
and NZ+BFS were separately pooled, we found that the 
relationships were also logarithmic (Figures 5 - 7). As it 
can be seen from Equation 1, 2 and 3, their constants are 
also similar but the equation’s constants are different 
from each other.  

Relationship between compressive strength and UPV 
 
Taking into account the heterogeneous nature of 
concrete, the general relationship between UPV and 
compressive strength is pooled together for all results in 
Figure 4; for concretes at ages between 3 and 90 days. A 
determination coefficient (R2) of 0.94 indicates a very 
good exponential relationship between UPV and 
compressive strength. A determination coefficient (R2) of 
0.94 indicates a very good exponential relationship 
between UPV and compressive strength when results 
were pooled together (Figure 4). For all results, the 
following law relating compressive strength was found to 
be (fc' in MPa) to UPV (Vc in m/s): 
 
fc'=0.0301e0.0017Vc                                                                          (4) 
 
The relationship determined in this study, between fc' and 
Vc, fitting the general Equation (2) is reported by 
Tharmaratram and Tan (1990), and Demirbo�a et al. 
(2004) reported the similar relationship for high volume 
mineral admixtured concrete. 

As it can be seen from Equations 2 and 4 in which their 
constants are also similar but the Equation’s constants 
are different from each other. It can be concluded that 
this study corroborated that the general Equation (2) 
reported by Tharmaratram and Tan (1990) are also fitted 
for mineral admixtured concretes.  
 
 
Conclusions 
 
It is possible to produce SCC using 10% NZ, 10% BFS, 
20% BFS, 30% BFS and 10% NZ+20% BFS with a slump 
flow in the range of 500 - 700 mm, end flow time ranging 
from 36 - 48 s. 
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Figure 4. Relationship between compressive strength and UPV for all results between 3 and 
90 days of curing periods for PC, NZ, BFS and NZ+BFS. 
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Figure 5. Relationship between flexure strength and compressive strength for control and 
samples contain NZ. 
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Figure 6. Relationship between flexure strength and Compressive strength for control and 
samples contain BFS. 
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Figure 7. Relationship between flexure strength and compressive strength for samples control 
and containing NZ + BFS. 

 
 
 
NZ+ BFS reduced both compressive strength and UPV  
values. However, reductions were lower than that of NZ  
and higher than that of BFS. 

NZ instead of cement reduced compressive strength at 
all level of replacement. The decrease in the compressive 
strength was very high at early age but with increasing 
curing period decreased. UPV increased with the 
increasing curing period for NZ samples. Maximum 
reductions occurred for 30% replacement of NZ.  

The maximum compressive strength and UPV were 
observed with the 10% BFS replacement of PC at 90 
day. Compressive strength, flexure strength and UPV 
were very low for all levels of mineral admixture at early 
age curing period, especially for samples containing BFS. 
However, with the increase of curing period, both 
compressive strength and UPV of all samples increased.  
NZ, BFS and NZ+BFS reduced compressive strength, 
flexure strength and UPV values at 3 and 7 day curing 
periods. However, BFS replacement of PC increased the 
compressive strength, flexure strength and UPV values at 
28 and 120 day cure periods.  

A determination coefficient (R2) of 0.94 indicates a very 
good exponential relationship between UPV and 
compressive strength when all results were pooled 
together. 

When Compressive strength and flexure strength of 
NZ, BFS and NZ+BFS results were pooled together 
separately, the relationships were logarithmic and only 
constants were different for each mineral additive.  
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