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Abstract- In this experimental study, the short – term effects of sodium sulfate solutions on the durability of hardened 
mortar specimens were investigated. For this purpose, 4 groups of mortar specimens were produced without reinforcement 
and the dimension of these specimens is 40x40x160 mm. Also the produced specimens were cured different environments 
such as water and sodium sulfate solution. The experimental tests were carried out on the specimens weekly between 7th and 
77th days and different test programs as unit weight, volumetric water absorption, capillary water absorption and ultrasound 
velocity were applied on the 4 groups of the specimens. At the end of the non-destructive tests, Na2SO4 (sodium sulphate) 
had detrimental effects on the mortar specimens and the specimens had less experimental values than the normal situation. 
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I. INTRODUCTION 
 
Sulfate ions in soil, ground water, sea water and 
environment cause decay of concrete structures 
because of sulfate attack. Since those ions have been 
an intriguing problem for the structural elements. 
Besides, sulfate attack is the more regular type and 
typically occurs where water containing dissolved 
sulfate penetrates the concrete. A truly clear reaction 
front can regularly be seen in cleaned segments; in 
front of the concrete is ordinary, or close typical. 
Behind the reaction front, the composition and 
microstructure of the concrete will have changed. 
These progressions may change in sort or seriousness 
however generally incorporate; broad cracking, 
development and loss of bond between the hardened 
cement paste and aggregate. Concrete matrix may be 
attacked by sulfate ions (Liu and Weyers, 1998). At 
the point when sulfate ions diffuse in pores of 
concrete, the chemical reaction between the hydration 
solution of concrete and sulfate ions may occur. 
Subsequently, ettringite crystal may nucleate and 
develop in the pores, and this kind of ettringite is 
likewise called “postponed ettringite”. The inside 
development strengths induced by ettringite crystal 
may prompt to the micro and macro crack 
advancement in concrete (Zhu et al., 2013; Sirisawat 
et al., 2014; Xiong et al., 2015). These micro and 
macro cracks in these structural elements stemmed 
from sulfate ions. Additionally, expander impact has 
been made by the sulfate ions are known to diminish 
with Friedel salt development (Han, 2007).  
   For that reasons like deterioration of concrete 
structures due to sulfate attacks, a lot of experimental 
(long-term effects of the ions) and theoretical study 
have been carried out on these topics. The detrimental 
effects of sulphate on the hardened mortar, mortar 
and cement paste has been studied by many 
researchers (e.g., Gollob and Taylor, 1994; Akoz et 

al., 1999; Brown et al., 2000; Valls et al., 2001; Hekal 
et al., 2002; Al-Dulaijan et al., 2003; Neville A., 
2004; Zuquan et al., 2007; Tosun et al., 2009; Pack et 
al., 2010; Kunther et al., 2013; Jasniok et al., 2014; 
Boutiba et al., 2015; Czapik and Owsiak, 2016). But, 
to the best of the authors’ knowledge, a few 
researchers conducted experimental study about the 
short-term effect of sodium sulfate ions on the 
hardened mortar specimens. Therefore, in this 
experimental study, the short-term effects of Na2SO4 
on the hardened mortar specimens were investigated 
and presented in the fallowing sections. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Materials and Procedures 
The experimental study, aiming to evaluate the short-
term effects of sodium sulfate ions on the hardened 
mortar specimens, consist of 4 group specimens with 
the dimensions 40x40x160 mm (Fig. 1). Na2SO4 
effects were investigated on the mortar specimens, 
which cured in sulfate solution (Fig. 2) and the sulfate 
concentration of this solution is 40000 mg/L, these 
mortar specimens were produced without 
reinforcement (Fig 2). 
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Fig. 1 General appearance of specimens 
Furthermore, in this experimental study, two different 
mortar such as standard and specific mortar were 
used. Water/Cement ratios of standard and specific 
mortars are 0.5 and 0.8, respectively. Standard and 
specific mortars consist of 1350 g standard CEN 
sand, 450 g CEM I 42.5N cement, 225 g water and 
1350 g standard CEN sand, 450 g CEM I 42.5N 
cement, 360 g water, respectively. In addition, used 
cement was suitable for TS EN 197-1 according to its 
physical and chemical properties. 
The general characteristics of the produced hardened 
mortar specimens are given in Table 1. In this table, 
the specimens were symbolized with using standard 
mortar (M1) and specific mortar (M2), curing in 
water (W) and Na2SO4 (S). For example, M1S77 
denotes a specimen produced with standard mortar, 
cured in sodium sulfate solution and tested 77th day, 
respectively. 
 

Table 1 Notation of the specimens 

 
 

 
Fig. 2 General appearance of specimens (Cured in sulphate 

solution) 
 
III. RESULTS AND DISCUSSION 
 
3.1. Results of unit weight test 
Unit weight tests were conducted on M1W, M2W, 
M1S and M2S specimens at 7th, 28th and 77th days. 
According to the experimental results, unit weight 
increasing of M1W and M1S, which were produced 
with standard mortar (w/c=0.5), more than M2W and 
M2S, which were produced with specific mortar 
(w/c=0.8). Although, these specimens were cured 
different environments, w/c ratios had big effects on 
the increment of unit weight. Independent of curing, 
generally if a specimen is produced with low w/c 
ratio, unit weight of the specimen is more than 
according to the produced with high w/c ratio (Fig. 
3). And the unit weight values were calculated 
according to the following formula (1). 

3Wβ= ; W : W eigh t(gr), V : V olum e(cm )         (1 )
V

 Also the w/c ratio has significant influence on unit 
weight value of the specimens. Low unit weight value 
indicates that there are more spaces in the specimens’ 
structure; the situation is caused by high w/c ratios. In 
addition, understood from the situation, concrete was 
not placed to the molds in a good way. The cases are 
low unit weight value and has a hallow structure are 
completely opposite for specimens with low w/c 
ratio.  

 
Fig. 3 Test results of unit weight (gr/cm3) 

 
3.2. Results of ultrasound velocity test 
Ultrasound velocity tests were conducted on M1W, 
M2W, M1S and M2S specimens, which were tested 
at 7th, 28th and 77th days. According to the test results, 
although two group specimens like M1W and M1S 
have the same w/c ratio and equal cured duration, 
ultrasound velocity value cured in water was more 
than the cured in sulfate, this rule was mostly valid on 
all test days. Also, ultra sound velocities of 
specimens, which were tested at 28th days and cured 
in water and sulfate, were higher than the other days 
like 7th days and 77th days as shown in Fig. 4. And 
ultrasound velocity values were calculated according 
to the following formula (2). 
  3( / ) 1 0              ( 2 )SV k m s

t
  

   The high or low sound transition period obtained 
from the tests reveals two different results. Firstly, if 
the transition time is long for a specimen, it indicates 
that the tested specimen has a gapless structure and 
this case is result of low w/c ratio. Secondly, if the 
transition time is short for a specimen, it indicates 
that the tested specimen has a hollow structure and 
this case is result of high w/c ratio.                   

 
Fig. 4 Test results of ultrasound velocity (km/s) 

 
3.3. Results of volumetric water absorption test  
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According to volumetric water absorption (VWA) 
results of specimen, absorption capacity of M2 
specimens was higher than the M1 specimens as 
shown in Fig. 5. Because these specimens, which 
were produced with high w/c ratio, have a hallow 
structure. For that reasons, water enters the specimens 
quickly and easily, and the specimens keep more 
water in their structure. But absorption capacity of 
M1 specimens was lower than the M2, since the 
specimens were produced with low w/c ratio and they 
had less porous structure compared to the other 
specimens (M2). Also VWA capacity of specimens 
was calculated according to the following formula 
(3).      

0 100                (3)WA
w

WA WW

W WV
W W


 


                                  

If we explain expressions in the above formula; VW 
denotes the Volumetric Water Absorption, WWA: 
weight in air of satured specimen, W0: dry weight of 
specimen and WWW: weight in water of satured 
specimen, respectively. 
In tests conducted in a short time, generally w/c ratio 
has the most influence on the behavior of the tested 
specimens. It is seen that the above results, w/c has a 
huge impact on the volumetric water absorption 
capacity. Importance of w/c ratio is understood from 
these results once again. In addition, researchers, who 
will do research about this topic, pay attention to the 
experimental results. Authors of the paper consider 
that the results may be important for them.  
 

 
Fig. 5 Test results of volumetric water absorption (%) 

 
3.4. Results of capillary water absorption  
Experimental results of capillary water absorption 
(CWA) showed that capillarity capacity of M2S 
specimen was higher than the other specimens all test 
days as shown in Fig. 6. Because these specimens, 
which were produced with high w/c ratio and cured in 
sulfate solution, have a hallow structure. For that 
reasons, the advancement of water in the specimen 
was easier than the other specimens. Besides, 
capillarity capacity of M2W, which was produced 
with low w/c ratio and cured in water, was higher 
than M1W with low w/c ratio. Capillarity (C) 
capacity of specimens was calculated according to the 
following formula (4). 

2
2

2( / )                   (4 )
.

QC cm s
A t

                       

   If we are explaining expressions in the above 
formula; C denotes the capillarity water absorption, 
Q: amount of absorbed water, A: tested surface area, 
t: measuring time. Moreover, the capillarity capacity 
of the specimens should be inversely correlated with 
them degradability, absorption measurements 
performed on uniformly prepared concrete and mortar 
specimens can provide useful information concerning 
quality control and the determination of which 
samples are likely to have a longer service life.  

 
Fig. 6 Test results of capillary water absorption (cm2/s) 

 
CONCLUSIONS 
 
According to test results obtained from experimental 
study, following conclusions can be drawn. The 
following results are very important to obtain 
information about changes that occur in the standard 
and specific concrete mortar in a short time.   
1) Ultrasound velocity of specimens, which 
were produced with low w/c ratio and cured in water 
and the sulfate solution, is higher than the other 
specimens all days. Also the situation is independent 
from curing condition. The result revealed that 
water/binder ratio has a huge impact on the specimen 
structure. Especially, if a specimen produces with 
high water/binder ratio, the specimen has a hallow 
structure. But if the specimen produces with low 
water/binder ratio, the specimen has the gapless 
structure and the ultrasound velocity is the biggest.  
2) Unit weight value of specimens, which were 
produced with low w/c ratio and cured in water and 
sulfate solution, are higher than the other specimens 
with high w/c ratio. Low w/c ratio has a positive 
effect on unit weight value. 
3) The capillary water absorption value of 
specimens with high w/c ratio has increased more 
than the other specimens with low w/c ratio. The 
same result holds in true for volumetric water 
absorption. 
Above results showed clearly that occurring events in 
concrete in short and long term are almost equal. So 
researchers want to do research on concrete in a short 
time, it is useful to consider the above results. 
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