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Workability, strength and durability are among the most important properties when working with concrete. Increased 

compressive strength of concrete has favorable impact on durability along with on its several other features. To ensure a high 
degree of durability, it is essential that clean, sound materials and the lowest possible water content are used in the concrete, 
together with thorough mixing. Good consolidation during placement of the concrete is important, as are proper curing and 
protection of the concrete during the early  hardening period, which assure favorable conditions of temperature and moisture. 
Cure concrete properly for a minimum of three days in order to develop good durability.  

In this study mortars with white cement and Portland cement and different w/c ratios were produced and investigated. 
The mortars produced were then tested for the impacts of alkali silica reaction (ASR), high temperatures, abrasion and acid 
effect. Results show that less expansion was measured on the mortars using portland cement while the white cement gave the 
largest expansions (approximate 0.60%).However, there was no significant difference between cements in terms of their acid 
resistance. The impact of higher temperatures on mortars produced using white cement was less in comparison with normal 
Portland cement. Durability tests showed that w/c ratio plays an important role.  
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1. Introduction 

 
Concrete is the most widely manufactured 

material in the world, with more than one cubic 
meter produced annually for every person on earth 
[1]. A typical concrete contains roughly 70 vol.% 
aggregate embedded in a cementing phase of 
hydrated ordinary Portland cement (OPC), which, in 
turn, is primarily composed of tri- and dicalcium 
silicate phases (known as alite and belite, 
respectively) [2]. When exposed to water, calcium 
silicates form calcium hydroxide and calcium 
silicate hydrate (C-S-H) gel, a cohesive phase that 
is the source of compressive strength in conrete  
[3-5].White cement is also a Portland cement and 
the process of its manufacturing is quite similar to 
normal (ASTM Type I or II) grey cement and, 
except for colour, it has essentially the same 
properties as grey cement. A controlled 
manufacturing process for white cement includes 
selective raw materials with low amounts of 
colouring elements. Fe, Co, Mn, Cr, Ni are well 
known chromophores responsible for a mineral's 
colour [6]. 

A heterogeneous chemical reaction between 
ions and alkalis dissolved in the concrete pore 
solution and certain types of siliceous aggregates 
known as alkali–silica reaction (ASR) makes one of  

 the most deleterious mechanisms of the damage of 
concrete structures throughout the world [7,8]. 
Eventually recognition of the progressive 
destruction in situ [9,10], the mitigation of ASR is 
focused on preventive recognition of reactive or 
potentially reactive forms of aggregates by 
laboratory studies [11,12]. These involve various 
petrographic techniques focused on the detection 
of reactive forms of silica in aggregate source rocks 
[13] and on accelerated laboratory test aiming to 
initiate ASR within tested concrete mixture in a 
short period of time [14,15]. The accelerated mortar 
bar test ASTM C1260 [16] is the most common 
laboratory test method which contributes to the 
recognition of the ASR potential of aggregates 
based on the expansion values of experimental 
concrete mixtures. This method is considered as a 
reference test worldwide due to its simplicity [17]. 

It is well established that mechanical 
properties of concrete are adversely affected by 
thermal exposure. Concrete typically loses between 
10 to 20% of its original compressive strength when 
heated to 300 °C, and between 60 to 75% at 600 
°C [18]. Typically, a hydrocarbon fire can generate 
temperatures in excess of 1000 °C with heat fluxes 
around 150 kW/m2 within minutes of ignition 
[19,20]. Additionally, a hydrocarbon jet fuel can 
have the same temperatures, but the heat flux 
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could be doubled [19,20]. At these temperatures, 
the compressive strength of Portland cement 
concrete can be reduced by as much as 90% [19]. 
This loss of strength is commonly attributed to the 
degradation of the calcium silicate hydrate (C-S-H) 
as it begins to lose structural water along with 
dehydration (evaporation of capillary water) of 
other hydrates (e.g., calcium hydroxide (Ca(OH)2) 
and ettringite (Ca6Al2(SO4)3(OH)12·26H2O)) and 
initiation of internal thermal stress gradients. In 
addition, high-density, high-performance concretes 
(HPCs) with high amounts of Portland cement and 
low water-to-cementitious materials ratios have 
problem when are exposed to high temperatures. 
HPCs have a high density with low porosity, and as 
temperature increases the water vapor is unable to 
escape, causing pressure to build-up in the pores 
that results in explosive spalling [21-23]. 

Another important property of concrete is 
abrasion resistance which is surface resistance to 
rub of substances from top of concrete surface. 
The abrasion resistance of concrete is defined as 
the “ability of a surface to resist being worn away 
by rubbing and friction”. Abrasion of floors and 
pavements can result from production operations, 
or foot or vehicular traffic; therefore, abrasion 
resistance is of concern in industrial floors [24]. 
Abrasion resistance of concretes is directly related 
to concrete strength, cement dosage, water-
cement ratio, surface finishing etc. Previous 
studies demonstrated that higher the compressive 
strength of concretes lower the rubbed of 
substances from the concrete surface [25]. 
Concrete in hydraulic structures, especially in 
spillway, flood discharge tunnel, overflow surface, 
sea-crossing bridge piers etc., will deteriorate 
severely by water flow containing solid particles, 
such as sand and water-borne debris. In general, 
the velocity of water flow in hydraulic structures 
does not exceed 40 m/s. However, in some 
extreme cases, the hydraulic structures deteriorate 
seriously due to the concrete at the surface 
removes quickly with high velocity water flow (>40 
m/s) containing solid particles. Hydraulic structures 
usually suffer of cause of high velocity water flow 
containing solid particles in the spillway, the flood 
discharge tunnel, or on the overflow surface, and 
thus, the designing of abrasion erosion resistant 
materials is still a big challenge [26]. 

Concrete structures are regularly subjected 
to aggressive environmental conditions from a 
variety of naturally-occurring and industrial 
chemicals. Sulphuric acid (H2SO4) is one of the 
most destructive to concrete structures due to its 
presence in ground water, industrial waste and 
sewage systems [27]. Interaction between 
concretes and sulfuric acid causes substantial and 
rapid degradation and damage. Although sulfuric 
acid is always hazardous to cementitious material 
[28], cement type and content are important factors  

 affecting performance in sulfuric acid environments 
[29]. According to Turkel et al. [30], the alkalinity of 
hardened cement binders, which is responsible for 
binding properties, may be partially or completely 
neutralized when sulfuric acid reacts with hydration 
products such as calcium hydroxide (CH) or 
calcium silicate hydrates (C-S-H). 

This research aimed to characterise 
durability- related properties and compressive 
strength of cement mortar prepared with a 
commercial cement (ordinary Portland cement 
and white cement) at different w/c ratios, for use 
in ready mix and architectural concrete. In this 
context, properties such as alkali silica reaction 
(ASR), high temperatures resistance, abrasion and 
durability against acidic substances were 
examined.  
 
2. Materials and methods 
 
2.1. Materials 

White cement and normal Portland cement 
were used as binders in this study. Physical and 
chemical characteristics of the used cements are 
shown in Table 1.  
 

Table 1 
Chemical and physical characteristics of the cements 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Two types of aggregates were used for 
mortars preparation. The samples prepared for 
testing against the impact of acids, high 
temperature and abrasion consist of 
standardised sand (silica sand) which complies 
with TS EN 196-1 standard. The samples prepared 
for ASR tests, on the other hand, contained natural 
aggregate obtained from the Ahmetli district of the 
city of Manisa. Physical properties of the Ahmetli 
aggregate are shown in Table 2. 

Amounts of materials used in the 
preparation of the mortar mixtures are given in 
Table 3 (in grams). 

Chemical 
Composition 

White Cement 
Normal Portland 

Cement 
CaO 65,9 62,51 
SiO2 21,1 20,33 
Al2O3 4,10 5,55 
Fe2O3 0,20 3,10 
SO3 3,33 3,23 
MgO 1,27 1,76 
Na2O 0,31 0,35 
K2O 0,34 0,89 

Free CaO 1,63 0,96 
CI 0,01 0,01 

Loss on 
Ignition 

3,15 1,19 

Insolubles 0,15 0,30 
Specific Weight 3,05 3,15 

Blaine 4700 3250 
Initial setting 

time 
110 120 

Final Setting 145 180 
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Table 2 
Physical properties of the aggregate 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

2.2. Method 
Accelerated Mortar-Bar Method (25x25x285 

mm) was used in order to investigate the ASR 
effect in compliance with the ASTM C 1260 
standard. Creek sand of high alkali content 
obtained from the Ahmetli district of the city of 
Manisa was used as the aggregate. Nevertheless, 
normal (grey) Portland and white Portland cements 
were used as binder and mortar bars with 0.47 and 
0.70 W/C ratios were prepared. For the tests, the 
mixtures were cast in 40mm×40mm×160mm and 
25mmx25mmx285 mm molds and demolded at 24 
h after casting. Then the mortar prisms were 
placed in water with temperature of 20 and 80°C 
until the testing. After 1st, 3rd, 7th and 14th days of 
water curing, the mortar bars were placed in NaOH 
solution at 80 0C.  

Cube samples of 5cmx5cmx5cm were used 
in order to study the impact of high temperatures. 
Removed from the molds after 24 hours, mortar 
samples were then exposed to water curing for 28 
days. After that, mortar samples were thermic treated 
in the oven at 300°C and 600°C for 3 hours. Then, 
half of the samples were cooled at room temperature 
while the other half were cooled in water.  

Cubic samples of 7.1cmx7.1cmx7.1 cm 
were prepared in order to investigate the abrasion 
resistance. The mortar samples were  cured in 
water for 7 and 28 days. After this curing, their 
abrasion resistance was determined using a 
Böhme device. Edges and weights of the cubic 
samples were measured before the tests. One face 
of the cubic samples was exposed to abrasion from 
four directions using corundum dust. Edges and 
weights of the initial, cubic samples were then 
measured again at the end of the tests. 

Sulfuric acid was used in order to 
determine the   acid   resistance. The   mortar    

 samples of 5cmx5cmx5 cm were cured in water for 
28 days. After that, the mortar samples were kept 
in sulfuric acid solution of four different 
concentrations: 0.5%, 1.0%, 3%, and 7%, for 21 
days. After this curing period of time, the mortar 
samples were investigated for their compressive 
strength. 

 
3. Results and discussion 
3.1. Alkali Silica Reaction  

Figure 1 shows the ASR expansion of the 
mortars samples obtained using Portland cement. 
Figure 1a shows the ASR expansion of mortar 
samples with a w/c ratio of 0.47. The highest ASR 
expansion was observed for the mortars placed in 
NaOH solution at the end of 3 days.  

Figure 1b shows a significant increase in the 
ASR expansion when the w/c ratio is 0.70. It was 
found that the mortars placed in the NaOH solution 
at the end of the 14th day were adversely affected 
by the ASR. It was shown that all the samples 
went beyond 0.20 % expansion at the end of the 
14th day. ASR expansion is approximately with 
38% greater when the w/c ratio is 0.70. 

Figure 2 shows the ASR expansion of the 
mortars samples obtained using white cement. 
Particularly, the mortar samples which were placed 
in the NaOH solution at the end of the 1st day 
reached at the maximum expansion.  

However, this effect differs when the w/c 
ratio is 0.70. Figure 2b shows that all mortar 
samples had greater of 0.10 % (Limit value for 
ASTM C 1260) expansion at the end of the 14th 
day when w/c ratio is 0.70. ASR expansion 
increases with aproximately 57% when w/c ratio is 
0.70. Moreover, it was found that white cement is 
more susceptible to ASR expansion when 
compared to Portland cement.  

Sieve Analysis Specific Weight 

Sieve Size 
% Passing Through 

the Sieve 
2,66 

3/8" 100 Water Absorption 
No:4 95,1 1,65 
No:8 74,4 Fineness Modulus 
No:16 60,2 3,0 
No:30 48,8  
No:50 22,7  

No:100 4,5  
Table 3  

Compositions of the cement mortars 
 

Durability test 

Mixtures compositions 

Aggregate (g) Water (g) Cement (g) W/C  

ASR 
1350 282 600 0,47 
1350 420 600 0,70 

Impact of High Temp. 
Impact of Abrasion 

Impact of Acid 

1350 315 450 0,70 

1350 225 450 0,50 
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Fig. 1- ASR expansion of the mortar samples with Portland cement: a - prepared with w/c ratio of 0.47; b – prepared with w/c ratio of 0.7 
 

 

 

 
a                                                                                                              b  

Fig. 2 - ASR expansion of the mortar samples with White cement: a - prepared with w/c ratio of 0.47; b – prepared with w/c ratio of 0.7 
 

 

 

 
                                     a                                                                                                              b  

Fig. 3 - The impact of air cooling and water cooling on the mortars samples exposed to high temperatures. 
 

3.2. Impact of high temperature 
Figure 3 shows the compressive strength of 

the mortars exposed to high temperatures. Figure 
3a show that air cooling has an impact on the 
compressive strength, in correlation with 
temperature treatment. For the samples heated at 
300oC air cooling does not have unfavorable 
impact on strength. However, compressive 
strength decreases with 35-43% when the samples 
were heated at 600oC.  

Figure 3b shows the changes in the com- 

  
pressive strength of the mortars samples exposed 
to high temperatures when they were cooled in 
water. This had an adverse impact on the 
compressive strengths of samples heated at both 
300oC and 600oC. Water cooling of the samples 
heated at 300oC led to a decrease in compressive 
strengths between 16% and 40%. For the samples 
heated to 600oC the decrease in compressive 
strengths was between 65% and 67%. The w/c 
ratio and the cooling method have an important 
impact on the mortars exposed to higher 
temperatures.  
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Fig. 4 - The impact of high temperature on the loss of strength 
 

 

 

 

                                               a                                                                                                                       b 
Fig.5 - The Impact of curing time, w/c ratio and cement type on abrasion. 
 

As is shown in Figure 4, air cooling of the 
sample heated at 300oC has favorably results in 
terms of compressive strength. Especially the 
mortars obtained using white cement show 
improved strength. Increased w/c ratio adversely 
affects the compressive strength. Nevertheless, the 
loss of strength is at a higher level for the mortars 
obtained using normal Portland cement.  
 
3.3. Impact of Abrasion 

Figure 5 shows the weight and volume 
losses as result of abrasion for the mortars 
samples prepared using white cement and 
Portland cement. Figure 5a shows the weight and 
volume losses according to the abrasion conducted 
at the end of the 7th day of water curing. A 
significant difference was detected between the 
two cements samples when the w/c ratio is 0.50.  

 However, it was found that normal Portland 
cement is adversely affected by abrasion when the 
w/c ratio is 0.70. The weight loss of normal 
Portland cement due to abrasion increased with 
125% when the w/c ratio is 0.70. For the same w/c 
ratio, the weight loss of white cement due to 
abrasion increased with 32%. 

Figure 5b shows the impact of abrasion on 
the weight and volume losses when the water 
curing time was 28 days. It was found that the 
weight and volume losses of the mortar samples 
from white cement were lesser than the weight and 
volume losses for normal Portland cement mortar. 
Weight loss of the mortar obtained using normal 
Portland cement increased with 47% when the w/c 
ratio was 0.70. However, the weight loss of the 
white cement mortar was at 18% (w/c=0,70). It 
was found that curing time and w/c ratio play an 
important role in the impact of abrasion. 
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                                                     a                                                                                                                       b 
Fig.6 - Compressive strength of the mortars exposed to sulfuric acid. 
 
3.4. Impact of acid attack 

Mortars obtained using white cement and 
normal Portland cement were exposed to sulfuric 
acid of different concentrations. Figure 6 shows the 
changes in the compressive strengths of the 
mortars. 

Mortar samples lose their strength as the 
sulfuric acid concentration increases (Fig. 6a).  
Compressive strength of mortars with w/c ratio of 
0.5 prepared using white cement decreased with 
46% when the sulfuric acid concentration was 7%. 
The review of all sulfuric acid concentrations 
revealed that the normal Portland cement mortar 
with w/c ratio of 0.50 showed the highest loss in 
strength (Fig. 6b). However, this effect is reverse 
when the w/c ratio is 0.70. Strength loss of the 
mortar obtained with normal white cement 
increases as the w/c ratio increases. However, this 
was not the case for the mortars obtained using 
Portland cement. 
 
4. Conclusions 
 

Mortars obtained using white cement 
proved a higher level of expansion when they were 
investigated in terms of ASR. Increase of W/C ratio 
generally leads to the increase of ASR expansion. 
This could be explained by the increase of capillary 
porosity of the mortar. 

Air cooling of the sample heated at 300oC 
has a favorably influence on compressive strength. 
However, air cooling of the samples heated at 
600oC has an unfavorable impact on the 
compressive strength. Water cooling, on the other 
hand, has a significantly unfavorable impact on the 
compressive strengths of the samples thermic 
treated. The impact of higher temperatures on 
mortars prepared with white cement was lesser in 
comparison with their impact on normal Portland 
cement. 

Weight loss by abrasion of the mortars 
samples prepared with white cement was lower in 
comparison with that of samples with Portland 
cement. It was found that w/c ratio is the most 
significant parameter for the abrasion resistance. 
 

 There was no significant difference 
between white cement and normal Portland 
cement in terms of their acid resistance. 
Nevertheless, it was shown that the w/c ratio has a 
more important impact.  

Durability tests showed that w/c ratio plays 
an important role for this property. However, the 
strength class of the cement gains importance 
over the cement type when physical effects such 
as abrasion are in question. 
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Co-Products Operators Association. 
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concerned with all aspects of manufacturing and utilization of ferrous slag products. www.euroslag.org 

The Association deals with promotion of slag as a product, enables exchange of information and research 
and facilitates the interaction with governing bodies. About 45 million tons of ferrous slags are generated annually 
in Europe by iron and steel plants. 

AFOCO, Member of EUROSLAG, is the French Association of companies involved in collecting slags and 
other by-products in the steel plants with the aim to transform them into useful and reliable new products. AFOCO 
brings together 18 companies which manage about 90% of all the French slag production, including some of the 
best research teams in this field. 

The purpose of the 9th EUROPEAN SLAG CONFERENCE is the exchange of knowledge related to 
technical applications, environmental and legal subjects for all kinds of iron and steel slags. 
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