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This work aims to contribute to the design of durable concrete structures exposed to 
adverse environmental hazards. An investigation is made to studythe effect of different 
types of cement composition at different age to understand the degradation mechanisms, 
such as leaching and diffusion in the low pH and salt attack, abnormal heat and 
fluctuating humidity processes. These affect the durability and mislead the results in 
evaluation of the service life of the concrete structures. Investigations with respect to acid 
test, alternating humidity, adverse temperature and chloride resistance are carried out 
with three different cement types, by casting mortar cubes. The mortar composition with 
blended cement leads to a better resistance to chemical attack than plain Portland cement 
because the microstructure is less permeable For the blended cement, the effect of curing 
environment and the period of initial curing on the mechanical properties are investigated 
and the result is compared with the natural pozzolana cement. The performance of natural 
pozzolana cement exposed to aggressive solutions (acids and chloride) is lower than the 
blended cement, although the initial strength development is high.  

KEYWORDS-Cement mortar; strength; durability; acid resistance; chloride attack; 
compressive strength. 

I.Introduction 

One of the most important issues in the design of concrete structures is their durability 
and maintenance. Inaqueous media, cementitious materials are subjected to external 
chemical attacks; for instance constructions in contact with sea water, sewages, tunnels 
and also deep foundations in contact with ground water. Acid and chloride attack in 
concrete structures can be a major problem in areas where the soil and air contains large 
quantities of water soluble acids or chlorides. Groundwater, whether natural or provided 
artificially by such means as irrigation, tends to dissolve these chemicals and carry them 
into the concrete. In such situations, the bottom of the footing or foundation often 
becomes completely saturated with acid laden ground water while the upper portion is 
exposed and relatively dry. This moisture gradient creates a transport mechanism for the 
chemical laden water as it is drawn into the concrete. The water evaporates upon reaching 
the surface and deposits the particles in the concrete and results in an acceleration in the 
chemical  attack mechanism. This type of chemical assault becomes visually evident with 
prolonged time. In recent times, different cement types are increasingly used in concrete 
emphasizing to prevent durability loss, increase in strength and to obtain desired service 
life. Cement is mainly used as binding material in mortar and concrete. Use of ordinary 
Portland cement (OPC) (IS 269)1 alone is limited to filling small pores with its paste. 

Abstract 
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However, Feng et al. (2004)2 found that in pozzolanic cement, the amorphous silica 
reacts with free calcium hydroxide present in the cement paste during the cement 
hydration and forms more calcium silicate hydrate (C–S–H)  gel. The presence of excess 
gel reduces pore volume and makes the mortar denser thus contributing to the 
improvement in the strength and durability properties of concrete. In addition to OPC, 
pozzolanic cements like Portland Pozzolana Cement (PPC) and Portland Slag Cement 
(PSC) are abundantly available in the market. Portland Pozzolana Cement:(IS 1489)3is a 
kind of Blended cement which is produced by inter-grinding of OPC clinker along with 
gypsum and flyash in certain proportions. Similarly, Portland Slag Cement: (IS-455)4is 
produced by inter-grinding of OPC clinker along with gypsum and granulated blast 
furnace slag. Based on the above discussion it was decided to perform few experiments 
on the strength and durability aspects of   cements. OPC along with   PSC and PPC are 
used to make mortar cubes.  Performance of cements are judged on the outcome of  
compressive strength of mortar cubes based on acid resistance and chloride resistance 
tests.   

I.I. Background 

When concrete is exposed to external chemical attack, its porosity and permeability 
shall be reduced to decrease the rate of penetration of aggressive agents,Aitcin 
(2000)5.The pore Structure, in turn, is affected by the type of the cement, the 
water/cement ratio and the presence of mineral additions. (Jambor(1990)6. The type of 
the cement is responsible for the degree of hydration and the presence of pozzolanic 
mineral is responsible for the particle packing within the of the paste and adversely 
influence the durability (Saraswathy et al.(2003)7; Gastaldini et al. (2007)8). Vejmelkova 
et al.(2009)9 observed that mortar prepared using PPC cement significantly lowered the 
amount of free Ca(OH)2 and increased the formation of calcium silicate hydrate (C–S–H) 
structures. The additional calcium silicate hydrate partially filled the former pore space 
making more denser structures. The concrete made with PSC cement has also a reduced 
pore volume and pore connection which aids the concrete in resisting sulphate and 
chloride attacks (Binici et al.(2007)10;Luo et al.(2003)11;Nakamura et al.(1993)12. 
Durability in concrete structures is also affected by the action of aggressive agents which 
contain sulphate present in water and in soils [Cavdar and Yetgin (2010)13, generating 
gypsum [CaSO4] and ettrignite [Ca6-[Al(OH)6]2 .4(H2O).[(SO4)3.(2H2O)]]. As a 
consequence, an expansion is generated, resulting in cracking and deterioration. The 
resistance to chloride penetration are promoted by the use of mineral additions in cement 
(Mehta et al.(1992))14; Sivasundaram and Malhotra (1992)15; But, the compressive 
strength is very adversely affected by the blended cement rather than the OPC cement, 
Chindaprasirt et al. (2005)16.Although, it is an accepted fact that the curing process 
improves cement hydration and pozzolanic reactions resulting in denser microstructure 
and smaller volume of capillary pores Aitcin (2000)17, researchers do not yet agree on 
how long the curing process in concretes mixes should proceed Battagin et al.(2002)18. 
Neville (2012)19 pointed out that at temperatures approximately above 430oC, cement 
mortar with siliceous aggregates show significant strength loss. At 600 oC, concrete can 
lose half of its strength. Above 800 oC, loss of the bound water in the hydrates may cause 
a strength loss of even 80%, which may lead to the failure of structures. From the 
analysis of the above study it was found that few experiments have been conducted by 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02) 

 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 
 

Page 335 

past researchers regarding the strength and durability aspects of   different types of 
cements. Hence, three types of cement viz. OPC, PSC and PPC are selected for 
performing experiments.  Tests like extended curing period, wet and dry, acid resistance, 
heat resistance tests were carried out in the laboratory. 

II. Experimental Investigation 

II. I. Materials used and properties: 

The cementitious materials used in mortar were cements of different types, PPC, PSC, 
OPC. The physical properties of cement obtained experimentally are presented in Table 
1. Standard sand was used as a fine aggregate and the properties and shown in table 2. 
The natural coarse aggregate was collected from Tapanga, Khordha, Odisha with 
downgraded 20 mm diameter and the properties and shown in table 3. The properties of 
aggregates obtained according to IS: 383-1970.   

Sl. 
No. 

Properties Opc 
 

Ppc 
 

Psc 
 

1. Fineness (cm2/gm) 303 306 361 

2. Initial Setting Time 
(min) 

35 147 132 

3. Final Setting Time 
(min) 

381 487 463 

4. Normal Consistency 
(%) 

30.5 32 31 

5. Soundness (%) 0.32 0.41 0.38 

6. Specific gravity 3.14 3.03 3.09 

7. 28 days compressive 
strength (N/mm2) 

34.36 32.52 33.58 

 

Table 1 Physical properties of cement 

 

Sl. No. Description Test results 

1 
As received moisture 

content 
0.39 

2 Unit Weight, (Kg/m3) 1840 
3 Bulk Specific Gravity 2.43 

4 
Apparent Specific 

gravity 
2.52 

5 SSD Absorption, (%) 1.0 
6 Void, (%) 25.0 
7 Fineness modulus 3.57 
8 Soundness of aggregate 10.0 
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Table 2: Physical properties of fine aggregate 

 

Sl. 
No. 

Properties Test results 

1 Specific gravity 2.78 
2 Abrasion value, % 47.46 
3 Flakiness index,% 21.18 
4 Crushing value, % 24.50 
5 Impact value, % 29.63 

6 
Water 

absorption,% 
0.22 

7 Fineness modulus 6.93 
Table 3: Physical properties of Coarse aggregate 

II.II. Mixing, Casting, Curing details and  

Testing of Specimens 

Based on the literature study, it was decided to evaluate the competency of cements on 
the results of compressive strength of mortar cubes. Each result was determined from 
average value of the experiments on three specimens based on wet and dry, acid 
resistance, salt resistance and heat resistance tests. The experiments on the cements were 
done as per the code IS: 4031-1988 specification to deduce their consistency as well as 
their strengths.  

The proportions of cement and sand is taken as 1:3. The mass of water is taken 
according to the consistency that was deduced experimentally. The cubes which were 
casted were taken of 71 mm size. The materials were mixed and compacted using 
vibrating table at the room temperature of 280C. All the processes were carried out as per 
the Indian Standards of the corresponding cement. For curing, the specimens were 
removed from the moulds after 24 hour of casting and placed in 100% humidity. Figure 1 
shows the Compressive strength test set up. 

II.III. Chloride penetration test 

The test was conducted as per ASTM C 1556 code for each cement type after 28 days 
of curing. The size of specimen was 100x100x100 mm as the minimum specimen 
dimension of 75 mm was required as per codal requirement.  The specimens will be 
soaked in NaCl solution (165 gm of NaCl per liter) for  35 days and 60 days. Then the 
specimens are allowed to dry at 25 oC for at least 24 hours. Profile grinding is carried out 
to collect powder samples at small depth increments. Then acid soluble chloride is 
determined as per ASTM C 1152/C1152M.  In this research study, depth of  chloride 
penetration was noted for each specimen for comparison purpose instead of calculating 
diffusion coefficients.  For each cement type, one set of three specimens were kept for 
chloride penetration test and two sets of three for compressive strength test before and 
after soaking in NaCl solution. 



Online International Interdisciplinary Research Journal, {Bi

 

w w w . o i i r j . o r g                      I S S N  2 2 4 9

Fig. 1 Compressive strength test

II.IV. Acid resistance test:

In this test, the compressive strength of control mortar cube specimens were   compared 
with those exposed to acid resistance test. 
were tested based on modified ASTM C 267
curing, the mortar specimens were exposed to 3% sulphuric acid solution for 56 days and 
90 days.  

II.V. Heat resistance test

After 28 days of curing of mortar cu
specimens are tested for compressive strength after keeping in the required temperature 
for 6 hours and cooling thereafter to room temperature. The  specimens  were heated upto 
27 oC, 50 oC, 100 oC, 200 
compression.  Up to 100 
temperatures, a laboratory furnace was used. The specimens were cut to size of 50x50x50 
mm to fit to the heating space inside the furnace. 

III. Results and discussions

III. I. Extended curing period tes

The results of 3days, 7days, 28 days, 60 days and 90 days compressive strength of 
cement mortar are  

presented in Table 4. It is observed that OPC cement has achieved higher earlier 
strength comparing to PPC and PSC cements. This is because, OPC contain
amount of rapidly reacting 
(FHA 2006). Similarly, extended curing beyond 28 days has yielded higher strength  for 
PPC and PSC cements comparing to comparing to OPC cement.   It may be attribu
the fact that pozzolanic materials reacted slowly which required extra curing period. 
Also, the same pozzolanic materials reacted with 
formation of calcium silicate hydrate (C
mortar. Figure 2 shows the compressive strength of cement mortar with extended curing 
period. 
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Compressive strength test 

Acid resistance test: 

In this test, the compressive strength of control mortar cube specimens were   compared 
with those exposed to acid resistance test. 70.6x70.6x70.6 mm mortar 
were tested based on modified ASTM C 267-01 test method. After 28 days of water 
curing, the mortar specimens were exposed to 3% sulphuric acid solution for 56 days and 

Heat resistance test 

After 28 days of curing of mortar cubes were made ready for heat resistance test. The 
specimens are tested for compressive strength after keeping in the required temperature 
for 6 hours and cooling thereafter to room temperature. The  specimens  were heated upto 

C, 200 oC, 400 oC and 600 oC. respectively previous to testing for 
compression.  Up to 100 oC, experiments were carried out in a oven. At higher 
temperatures, a laboratory furnace was used. The specimens were cut to size of 50x50x50 
mm to fit to the heating space inside the furnace.  

III. Results and discussions 

Extended curing period tests 

The results of 3days, 7days, 28 days, 60 days and 90 days compressive strength of 

presented in Table 4. It is observed that OPC cement has achieved higher earlier 
strength comparing to PPC and PSC cements. This is because, OPC contain
amount of rapidly reacting cementitious compounds comparing to PPC and PSC cements 
(FHA 2006). Similarly, extended curing beyond 28 days has yielded higher strength  for 
PPC and PSC cements comparing to comparing to OPC cement.   It may be attribu
the fact that pozzolanic materials reacted slowly which required extra curing period. 
Also, the same pozzolanic materials reacted with free Ca(OH)
formation of calcium silicate hydrate (C–S–H) structures, thus increasing the strength of 

Figure 2 shows the compressive strength of cement mortar with extended curing 

07, June 2017 Special Issue (02) 

w w w . o i i r j . o r g                      I S S N  2 2 4 9- 9 5 9 8 
 

Page 337 

In this test, the compressive strength of control mortar cube specimens were   compared 
70.6x70.6x70.6 mm mortar cube specimens 

01 test method. After 28 days of water 
curing, the mortar specimens were exposed to 3% sulphuric acid solution for 56 days and 

bes were made ready for heat resistance test. The 
specimens are tested for compressive strength after keeping in the required temperature 
for 6 hours and cooling thereafter to room temperature. The  specimens  were heated upto 

respectively previous to testing for 
C, experiments were carried out in a oven. At higher 

temperatures, a laboratory furnace was used. The specimens were cut to size of 50x50x50 

The results of 3days, 7days, 28 days, 60 days and 90 days compressive strength of 

presented in Table 4. It is observed that OPC cement has achieved higher earlier 
strength comparing to PPC and PSC cements. This is because, OPC contains higher 

cementitious compounds comparing to PPC and PSC cements 
(FHA 2006). Similarly, extended curing beyond 28 days has yielded higher strength  for 
PPC and PSC cements comparing to comparing to OPC cement.   It may be attributed to 
the fact that pozzolanic materials reacted slowly which required extra curing period. 

free Ca(OH)2 and increased the 
H) structures, thus increasing the strength of 

Figure 2 shows the compressive strength of cement mortar with extended curing 
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Sl. No. Days of 
curing 

previous 
to test 

 

1 3 

2 7 
3 28 
4 60 
5 90 

Table – 4: Compressive strength of cement mortar with extended curing period

Fig. 2 Compressive strength vs. wet curing time

III.II. Chloride penetration test

Compressive strength is considered as a key property of cement mortar. Initially the 
OPC exhibits better compressive strength, but in the latter period of extended exposure to 
the adverse environment the blended cements show far reaching r
ions react with cementious compounds, but it does not show any sign of expansion or 
cracking. Consumption of cementious phase leads to increase in porosity, reduction of pH 
causing disastrous circumstances. The C
protective layer, thus high C
OPC there is a 26% reduction in the compressive strength in 60 days. But in case of 
blended cement there is a 13% 
Thus it can be stated that the blended cement with admixtures can show better results 
against the chloride attack.
mortar for Chloride test.

Sl. 
No.
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Compressive strength in N/mm

 OPC PPC 

Strength 
% of 28 

days 
strength 

Strength 
% of 28 

days 
strength 

18.32 
 

53.31 
14.94 

 
45.94 

24.17 70.34 22.46 69.06 
34.36 100.00 32.52 100.00 
35.28 102.67 36.49 112.20 
35.81 104.22 38.34 117.89 

4: Compressive strength of cement mortar with extended curing period

 

Compressive strength vs. wet curing time 

penetration test 

Compressive strength is considered as a key property of cement mortar. Initially the 
OPC exhibits better compressive strength, but in the latter period of extended exposure to 
the adverse environment the blended cements show far reaching r
ions react with cementious compounds, but it does not show any sign of expansion or 
cracking. Consumption of cementious phase leads to increase in porosity, reduction of pH 
causing disastrous circumstances. The C3A can bind with Cl-  
protective layer, thus high C3A cements are preferable against chloride attack. In case of 
OPC there is a 26% reduction in the compressive strength in 60 days. But in case of 
blended cement there is a 13% - 16%   reduction in the compressive strength in 60 days. 
Thus it can be stated that the blended cement with admixtures can show better results 
against the chloride attack.Table 5 and figure 3 shows the compressive strength of cement 
mortar for Chloride test. 

Sl. 
No. 

Number 
of 

days 

Strength 
of OPC 

in 
N/mm2 

Strength 
of PPC 

in 
N/mm2 

Strength 
of PSC 

in 
N/mm2

1 0 34.36 32.52 33.58 
2 35 27.38 29.48 31.94 
3 60 25.37 27.26 29.15 
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Compressive strength in N/mm2 

PSC 
% of 28 

 

Streng
th 

% of 28 
days 

strength 
16.75 

 
49.88 

23.51 70.01 
 33.58 100.00 
 38.34 114.17 
 39.92 118.88 

4: Compressive strength of cement mortar with extended curing period 

Compressive strength is considered as a key property of cement mortar. Initially the 
OPC exhibits better compressive strength, but in the latter period of extended exposure to 
the adverse environment the blended cements show far reaching results. The chloride 
ions react with cementious compounds, but it does not show any sign of expansion or 
cracking. Consumption of cementious phase leads to increase in porosity, reduction of pH 

  ions thus forming the 
A cements are preferable against chloride attack. In case of 

OPC there is a 26% reduction in the compressive strength in 60 days. But in case of 
mpressive strength in 60 days. 

Thus it can be stated that the blended cement with admixtures can show better results 
Table 5 and figure 3 shows the compressive strength of cement 

Strength 
of PSC 

2 
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Table – 5: Compressive strength of cement mortar for Chloride test

Fig. 3: Compressive strength vs. curing

III.III. Acid resistance test

The effect on the compressive strength of the concrete mixtures up to 60 days is 
presented in Figure 4 and Table 6
of cement mortar specimen. OPC gi
exposed to the acid environments. In the later state the blended cements show good 
resisting properties against chemical attacks. Acid attacks concrete by dissolving and 
removing a part of the cement pas
hydrogen ion diffuse into the cement gel(C
leached out. Thus there is loss of cementious nature due to deterioration of CSH because 
of lower pH.For the OPC the comp
results are shown by the blended cement where 26% 

Sl.  
No  

Number of days 

1 
2 
3 

Table – 6: Compressive strength of cement mortar with acid curing

Fig. 4 : Compressive strength vs. curing time in acid

III.IV. Heat resistance test

As the temperature rises the strength considerably decreases. On experimental basis it is 
observed that OPC shows least resistance against heat as the strength decreases upto 75% 

Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02)

 w w w . o i i r j . o r g                      I S S N  2 2 4 9

 

5: Compressive strength of cement mortar for Chloride test

 

Compressive strength vs. curing time in chloride 

III.III. Acid resistance test 

The effect on the compressive strength of the concrete mixtures up to 60 days is 
in Figure 4 and Table 6. It is seen that at all test ages, the compressive strength 

of cement mortar specimen. OPC gives best results in the initial state when it is not 
exposed to the acid environments. In the later state the blended cements show good 
resisting properties against chemical attacks. Acid attacks concrete by dissolving and 
removing a part of the cement paste, thus leaving behind a soft and weak mass. The 
hydrogen ion diffuse into the cement gel(C-S-H) after the Ca(OH)
leached out. Thus there is loss of cementious nature due to deterioration of CSH because 

For the OPC the compressive strength is lowered by 50%, whereas better 
results are shown by the blended cement where 26% - 37% of strength is lowered.

Number of days 
of soaking in 

H2So4 

 
 

Strength 
of OPC in 

N/mm2 
 

 
Strength 
of PPC in 
N/mm2 

 

0 34.36 32.52 
56 22.36 25.66 
60 17.21 20.43 

 

6: Compressive strength of cement mortar with acid curing

 

: Compressive strength vs. curing time in acid 
 

Heat resistance test 

As the temperature rises the strength considerably decreases. On experimental basis it is 
observed that OPC shows least resistance against heat as the strength decreases upto 75% 

07, June 2017 Special Issue (02) 

w w w . o i i r j . o r g                      I S S N  2 2 4 9- 9 5 9 8 
 

Page 339 

5: Compressive strength of cement mortar for Chloride test 

The effect on the compressive strength of the concrete mixtures up to 60 days is 
. It is seen that at all test ages, the compressive strength 

ves best results in the initial state when it is not 
exposed to the acid environments. In the later state the blended cements show good 
resisting properties against chemical attacks. Acid attacks concrete by dissolving and 

te, thus leaving behind a soft and weak mass. The 
H) after the Ca(OH)2  has dissolved and 

leached out. Thus there is loss of cementious nature due to deterioration of CSH because 
ressive strength is lowered by 50%, whereas better 

37% of strength is lowered. 

Strength of PSC 
in N/mm2 

 

33.58 
27.83 
24.53 

6: Compressive strength of cement mortar with acid curing 

As the temperature rises the strength considerably decreases. On experimental basis it is 
observed that OPC shows least resistance against heat as the strength decreases upto 75% 
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at 400oC. In case of PPC and PSC it falls by 60
hydrated hardened concrete contains a considerable portion of free Calcium hydroxide 
which loses its water above 400
exposed it rehydrates to Calcium Hydroxide accompanied with expansion in volume. 
This expansion disturbs concrete thus disturbing the durability. 
shows the Compressive strength of mortar at elevated temperature.
 

Sl. 
No 

Heating of 
samples  

to 
Temperat
ure in oC 

1 27 
2 50 
3 100 
4 200 
5 400 
6 600 

Table – 7: Compressive strength of mortar at elevated temperature

Fig. 5 Compressive strength of mortar at elevated temperature

IV. Conclusions: 

This study presents the results of an experimental investigation involving full scale 
durability and strength tests on the cement types by casting the mortar specimens. 
blended cements have wide range of chemical and physical properties and shows 
adequate early age and excellent later
remarkable performance in durability aspects. The specimen with blemded cement shows 
higher resistance to chemical environment than conventional OPC cement. The cost of 
blended cement is comparable lower than the pozzolana blended cement and is also eco 
friendly. The behaviours of PPC and PSC were similar in some aspects when exposed to 
acid and chloride. However, PPC showed higher strength losses than PSC. Rate of 
deterioration was higher in OPC when compared to others.
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hydrated hardened concrete contains a considerable portion of free Calcium hydroxide 
which loses its water above 400oC leaving Calcium Oxide. When this Calcium Oxide is 
exposed it rehydrates to Calcium Hydroxide accompanied with expansion in volume. 

expansion disturbs concrete thus disturbing the durability. Table 
shows the Compressive strength of mortar at elevated temperature. 

Heating of 
samples  

 

 
Compressive strength in N/mm

 OPC PPC 

Strength 
% of 
control 
strength 

Str
eng
th 

% of 
control 
strength 

Streng
th 

34.36 0 32.5 0 33.58
34.04 0.93 32.0 1.32 33.06
33.16 3.49 31.6

2 
2.77 32.86

23.81 30.7 25.2
4 

22.39 27.61
08.62 74.9 12.3 61.99 17.32
0.00 100 2.3 92.9 6.31

 
 

7: Compressive strength of mortar at elevated temperature 

 
Compressive strength of mortar at elevated temperature 

 

This study presents the results of an experimental investigation involving full scale 
durability and strength tests on the cement types by casting the mortar specimens. 
blended cements have wide range of chemical and physical properties and shows 

ate early age and excellent later-age mechanical properties. They demonstrate 
remarkable performance in durability aspects. The specimen with blemded cement shows 
higher resistance to chemical environment than conventional OPC cement. The cost of 

ement is comparable lower than the pozzolana blended cement and is also eco 
The behaviours of PPC and PSC were similar in some aspects when exposed to 

acid and chloride. However, PPC showed higher strength losses than PSC. Rate of 
as higher in OPC when compared to others. 
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50%. This phenomenon occurs as 
hydrated hardened concrete contains a considerable portion of free Calcium hydroxide 

C leaving Calcium Oxide. When this Calcium Oxide is 
exposed it rehydrates to Calcium Hydroxide accompanied with expansion in volume. 

Table – 7 and Figure - 5 
 

Compressive strength in N/mm2 

PSC 

Streng
 

% of control 
strength 

33.58 0 
33.06 1.55 
32.86 2.14 
27.61 17.78 
17.32 48.42 
6.31 81.21 

 

This study presents the results of an experimental investigation involving full scale 
durability and strength tests on the cement types by casting the mortar specimens. The 
blended cements have wide range of chemical and physical properties and shows 

age mechanical properties. They demonstrate 
remarkable performance in durability aspects. The specimen with blemded cement shows 
higher resistance to chemical environment than conventional OPC cement. The cost of 

ement is comparable lower than the pozzolana blended cement and is also eco 
The behaviours of PPC and PSC were similar in some aspects when exposed to 

acid and chloride. However, PPC showed higher strength losses than PSC. Rate of 
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