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ABSTRACT 

This paper presents the results of durability properties of M30 grade high performance concrete with industrial 
byproducts. In this study the cement and fine aggregate is partially replaced by industrial byproducts. A total of 5 different 
concrete mixes were considered in this study. The durability and non-destructive tests were conducted on 75 concrete 
cubes and 15 concrete cylinders. The test results showed that the mix having partial replacement of cement by 10% silica 
fume and 10% metakaolin with partial replacement of fine aggregate by 20% bottom ash exhibit better performance in 
terms of durability. As a result of non-destructive tests conducted before and after the durability tests the same mix exhibit 
better performance in terms of quality. The investigation shows that there is an enhancement in durability and quality of 
concrete for the mix having partial replacement of cement by 10% silica fume and 10% metakaolin with partial 
replacement of fine aggregate by 20% bottom ash. 
 
Keywords: bottom ash, durability, flies ash, metakaolin, quality, silicafume. 

 
INTRODUCTION 

Concrete is a broadly accepted construction 
material with its construction friendly properties such as 
strength, durability, adaptability and availability.Till 
recently the strength of concrete was the principal criterion 
for the performance of concrete structures. Unacceptable 
rates of deterioration of recently built concrete structures 
indicate that the strength criterion is no longer adequate to 
judge the performance of concrete. Concept of high 
performance concrete (HPC) has thus been evolved. The 
requirements of HPC include high compressive strength, 
durability requirements such as lower shrinkage and 
porosity, impermeability, resistance to chloride attacks etc. 
From material point of view, HPC become possible mainly 
due to use of chemical and mineral admixtures. Cement 
replacement materials like Silica fume, fly ash and 
metakaolin, relatively coarse sand, strong coarse 
aggregates together with admixtures and water are the 
material essentially requires to prepareHPC. 

Durability is a major concern for concrete 
structures exposed to aggressive environments. Many 
environmental phenomena like acid rain, polluted water 
etc, significantly influence the durability of concrete 
structures. When Reinforced concrete structures are 
exposed to harsh environments, deterioration of concrete 
will occur due to many reasons like chloride and sulphate 
attack, acid attack and corrosion failure etc. it is now 
recognized that strength of concrete alone is not sufficient, 
the degree of harshness of the environmental condition to 
which concrete is exposed over its entire life is equally 
important. The rate of deterioration of concrete subjected 
to chemical attack depends not only upon the nature of 
chemicals but also upon the permeability of concrete and 
passivating effects of the reaction products. Significant 
chemical processes are due to acids, salts, sulphates and 
alkalis. The advantages of using Industrial byproducts are 

less heat of hydration, improved impermeability, more 
resistance to aggressive environments.The area of research 
in the concrete is introducing partial replacement of 
cement by silica fume, fly ash and metakaolin and also 
fine aggregate by bottom ash. This paper presents 
experimental results indicates that metakaolin has the 
ability to considerly reduce the permeability of HPC. 
 
LITERATURE REVIEW 

Nabil M. Al-Akhras (2006) conducted a study to 
find the durability of concrete against sulphate attack. The 
author considered replacement of cement with Metakaolin 
at different percentages (5, 10 and 15% by weight) having 
water cement ratio of 0.5 and 0.6. After the specified days, 
the samples were immersed in 5% sodium sulphate 
solution for 18 months. The author reported that the effect 
of metakaolin addition proved to be beneficial in 
improving the resistance of concrete to sulphate attack. 
Metakaolin with water cement ratio of 0.5 exhibited better 
results in sulphate resistance than 0.6 and the autoclaved 
cured specimens had better resistance against sulphate 
than moist cured specimens. 

Muthupriya.Pet al., (2010) studied the effect of 
mineral admixtures such as silicafume, metakaolin and fly 
ash towards the performance of HPC. An effort has been 
made to focus on the mineral admixture towards their 
pozzolanic reaction, contribution towards strength 
properties, and durability studies. The compressive 
strength of HPC with mineral admixtures at the 
replacement levels of 0%, 5%, 10% and 15% were studied 
at 3 days, 7 days, 28 days, of curing. The tensile and 
flexural strength of HPC were obtained at the replacement 
levels of mineral admixtures at 28 days of curing. The 
durability studies such as permeability, acid resistance, 
alkalinity measurement and water absorption were 
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conducted. The authors concluded that, in durability point 
of view all the three mineral admixtures perform well. 

VaishaliGhorpade.G et al., (2011) conducted 
the Chloride ion permeability test as per ASTM C 1202 on 
various HPC mixes to measure the permeability values of 
HPC produced with metakaolin. Their experimental results 
indicate that metakaolin has the ability to reduce the 
permeability of high performance concrete considerably. 
The authors concluded that chloride ion permeability value 
decreased considerably with increase in metakaolin 
content from 0 to 30% thus indicating improved durability 
with increasing metakaolin content. 

Patil and Kumbhar (2012) examined the 
mechanical and durability properties of M60 grade HPC 
mixes with different percentages of metakaolin. The 
authors reported that the compressive strength achieved 
maximum value at 7.5% replacement level of metakaolin. 
Also, resistance of HPC against chloride attack and 
sulphate attack were evaluated by immersing the 
specimens in 3.5% NaCl and 5% MgSO4 solution for a 
period of 180 days and testing their compressive strength. 

Gurunaathan.K and Thirugnanam.G.S 
(2014)., conducted a study on partial replacement of 
cement by Ground Granulated Blast Furnace Slag 
(GGBS), Fly Ash (FA), Rice Husk Ash (RHA) and Silica 
Fume (SF) to improve the durability properties of 
concrete. For their study suitable admixtures to improve 
the durability characteristics and the optimum percentage 
of replacement of cement by mineral admixtures with 
various proportions have been considered. The authors 
concluded that the combination of rice husk ash and silica 
fume shows lower result than the control concrete due to 
inherent chemical reactions. The binary blended admixture 
concrete [with FA20%+SF10%] shows good resistance to 
sulphate attack, chloride attack and acid attack than the 
control concrete. 
 
EXPERIMENTAL INVESTIGATION 
 
Materials used 
 
Cement 

Ordinary Portland Cement (OPC) 43 grade 
Conforming to IS 8112 - 1989 were used. The Specific 
gravity of cement is 3.15. 
 
Fine aggregate 

Locally available river sand passing through 4.75 
mm IS Sieve were used. The Specific gravity of 2.6 and 
Fineness modulus of 3.2 were used as fine aggregate 
Conforming to Zone - III of  IS 383-1970. 
 
Coarse aggregate 

A Crushed stone aggregate with a nominal size 
20 mm with Specific gravity of 2.78 and fineness modulus 
of 7.27 were used as a coarse aggregate Conforming to IS 
383-1970. 

Water 
Potable water was used for making mixing and 

curing. 
 
Industrial byproducts 
 
Fly ash 

Fly ash is a byproduct of coal combustion. In this 
investigation class ‘C’ fly ash collected from Neyveli 
Thermal power plant was used Conforming to IS 3812-
1981. Its Specific gravity is 2. 
 
Silica fume 

Silica fume is a byproduct resulting from the 
reduction of high purity quartz with charcoal in an electric 
arc furnace during the silicon metal or ferrosilicon alloys. 
Silica fume obtained from M/s ELKEMPvt.Ltd. Mumbai, 
was named Elkem-micro silica 920 D Conforming to 
ASTM C1240. The Specific gravity of silica fume is 2.2. 
 
Metakaolin 

Metakaolin is a “dehydroxylated” form of the 
clay mineral “kaolinite”. Stone that are rich in kaolinite 
are known as china clay or kaolin, traditionally used in the 
manufacture of “porcelain”. The particle size of 
metakaolin is smaller than cement particles. Metakaolin is 
obtained from the ASTRA Chemicals, chennai. The 
appearance of Metakaolin is off White and its Specific 
gravity is 2.6.  
 
Bottom ash 

Bottom ash is one of the Industrial byproduct and 
obtained from thermal power plant at Neyveli, Tamilnadu 
in India was used in this study as replacement material for 
fine aggregates. The Specific gravity and fineness 
modulus of bottom ash was 2.35 and 2.93 Conforming to 
IS: 383 - 1970, Zone III. 
 
Superplasticizer 

Chemical admixture based on CONPLASTSP 
430 in the form of sulphonated naphthalene polymer 
complies with IS: 9103-1999 and ASTM 494 type F was 
used to improve the workability of concrete. Its Specific 
gravity is 1.22. 
 
Mix proportions of concrete 

M30 grade of concrete were used for the present 
investigation. Mix design was done based on IS 10262 - 
1982. The concrete mix proportion 1:1.73:3.2 with w/c 
0.45 considered in this study. The conventional concrete 
mix (CC) and Combinations of HPC mixes by partial 
replacement of cement and fine aggregate (M3, M7, M10 
and M11) are shown in Table-1. The volume of water is 
172.8 lit/m3 and Coarse aggregate (CA) is 1220 kg/m3 

were kept constant for all the mixes. The five mix 
proportions considered in this study are shown in Table-2. 
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Table-1. Combinations of mixes. 
 

Mix designation Mix combinations 

CC (C+S+CA) 

M3 (C+MK10%)+S+CA 

M7 (C+MK10%)+(S+BA20%)+CA 

M10 
(C+SF10%+MK10%)+(S+BA20%)

+CA 

M11 
(C+FA20%+SF10%+MK10%)+(S

+BA20%)+CA 
 

Table-2. Mix proportions of concrete quantities 
in (kg/m3). 

 

 
 
Workability of fresh concrete  

The workability was measured by conducting 
Slump cone test in accordance with IS: 1199-1959. The 
trials were carried out to improve the workability of the 
fresh concrete by incorporating a superplasticizer. The 
slump of fresh concrete range is 50-75 mm.  
 
Preparation of test specimen 

Concrete cubes and cylinders were casted for all 
five mixes. For each combination, trial mixes were carried 
out. In total 75 cubes and 15 cylinders were casted for all 
mixes. All the materials were thoroughly mixed in dry 
state by machine so as to obtain uniform colour. The 
required percentage of superplasticizer was added to the 
water calculated for the particular mix. The slump tests 
were carried out on fresh concrete for all the mixes. The 
entire test Specimens were cast using Standard steel mould 
and the concrete were compacted on a vibrating table. The 
specimens were demoulded after 24 hours and cured in 
water for 28 days.  
 
DURABILITY TESTS ON CONCRETE 
 
Saturated water absorption test  

Saturated Water Absorption (SWA) tests were 
carried out on 100 mm cube specimens at the age of 28 
curing according to ASTM C 642-06. The specimens were 
weighed before drying. The drying was carried out in a hot 
air oven at a temperature of 105ºC. The drying process 
was continued, until the difference in mass between two 

successive measurements at 24 hours interval agreed 
closely. The dried specimens were cooled at room 
temperature and then immersed in water. The specimens 
were taken out at regular intervals of time, surface dried 
using a clean cloth and weighed. This procedure was 
continued till the weights become constant (fully 
saturated). The difference between the measured water 
saturated mass and oven dried mass expressed as a 
percentage of oven dry mass gives the SWA. The water 
absorption was calculated as Percentage water absorption 
= (Ws- Wd) / Wd x 100, Where Ws = weight of specimen 
at fully saturated condition. Wd = weight of oven dried 
specimen. 
 
Acid resistance test  

The acid resistance tests were carried out on 150 
mm size cube specimens at the age of 28 days curing 
based on ASTM C 267-01. After 28 days, all the 
specimens are kept in atmosphere for 2 days for constant 
weight. The specimens were weighed and immersed in 5% 
Sulphuric acid (H2SO4) solution for 28 days. The solution 
was kept at room temperature and stirred regularly, at least 
twice a day to maintain uniformity. The solution was 
replaced at regular intervals to maintain concentration of 
solution throughout the test period. The evaluations were 
conducted after 28 days. After 28 days of immersion, the 
specimens are taken out and the surfaces were cleaned 
with a soft nylon wire brush under the running tap water to 
remove weak products and loose material from the 
surface. After drying, the change in weight and the 
compressive strengths of the specimens were found out 
and the average percentage of loss of weight and 
compressive strength were calculated. 
 
Sulphate resistance test 

The tests were conducted based on ASTM C 452-
02 test method. Concrete cubes of size 150mm were cast 
and cured for 28 days. After 28 days of curing the 
specimens were dried. Initial dry weight of the cubes was 
found. Then, the cubes were immersed in 3% Na2SO4 
Solution for 28 days. After 28 days of immersion the 
specimens were taken out and visually observed for the 
deterioration of the concrete due to sulfate attack. The 
surfaces of the cubes were cleaned. The final dry weight of 
the specimens was found. The difference in the initial dry 
weight and final dry weight of the specimen indicates the 
percentage loss in mass and also the loss of compressive 
strength were calculated. 
 
Chloride resistance test 

Concrete cubes of size 150mm were cast and 
cured for 28 days. After 28 days of curing the cubes were 
taken out and dried. Initial dry weight of the cubes was 
found. The chloride solution has been prepared by adding 
3.5 % sodium chloride (NaCl) in distilled water. This 
solution is stirred well so that the sodium chloride salts get 
dissolved in the solution. Then, the cubes were immersed 
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in a chloride solution. After 28 days the cubes were taken 
out from chloride solution. The surfaces of the cubes were 
cleaned. The final dry weight of the specimens was found. 
The differences in the initial dry weight and final dry 
weight of the specimen were found. Percentage loss in 
mass and percentage loss in compressive strength of 
concrete cubes were found. 
 
Rapid Chloride Permeability Test (RCPT) 

(AASHTO T 259 (ASTMC 1202-12) Standard 
Test Method For Electrical Indication Of Concrete’s 
Ability To Resist Chloride Ion Penetration.) 

This test method consists of monitoring the 
amount of electrical current passed through 50mm thick 
slices of 100 mm nominal diameter cylinders during a 6 
hour period. After 28 days curing specimens were used. 
The cells are made up of poly (methyl methacrylate). The 
concrete sample and clamp the two halves of the test cell 
together to seal.  

A potential difference of 60 V dc is maintained 
across the ends of the specimen. Fill the one side of the 
specimen with 3.0% Sodium Chloride (NaCl) solution 
which will be connected to the negative terminal of the 
power supply. Fill the other side of the cell which will be 
connected to the positive terminal of the power supply 
with 0.3 N Sodium Hydroxide (NaOH) Solution. Attach 
lead wires to cell posts. Make electrical connections to 
voltage application and data read out apparatus as 
appropriate. Turn power supply on, set to 60 V, and record 
initial current reading. Read and record current at least 
every 30 min. If a voltmeter is being used in combination 
with a shunt resistor for the current reading to convert 
voltage reading to amperes. Each half of the test cell must 
remain filled with the appropriate solution for the entire 
period of the test. The total charge passed in coulombs, 
has been found to be related to the resistance of the 
concrete specimen to chloride ion penetration. If the 
current is recorded at 30 min intervals, The following 
formula, based on the trapezoidal standard can be used to 
calculate the average current flowing through one cell. 
 
Q= 900(I0+2I30+2I60+2I90+2I120+…+2I300+2I330+I360) 
 
Where 
Q = current flowing through one cell (coulombs) 
I0 = Current reading in amperes immediately after 

voltage is applied, and 
It = Current reading in amperes at t minutes after 

voltage is applied 

Qualitative indications of the chloride ion 
penetrability based on the measured values from this test 
method are provided in Table-1 according to ASTM 
C1202 
 
NON DESTRUCTIVE TESTING OF CONCRETE 
(NDT) 

In the non destructive method of testing the 
Specimen are not loaded to failure. The quality of the 
concrete was to be evaluated by performing Non-
destructive Testing. These tests were conducted on 150 
mm concrete cubes. In order to assess the quality of 
concrete, the present method of durability assessment is 
designed for CC, M3, M7, M10 and M11 concrete testing 
were  

(i) Rebound Hammer test as per IS: 13311 (Part 
2)  

(ii) Ultrasonic Pulse Velocity test as per IS: 
13311 (Part 1).  
 
Rebound hammer method 

This method is explained in IS: 13311 
(part2):1992. Three cubes were prepared from each mixes 
The Rebound Hammer were applied through 16 readings 
on each faces of the cubes were noted and the average of 
Rebound Hammer Number (RHN) were recorded. The 
results shown in Figure 9 and 11. 
 
Ultrasonic Pulse Velocity (UPV)  

The quality of concrete was assessed using the 
guidelines given in Table-2 of IS 13311 (Part 1):1992, 
which involves measurement of the time of travel of 
electronically generated mechanical pulses through the 
concrete. The direct transmission method is preferred 
since the maximum energy of the pulse is being directed at 
the receiving transducer and this gives maximum 
sensitivity. The results shown in Figure 10 and 12. 
 
RESULTS AND DISCUSSIONS 
 
Saturated water absorption test 

The results of saturated water absorption tests are 
shown in Table-4. The percentage water absorption in CC, 
M3, M7, M10 and M11 were 2.10%, 0.94%, 0.90%, 
0.86% and 1.28% respectively. With respect to mix CC 
the mix M10 resulted in 0.86% water absorption. Here it 
can be observed that the concrete which contains M10 
(10%SF+10%MK+20%BA) absorb less water since it is a 
hard material. The Figure-1 shows the percentage of water 
absorption in different concrete mixes. 
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Table-3. Results of Saturated Water Absorption Test. 
 

Mix 
Wet Weight W1 

(kg) 
Dry weight 

W2 (kg) 
% Water absorption 

Average % Water 
Absorption 24 hrs 

 
CC 

8.30 8.48 2.17 

2.10 8.62 8.80 2.09 

8.70 8.88 2.05 

 
M3 

8.63 8.71 0.99 

0.94 8.72 8.80 0.92 

8.54 8.62 0.91 

 
M7 

8.56 8.64 0.93 

0.90 8.48 8.56 0.94 

8.50 8.57 0.82 

 
M10 

8.62 8.69 0.81 

0.86 8.58 8.65 0.82 

8.44 8.52 0.96 

 
M11 

8.24 8.35 1.37 

1.28 8.47 8.56 1.06 

8.36 8.48 1.41 
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Figure-1. Percentage of water absorption in different 
concrete mixes. 

 
 
 

Acid resistance test results 
The test results of percentage mass loss were 

1.57%, 0.87%, 0.86%, 0.66% and 0.91% for CC, M3, M7, 
M10 and M11 concrete respectively. The loss of 
compressive strength for CC, M3, M7, M10 and M11 
were 6.44%, 3.58%, 3.29%, 2.62% and 4.57%.The results 
indicated that the combination of 
M10(10%SF+10%MK+20%BA) concrete subjected to 
excellent acid attack in 5% sulphuric acid solution and the 
best of other combination of concrete because the mass 
loss were 0.66% and also strength loss were very less 
2.62% compared to CC. The results of acid resistance test 
and percentage mass loss are shown in Table-4 and 
Figure-2. The test results of compressive strength 
conducted after acid resistance test is shown in Table 5 
and Figure-3. 
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Table-4. Results of acid resistance test. 
 

Mix 
Weight before 

immersion in acid (kg) 
Weight after 

immersion in acid (kg) 
%loss in 

mass 
Average %loss in 

mass 

 
CC 

8.74 8.63 1.26 

1.57 8.68 8.51 1.96 

8.56 8.44 1.51 

 
M3 

8.76 8.69 0.88 

0.87 8.61 8.54 0.81 

8.57 8.49 0.91 

 
M7 

8.51 8.43 0.88 

0.86 8.45 8.38 0.83 

8.26 8.19 0.87 

 
M10 

8.57 8.52 0.63 

0.66 8.62 8.56 0.70 

8.48 8.42 0.66 

 
M11 

8.38 8.30 0.98 

0.91 8.42 8.35 0.83 

8.17 8.10 0.92 
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Figure-2. Percentage mass loss of concrete. 
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Table-5. Loss of compressive strength. 
 

Mix 
Before immersion 
strength (N/mm2) 

After immersion 
strength 
(N/mm2) 

% loss in 
compressive strength 

Average % loss in 
compressive strength 

(N/mm2) 

 
CC 

36.31 33.87 6.73 

6.44 36.89 34.62 6.14 

36.62 34.27 6.43 

 
M3 

41.02 39.51 3.68 

3.58 41.33 39.78 3.76 

41.69 40.31 3.30 

 
M7 

42.04 40.67 3.28 

3.29 42.31 40.93 3.26 

44.04 42.58 3.33 

 
M10 

43.96 42.71 2.83 

2.62 44.09 43.02 2.42 

46.04 44.84 2.61 

 
M11 

38.98 37.16 4.68 

4.57 39.64 37.73 4.82 

41.02 39.29 4.23 
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Figure-3. Percentage loss in compressive strength. 
 
Sulfateresistance test 

The resulted values of percentage mass loss were 
1.228%, 0.761%, 0.655%, 0.575% and 0.883% and 
percentage loss in strength were 5.183%, 3.726%, 3.323%, 
2.871% and 4.156% for CC, M3, M7, M10 and M11 
concrete mix respectively.The results indicated that the 
combination of M10(10%SF+10%MK+20%BA) concrete  
subjected to excellent sulfate resistance in 3% sulfate 
solution and it is the best of other combinations of 

concrete because the mass loss were 0.575% and also 
strength loss were very less 2.871% compared to CC. The 
results of sulphate resistance test and percentage mass loss 
are shown in Table-6 and Figure-4. The test results of 
compressive strength conducted after sulphate resistance 
test is shown in Table-7 and Figure-5. 
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Figure-4. Percentage mass loss of concrete. 
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Table-6. Results of sulfate resistance test. 
 

 
Mix 

Weight Before 
immersion in acid (kg) 

Weight after 
immersion in acid (kg) 

% loss in 
mass 

Average % loss in 
mass 

 
CC 

8.416 8.315 1.200 

1.228 8.685 8.572 1.301 

8.870 8.765 1.184 

 
M3 

8.305 8.240 0.783 

0.761 8.563 8.497 0.771 

8.652 8.589 0.728 

 
M7 

8.730 8.675 0.630 

0.655 8.682 8.623 0.680 

8.407 8.352 0.654 

 
M10 

8.374 8.326 0.570 

0.575 8.415 8.365 0.594 

8.722 8.673 0.562 

 
M11 

8.205 8.132 0.890 

0.883 8.487 8.412 0.884 

8.561 8.486 0.876 

 
Table-7. Loss of compressive strength. 

 

Mix 
Before 

immersion 
strength 

After immersion 
strength 

%loss of 
compressive strength 

Average %loss in 
compressive strength 

CC 

36.31 34.22 5.75 

5.183 36.89 35.16 4.70 

36.62 34.76 5.10 

M3 

41.02 39.51 3.68 

3.726 41.33 39.87 3.55 

41.69 40.04 3.94 

M7 

42.04 40.53 3.59 

3.323 42.31 41.02 3.05 

44.04 42.58 3.33 

M10 

43.96 42.98 2.22 

2.871 44.09 42.89 2.72 

46.04 44.36 3.67 

M11 

38.98 37.42 3.99 

4.156 39.64 38.04 4.04 

41.02 39.20 4.44 
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Figure-5. Percentage loss in strength. 
 
Chloride Resistance Test 

The resulted values of percentage mass loss was 
1.352% ,0.718% ,0.708% ,0.63% and 0.837% and 
percentage loss in compressive strength was 7.203%, 
5.124%, 4.324%, 3.774% and 5.649% for CC, M3, M7, 
M10 and M11 concrete mix respectively. The results 
indicated that the combination of 
M10(10%SF+10%MK+20%BA) concrete subjected to 
excellent chloride resistance in 3.5% chloride solution and 

it is the best of other combinations of concrete because the 
mass loss were 0.631% and also strength loss were very 
less 3.774% compared to CC. The results of chloride 
resistance test and percentage mass loss are shown in 
Table-8 and Figure-6. The test results of compressive 
strength conducted after chloride resistance test is shown 
in Table-9 and Figure-7. 
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Figure-6. Percentage mass loss of concrete. 

 
Table-8. Results of chloride resistance test. 

 

Mix 
Weight Before 

immersion in acid (kg) 
Weight after 

immersion in acid (kg) 
% loss in 

mass 
Average % loss in 

mass 

 
CC 

8.845 8.741 1.176 

1.352 8.832 8.693 1.574 

8.564 8.452 1.308 

 
M3 

8.341 8.285 0.671 

0.718 8.420 8.354 0.784 

8.570 8.510 0.700 

 
M7 

8.804 8.745 0.670 

0.708 8.523 8.462 0.716 

8.261 8.200 0.738 

 
M10 

8.495 8.445 0.589 

0.631 8.369 8.312 0.681 

8.522 8.469 0.622 

 
M11 

7.878 7.812 0.838 

0.837 8.256 8.189 0.812 

8.347 8.275 0.863 
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Table-9. Loss of compressive strength. 
 

Mix 
Before 

immersion 
strength 

After immersion 
strength 

%loss of 
compressive strength 

Average %loss in 
compressive strength 

CC 

36.31 33.73 7.10 

7.203 36.89 34.22 7.23 

36.62 33.96 7.28 

M3 

41.02 38.89 5.20 

5.124 41.33 39.29 4.95 

41.69 39.51 5.22 

M7 

42.04 40.22 4.33 

4.324 42.31 40.58 4.10 

44.04 42.04 4.54 

M10 

43.96 42.31 3.74 

3.774 44.09 42.53 3.53 

46.04 44.18 4.05 

M11 

38.98 36.76 5.70 

5.649 39.64 37.33 5.83 

41.02 38.80 5.42 
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Figure-7. Percentage mass loss of strength. 
 

Rapid Chloride Permeability Test (RCPT) 
The Chloride penetration in CC, M1, M3, M7, 

M10 and M1 were 2228.85 coulombs, 589.95 coulombs, 
733.5 coulombs, 479.25 coulombs and 1480.5 coulombs. 
Comparing all the mixes, the chloride penetration is very 
low in M10 (10%SF+10%MK+20%BA) 479.25 coulombs 
in the concrete indicating lesser permeability in concrete 
as per standards. The important observation is that 
addition of silica fume and metakaolin definitely reduces 
the pores of concrete and makes the concrete 
impermeable. The test results of chloride ion permeability 
are shown in Table-10 and Figure-8. 

 
Table-10. Results of rapid chloride ion permeability test. 

 

Mix 
Charge 

passed in 
coulombs 

As per ASTM C 
1202 - Chloride ion 

penetrability 

CC 2228.85 Moderate 

M3(10%MK) 589.95 Very low 

M7(10%MK+20%BA) 733.5 Very low 

M10(10%SF+10%MK+10%BA) 479.25 Very low 

M11(20%FA+10%SF+10%MK+20%BA) 1480.5 Low 
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Figure-8.Total charge passed in different concrete mixes. 
 
Rebound Hammer Test before and after acid  
immersion 

The RH values CC, M3, M7, M10 and M11 
concrete mixes. M10 seems to be superior than others. The 
average RH in M10 is 41 higher than that of CC 33.8 
before immersion. The average RH values in M10 are 37 
and CC 28 after immersion. The quality of concrete is very 
good with hard layer as per IS 13311, (1992) part-1. 
 
UPV Test before and after acid immersion 

The UPV values CC, M3, M7, M10 and M11 
concrete mixes. M10 seems to be superior than others. The 
average pulse velocity in M10 is 4433.75 m/s higher than 
that of CC 4145.62 m/s before immersion. The average 
UPV values in M10 are 3755.06 m/s and CC 3557.5 m/s 
after immersion. The quality of concrete is very good with 
hard layer as per IS 13311, (1992) part-2. 
 

 
 

Figure-9. Rebound number before and after 
acid immersion. 

 

 
 

Figure-10.UPV of Specimen before and After Acid 
Immersion. 

 
Rebound Hammer Test before and after sulfate 
immersion 

The RH values CC, M3, M7, M10 and M11 
concrete mixes. M10 seems to be superior than others. The 
average RH in M10 is 39 higher than that of CC 31 before 
immersion. The average RH values in M10 are 37 and CC 
26 after immersion. The quality of concrete is good with 
hard layer as per IS 13311, (1992) part-1. 
 
UPV Test before and after sulfate immersion 

The UPV values CC, M3, M7, M10 & M11 
concrete mixes. M10 seems to be superior than others. The 
average pulse velocity in M10 is 4075.31 m/s higher than 
that of CC 3705 m/s before immersion. The average UPV 
values in M10 are 3681.68 m/s and CC 3557 m/s after 
immersion. The quality of concrete is very good with hard 
layer as per IS 13311, (1992) part-2. 
 

 
 

Figure-11. Rebound number before and after 
sulfate immersion. 
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Figure-12. UPV of specimen before and after 
sulfate immersion. 

 
CONCLUSIONS 

By the addition of silica fume and fly ash the 
workability of the mix was improved but addition of 
metakaolin resulted in lower workability. 

Saturated water absorption test indicates that 
water absorption which shows the better durability of M10 
concrete mixes. 

The Combination of Silica fume and Metakaolin 
concrete shows better resistance against the acid attack. By 
Comparing the compressive strength at 28 days acid 
exposure the rate of strength loss were minimum of M10 
concrete mix and compared to the control mix. 

Sulfate Resistance Test and Chloride Resistance 
Test, the strength loss percentage were reduced by the 
addition of Industrial Byproducts. The rate of strength loss 
were minimum of M10 concrete mix and better durability 
compared to the control mix. 

The results from Rapid Chloride Permeability test 
based on ASTM C 1202. All the mixes have very low 
permeability and M10 concrete mix have low permeability 
but the durability was enhanced by the addition of 
Industrial byproducts compared to Control mix. 
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