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Abstract— Concrete is most widely used construction material 

for sewer structures. The objective of this experimental study 

is to find out behaviour of the polymer modified silica fume 

concrete subjected to sulphate attack with varying percentages 

of polymer in it.The polymer modified silica fume concrete is 

subjected to magnesium sulphate media of 5%.Varying 

percentages of polymer studied are 

0%,1%,1.5%,2%,2.5%,3%.The design mix for M20 is 

calculated and specimens casted. After curing specimens are 

immersed in sulphate media for duration of 60 days.The 

percentage of weight loss in specimens is calculated.The 

compressive,tensile and flexural tests are carried out. The 

percentage loss in strength due to sulphate attack on polymer 

modified silica fume concrete is analysed. It is observed that 

compressive strength, tensile strength and flexural strength of  

polymer modified silica fume concrete subjected to sulphate 

attack  goes on increasing upto 1.5% polymer in it. Afterwards 

strength decreases. Hence it can be concluded that 1.5% 

addition of polymer into polymer modified silica fume 

concrete can resist sulphate attack in a better way. As polymer 

is added to the concrete the fluidity of concrete goes on 

increasing and hence concrete cannot achieve full strength 

beyond optimum percentage of polymer 

Keywords— Polymer modified silica fume concrete, SBR Latex 

polymer, silica fume, sulphate attack 

1.INTRODUCTION

As demand for construction in harsh environments 

increases so does the concern for long service lives of these 

structures.concrete is most widely used construction 

material forsewer structures.The environment in 

somesewer structures can become very acidic due to 

formation of sulphuric acid converted from hydrogen 

sulphide by bacterial action. It is known that porosity of 

cement paste is important parameter that defines 

mechanical properties and durability of material in the 

hardened stage. The densest packing of complete mixture 

made of aggregates and binder can lead to high density. 

Acids will disintegrate concrete depending upon type and 

concentration of acid. At pH value below 4.5 the attack is 

very severe.As attack proceeds, all cement compounds are 

eventually broken down and leached away, together with 

any carbonate aggregate material. with sulphuric acid 

attack, calcium sulphate formed can proceed to react with 

calcium aluminate phase in cement to form calcium 

sulphoaluminate, which on crystallization can cause 

expansion and disruption of concrete. If acid solutions  
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reach reinforcing steel through cracks, corrosion can occur 

which will cause cracking.Therefore research on evaluation 

of acid resistance of normal concretes is attractive. 

2.MATERIALS

2.1 Cement: Ordinary Portland cement of 43-grade was 

tested as per IS-8112-1989.The specific gravity was found 

to be 2.84 

2.2 Fine aggregate: Locally available river sand has been 

used having specific gravity 2.54, fineness modulus of 2.64 

and water absorption 1.15 percentage. 

2.3 Coarse aggregate: Crushed metal having specific 

gravity 2.71, fineness modulus 7.56 and water absorption 

0.5 percentage was used. 

2.4 Superplasticizer:To induce workability Conplast SP 

430 Super plasticizer was used. It was used at rate of 

1%(by weight of cement). It has specific gravity of 1.220 

to 1.225 at 300C. 

2.5 Silica fume: Silica fume was obtained from Corniche 

India Pvt Ltd, Navi Mumbai, India 

Table 1: Properties of silica fume 
Item ASTM-C-1240 Actual 

Analysis 

SiO2 85%min 87.20% 

LoI 6%max 2.50% 

Moisture 3%max 0.70% 

Pozz activity 
index 

105%min 129% 

Specific surface 

area 

>15m2/gm 22m2/gm 

Bulk density 550 to 700 600 

+45microns 10% max 0.70% 

2.6 Polymer:The polymer used in experimentation was 

Styrene Butadiene Rubber Latex. 

Table 2:Properties of Styrene Butadiene Rubber Latex 
Typical properties 

Physical state Milky white liquid 

Total solids(by weight of 
polymer) 

40% 

Specific gravity 1.01 

pH 10.5 

Mean particle size 0.17 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV10IS030224
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 10 Issue 03, March-2021

449

www.ijert.org
www.ijert.org
www.ijert.org


3. CASTING OF SPECIMENS AND TESTING 

PROCEDURE 

Cement, sand and aggregate were taken in a mix proportion 

1:1.3:3.09, which correspond to M20 grade of 

concrete.10% of cement is replaced by silica fume in all the 

mixes.All the ingredients were dry mixed homogeneously. 

To this dry mix, required quantity of water was 

added(w/c=0.47) and homogeneously mixed. Now 

superplasticizer was added at dosage of 1%. At this stage 

required quantity of SBR latex polymer was added and 

again a homogeneous mix was prepared. This wet concrete 

was poured into moulds which were kept on vibrating 

table.After compaction specimen were given smooth 

finishes. After 24hours specimens were demoulded and 

were allowed to cure for 28 days. 

Some specimens remained in curing tank upto 60 

days.Before immersion they were weighed accurately. The 

samples were then immersed in 5% magnesium sulphate 

solution for a period of 2 months. After 2 months of 

immersion specimens were washed and weighed. Then 

they were tested for their respective strengths 

 

4. RESULTS AND DISCUSSIONS 

 

Table 3: Overall test results of compressive strength of 

cubes subjected to magnesium sulphate and without 

subjecting to sulphate attack 
% of 

polyme
r 

Subjected to magnesium 

sulphate attack  

Without subjecting to 

magnesium sulphate attack 

Compres
sive 

strength 

(N/mm2) 

% variation in 
strength as 

compared to 

reference mix 

Compressi
ve 

strength(N/

mm2) 

% variation in 
strength as 

compared to 

reference mix 

0  

Refere

nce 

mix) 

31  31.3  

0.5 32.33 4 32.56 4 

1.0 33.59 8 34.53 10 

1.5 35.67 15 36.85 18 

2.0 34.78 12 35.5 13 

2.5 33.1 8 34.08 9 

3.0 32.18 4 33.01 5 

 

 
Fig 1: Variation of compressive strength when subjected to magnesium 

sulphate attack 

 

 

 

 

 

Table 4: Overall test results of tensile strength of cylinders 

when subjected to magnesium sulphate attack 
 

% of 

polym
er 

Subjected to magnesium 

sulphate attack 

Without subjecting to 

magnesium sulphate attack 

Tensile 

strength 

(N/mm2) 

% variation in 

strength as 

compared to 
reference mix 

Tensile 

strengt

h(N/m
m2) 

% variation in 

strength as 

compared to 
reference mix 

0  
(Refer

ence 

mix) 

2  2.07  

0.5 2.12 6 2.21 7 

1.0 2.18 9 2.25 9 

1.5 2.33 17 2.41 15 

2.0 2.18 9 2.19 6 

2.5 1.98 -1 2.01 -3 

3.0 1.89 -6 1.91 -8 

 

 
 

Fig 2: Variation of tensile strength when subjected to magnesium 

sulphate attack 
 

 

Table 5: Overall test results of flexural strength of beams 

when subjected to magnesium sulphate attack 
 

% of 

polymer 

Subjected to magnesium 

sulphate attack 

Without subjecting to 

magnesium sulphate attack 

Flexuralstr

ength 
(N/mm2) 

% variation in 

strength as 
compared to 

reference mix 

Flexural 

strength(N/
mm2) 

% variation in 

strengthas compared 
to reference mix 

0  

(Referenc

e mix) 

3.6  3.65  

0.5 3.72 3 3.8 4 

1.0 3.76 4 3.85 5 

1.5 3.9 8 4.1 12 

2.0 3.81 6 3.9 7 

2.5 3.53 -2 3.67 1 

3.0 3.4 -6 3.52 -4 
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Fig 3: Variation of flexural strength when subjected to magnesium 

sulphate attack 

 

Table 6: Workability test results of  polymer modified silica 

fume concrete. 
%of polymer Compaction factor Slump in 

(mm) 

Vee Bee Degree 

(seconds) 

0 0.915 28 16 

0.5 0.915 29 16 

1.0 0.919 29 15 

1.5 0.924 29 15 

2.0 0.920 28 14 

2.5 0.912 28 13 

3.0 0.904 27 12 

It is observed that the compressive strength ,tensile strength 

and flexural strength of  polymer modified silica fume 

concrete subjected to 5% magnesium sulphate attack goes 

on increasing upto 1.5% polymer in it, afterwards the 

strength decreases. It is observed that the density of 

concrete is maximum at 1.5% addition of polymer.  At 

1.5% addition of polymer the polymer modified silica fume 

concrete indicates an increase of 15%compressive strength 

with respect to reference mix(0% polymer). At 1.5% 

addition of polymer the polymer modified silica fume 

concrete indicates an increase of 17% in tensile strength 

with respect to reference mix (0%polymer). At 1.5% 

addition of polymer the polymer modified silica fume 

concrete indicates an increase of 8% in flexural strength 

with respect to reference mix(0% polymer). 

 This may be due to fact that addition of 1.5% 

polymer into polymer modified silica fume concrete may 

result in higher workability and may be able to fill up all 

the pores of concrete resulting in denser concrete which 

will not allow sulphate media to penetrate. 

 It is observed that polymer modified silica fume 

concrete subjected to magnesium sulphate attack show 

lesser compressive strength ,tensile strength and flexural 

strength when compared to polymer modified silica fume 

concrete without subjected to sulphate attack. This is true 

for all percentage addition of polymer into polymer 

modified silica fume concrete.  

 

5. CONCLUSIONS 

• 1.5% addition of polymer into polymer modified 

silica fume concrete can resist the sulphate attack 

in a better way. 

• As polymer is added to the concrete the fluidity of 

concrete goes on increasing and hence the 

concrete cannot achieve full strength beyond the 

optimum percentage of polymer. 

• By adding silica fume and styrene butadiene 

rubber latex polymer the resistance property to 

magnesium sulphate attack is enhanced in 

comparison to control concrete. 
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I. PREPARE YOUR PAPER BEFORE STYLING 

Before you begin to format your paper, first write and 
save the content as a separate text file. Keep your text and 
graphic files separate until after the text has been formatted 
and styled. Do not use hard tabs, and limit use of hard 
returns to only one return at the end of a paragraph. Do not 
add any kind of pagination anywhere in the paper. Do not 
number text heads-the template will do that for you. 

Finally, complete content and organizational editing 
before formatting. Please take note of the following items 
when proofreading spelling and grammar: 

A. Abbreviations and Acronyms 

Define abbreviations and acronyms the first time they 
are used in the text, even after they have been defined in the 
abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, 
dc, and rms do not have to be defined. Do not use 
abbreviations in the title or heads unless they are 
unavoidable. 
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B. Units 

• Use either SI (MKS) or CGS as primary units. (SI units 
are encouraged.) English units may be used as 
secondary units (in parentheses). An exception would 
be the use of English units as identifiers in trade, such 
as “3.5-inch disk drive.” 

• Avoid combining SI and CGS units, such as current in 
amperes and magnetic field in oersteds. This often 
leads to confusion because equations do not balance 
dimensionally. If you must use mixed units, clearly 
state the units for each quantity that you use in an 
equation. 

• Do not mix complete spellings and abbreviations of 
units: “Wb/m2” or “webers per square meter,” not 
“webers/m2.” Spell units when they appear in text: 
“...a few henries,” not “...a few H.” 

• Use a zero before decimal points: “0.25,” not “.25.” 
Use “cm3,” not “cc.” (bullet list) 

C. Equations 

The equations are an exception to the prescribed 
specifications of this template. You will need to determine 
whether or not your equation should be typed using either the 
Times New Roman or the Symbol font (please no other font). 
To create multileveled equations, it may be necessary to treat 
the equation as a graphic and insert it into the text after your 
paper is styled. 

Number equations consecutively. Equation numbers, 
within parentheses, are to position flush right, as in (1), using 
a right tab stop. To make your equations more compact, you 
may use the solidus ( / ), the exp function, or appropriate 
exponents. Italicize Roman symbols for quantities and 
variables, but not Greek symbols. Use a long dash rather than 
a hyphen for a minus sign. Punctuate equations with commas 
or periods when they are part of a sentence, as in 

 a b       

Note that the equation is centered using a center tab stop. 
Be sure that the symbols in your equation have been defined 
before or immediately following the equation. Use “(1),” not 
“Eq. (1)” or “equation (1),” except at the beginning of a 
sentence: “Equation (1) is ...” 

D. Some Common Mistakes 

• The word “data” is plural, not singular. 

• The subscript for the permeability of vacuum 0, and 
other common scientific constants, is zero with 
subscript formatting, not a lowercase letter “o.” 

• In American English, commas, semi-/colons, periods, 
question and exclamation marks are located within 
quotation marks only when a complete thought or 

name is cited, such as a title or full quotation. When 
quotation marks are used, instead of a bold or italic 

typeface, to highlight a word or phrase, punctuation 
should appear outside of the quotation marks. A 
parenthetical phrase or statement at the end of a 
sentence is punctuated outside of the closing 
parenthesis (like this). (A parenthetical sentence is 
punctuated within the parentheses.) 

• A graph within a graph is an “inset,” not an “insert.” 
The word alternatively is preferred to the word 
“alternately” (unless you really mean something that 
alternates). 

• Do not use the word “essentially” to mean 
“approximately” or “effectively.” 

• In your paper title, if the words “that uses” can 
accurately replace the word using, capitalize the “u”; if 
not, keep using lower-cased. 

• Be aware of the different meanings of the homophones 
“affect” and “effect,” “complement” and 
“compliment,” “discreet” and “discrete,” “principal” 
and “principle.” 

• Do not confuse “imply” and “infer.” 

• The prefix “non” is not a word; it should be joined to 
the word it modifies, usually without a hyphen. 

• There is no period after the “et” in the Latin 
abbreviation “et al.” 

• The abbreviation “i.e.” means “that is,” and the 
abbreviation “e.g.” means “for example.” 

An excellent style manual for science writers is [7]. 

II. USING THE TEMPLATE 

After the text edit has been completed, the paper is ready 
for the template. Duplicate the template file by using the Save 
As command, and use the naming convention prescribed by 
your conference for the name of your paper. In this newly 
created file, highlight all of the contents and import your 
prepared text file. You are now ready to style your paper; use 
the scroll down window on the left of the MS Word 
Formatting toolbar. 

A. Authors and Affiliations 

The template is designed so that author affiliations are not 
repeated each time for multiple authors of the same affiliation. 
Please keep your affiliations as succinct as possible (for 
example, do not differentiate among departments of the same 
organization). This template was designed for two affiliations. 

1) For author/s of only one affiliation (Heading 3): To 

change the default, adjust the template as follows. 

a) Selection (Heading 4): Highlight all author and 

affiliation lines. 

b) Change number of columns: Select the Columns 

icon from the MS Word Standard toolbar and then select “1 

Column” from the selection palette. 

c) Deletion: Delete the author and affiliation lines for 

the second affiliation. 

2) For author/s of more than two affiliations: To change 

the default, adjust the template as follows. 

Identify applicable sponsor/s here. If no sponsors, delete 

this text box (sponsors). 
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a) Selection: Highlight all author and affiliation lines. 

b) Change number of columns: Select the “Columns” 

icon from the MS Word Standard toolbar and then select “1 

Column” from the selection palette. 

c) Highlight author and affiliation lines of affiliation 1 

and copy this selection. 

d) Formatting: Insert one hard return immediately after 

the last character of the last affiliation line. Then paste down 

the copy of affiliation 1. Repeat as necessary for each 

additional affiliation. 

e) Reassign number of columns: Place your cursor to 

the right of the last character of the last affiliation line of an 

even numbered affiliation (e.g., if there are five affiliations, 

place your cursor at end of fourth affiliation). Drag the cursor 

up to highlight all of the above author and affiliation lines. 

Go to Column icon and select “2 Columns”. If you have an 

odd number of affiliations, the final affiliation will be 

centered on the page; all previous will be in two columns. 

B. Identify the Headings 

Headings, or heads, are organizational devices that guide 
the reader through your paper. There are two types: 
component heads and text heads. 

Component heads identify the different components of 
your paper and are not topically subordinate to each other. 
Examples include ACKNOWLEDGMENTS and 
REFERENCES, and for these, the correct style to use is 
“Heading 5.” Use “figure caption” for your Figure captions, 
and “table head” for your table title. Run-in heads, such as 
“Abstract,” will require you to apply a style (in this case, 
italic) in addition to the style provided by the drop down menu 
to differentiate the head from the text. 

Text heads organize the topics on a relational, hierarchical 
basis. For example, the paper title is the primary text head 
because all subsequent material relates and elaborates on this 
one topic. If there are two or more sub-topics, the next level 
head (uppercase Roman numerals) should be used and, 
conversely, if there are not at least two sub-topics, then no 
subheads should be introduced. Styles named “Heading 1,” 
“Heading 2,” “Heading 3,” and “Heading 4” are prescribed. 

C. Figures and Tables 

1) Positioning Figures and Tables: Place figures and 

tables at the top and bottom of columns. Avoid placing them 

in the middle of columns. Large figures and tables may span 

across both columns. Figure captions should be below the 

figures; table heads should appear above the tables. Insert 

figures and tables after they are cited in the text. Use the 

abbreviation “Fig. 1,” even at the beginning of a sentence. 

 

 

 

 

 

 

 

 

TABLE I.  TABLE STYLES 

Table 

Head 

Table Column Head 

Table column subhead 
Subhea

d 

Subhea

d 

copy More table copya   

a. Sample of a Table footnote. (Table footnote) 

b.  

Fig. 1. Example of a figure caption. (figure caption) 

Figure Labels: Use 8 point Times New Roman for Figure 
labels. Use words rather than symbols or abbreviations when 
writing Figure axis labels to avoid confusing the reader. As an 
example, write the quantity “Magnetization,” or 
“Magnetization, M,” not just “M.” If including units in the 
label, present them within parentheses. Do not label axes only 
with units. In the example, write “Magnetization (A/m)” or 
“Magnetization (A ( m(1),” not just “A/m.” Do not label axes 
with a ratio of quantities and units. For example, write 
“Temperature (K),” not “Temperature/K.” 

ACKNOWLEDGMENT (Heading 5) 

The preferred spelling of the word “acknowledgment” in 
America is without an “e” after the “g.” Avoid the stilted 
expression “one of us (R. B. G.) thanks ...”.  Instead, try “R. 
B. G. thanks...”. Put sponsor acknowledgments in the 
unnumbered footnote on the first page. 

 

REFERENCES 

The template will number citations consecutively within 
brackets [1]. The sentence punctuation follows the bracket [2]. 
Refer simply to the reference number, as in [3]—do not use 
“Ref. [3]” or “reference [3]” except at the beginning of a 
sentence: “Reference [3] was the first ...” 

Number footnotes separately in superscripts. Place the 
actual footnote at the bottom of the column in which it was 
cited. Do not put footnotes in the reference list. Use letters for 
table footnotes. 

Unless there are six authors or more give all authors’ 
names; do not use “et al.”. Papers that have not been 
published, even if they have been submitted for publication, 
should be cited as “unpublished” [4]. Papers that have been 
accepted for publication should be cited as “in press” [5]. 
Capitalize only the first word in a paper title, except for proper 
nouns and element symbols. 

For papers published in translation journals, please give 
the English citation first, followed by the original foreign-
language citation [6]. 
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We suggest that you use a text box to insert a graphic 
(which is ideally a 300 dpi resolution TIFF or EPS file with 
all fonts embedded) because this method is somewhat more 
stable than directly inserting a picture. 

To have non-visible rules on your frame, use the 
MSWord “Format” pull-down menu, select Text Box > 
Colors and Lines to choose No Fill and No Line. 
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