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Abstract
The basic philosophy in the construction of every structure is it should perform its intended functions successfully through the
expected and anticipated life time, irrespective of external exposure conditions. The ability of the concrete is to resist and withstand
any environmental conditions that may result in early failure or severe damages and it is a major concern to the engineering
professional. Out of all the deteriorating agents acid attack is one of the phenomena that plays a vital role in disintegrating concrete
structures depending on the type and concentration of the acid. Certain acids are harmless. The present investigation focused on the

effect of H, So, and HCL on High Srength Salf Compacting Concrete.

Keywords: Sdf Compacting Concrete, Durability, deterioration, Compressive strength, viscosity modifying agent,

Workability

* %%

1. INTRODUCTION

If we go through the annals of concrete histomeiteals that
for a long time concrete was believed to be veryabie
material requiring a little or no maintenance te targe extent
the assumption may be true except when it is expdee
highly aggressive environment. The impression tuatcrete
is very durable material is being threatened bexate
structures constructed in highly polluted urbad ardustrial
areas, aggressive marine environments, harmfuseillwvater
in coastal areas and many other hostile conditamesbeing
deteriorated, hence the longevity of these stresturs
reduced. In the past, earlier to 1930 the strermfthithe
concrete was only considered in the concrete migigde
procedure, since it was believed that strengtimefconcrete is
an all pervading factor for all other desirable peuies of
concrete.

This paper throws light on durability of high stgth self
compacting concrete. It is believed that it is venuch
appropriate to discuss the strength and durabiitgtionship,
impact of water/cement ratio, permeability on diligb of
concrete.

2. SELF COMPACTING CONCRETE (SCC)

The exponential growth of population, rapid indiadization
and increasing urbanization has tremendously erdthrtice
demand for infrastructure. In the process of comatodf
infrastructure the role of concrete has become signyificant.

Concrete was found to be one of the essential and

indispensable materials to fulfill the need of domstion
industry. The flexibility, suitability and adoptdiby of the
concrete have increased its utility at every stagfe
construction of structures. The strength and theaflity of
concrete depend up on the degree of compaction. The
desirable workability may be achieved through Miora but

it is not possible to ensure full compaction. Hem@aequate
compaction leads to the formation of large numkevaids.
The voids left in the concrete may reduce the gtterand
durability of concrete. The self compacting conerdtas
emerged as the panacea for this problem. Makingrets
structures without vibration is not a new conceptds been
existed in the past but the strength of those @tesrwere
very low. The modern application of self compactougcrete
(SCCQ) is focused on high strength, high performaramore
reliable uniform quality. The contribution of reselzers at the
University of Tokyo, Japan led to the developmehtS€C
that doesn’t require vibration to achieve full camfion. Soon
after its development it has become popular in Jafoa
prefabricated products and ready mix concrete. sStioeessful
use of SCC in Japan has drawn the attention ofrakve
European countries. They too have worked and formed
European federation (EFNARC) and gave design
specifications, guidelines to produce and use highality
SCC.

The main characteristics of SCC are based on thigepties of
concrete in the fresh state. The main target of @Cdesign
is on the ability to flow under its self weight Wiut the need
of vibration and its ability to flow through heayitongested
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reinforcement, its capability to retain homogeneaigisting
segregation. The task of mix design is very crutbgbroduce
the concrete that should essentially possess thewfng
characteristics:

*  Filling ability

e Passing ability

* Resistance against segregation.

The following test methods have been used to pmdbe
concrete with above said workable conditions.

2.1V-Funnd Test

The V-Funnel test is used to determine the filladglity of
concrete. Initially the funnel is filled with abod® liters of
concrete without compacting or tamping simply lkstg off
and level the top of the concrete with trowel. Jughin ten
seconds open the trap door and allow the concoetalltand
time taken for complete discharge of concrete ieaoThe
entire test has been completed within 5 minutes.
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Fig.1. V-Funnel

2.2. Slump Flow Test for Measuring Flowability

The basic purpose of slump flow test is to knowhbezontal
free flow of SCC in absence of any obstructions.wts

developed in Japan and used for the first time evhil

underwater concrete is placed. The measure ofiimeeder of
the concrete circle indicates filling and passibgity of the

concrete. The basic equipment used in the testinwosa
similar to the equipment used in conventional sluegt. The
method of the test conduction is different from treitional

method, the sample concrete is placed in the mathleh the
slump cone is removed the sample collapses. Theaté& of
the spread of the concrete is measured, i.e. azdrdsl

distance is measured as against the vertical staggsured in
the case of conventional test. While measuringdthmeter of
the spread the time that the sample takes to radmeter of

500 mm (T50) is also measured. The test indicales t
flowability of the SCC, the resistance and sustdfti of
concrete to segregation. In fact the reliability tre test
numerical data is not mere sufficient to judge wWarkability

of concrete but it also requires previous expeeermd
knowledge with SCC to conclude the state and cmmdibf
the concrete so as to suit the situation in field.

Slump cone

Slump flow = (D;+D,)/2

A
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Flow table 1000 x 1000

Unit : mm

Fig.2 Flow Table

2.23 L-Box Test

The test is aimed to find out the passing abilityhe concrete
through the congested reinforcement. The test apymr
consists of a rectangular section of box in thenforf ‘L’ with
both vertical and horizontal sections separatedmuwyable
gate, opposite to this vertical reinforcement kmesarranged.
The vertical section is filled with concrete anértthe gate is
opened to allow the concrete to flow in to the hontal
section. When the flow has stopped the level ofcthecrete at
the end of the horizontal section is taken as ggm@mn of
that remaining in the vertical section. This shadhs passing
ability of concrete.
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Fig.3 L-Box
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3. IMPACT OF WATER/CEMENT RATIO ON
DURABILITY OF CONCRETE

The impact of water/cement ratio is very much digant on

concrete. The increase in water quantity lead$i¢opresence
of more water this will become a contributory factor

volume change therefore higher water/cement rag#mld to
higher permeability. The use of higher water /cetmetio

leads to consecutive and cyclical disruptive adiodigher

water/cement ratio increases permeability, higleemegability

causes volume change, volume change result in srackcks
causes disintegration of the structure eventuatlycture will

be failed. Hence lower water/cement ratio is alwagsded to
produce more durable, dense and impermeable cendree

impact of water/cement ratio is greatly visible adentifiable

in the micro-structures of the concrete. The effdcthloride

ions on the concrete made of low water/cement iatigery

much slower than in the concrete with higher watarent
ratio. The reaction is 10-50 times slower than thfahigher

water/cement ratio concrete. It has already beewegt that
low water/cement ratio concretes are less sensitive
carbonation affect, rather than higher water/cenratib on

concrete.

The effect of corrosion on steel reinforcement ow |
water/cement ratio concrete is greatly reducedoonegimes
prevented.

In actual practice maintaining low water/cementiorate.
lower than 0.4 had been very difficult. The advehtmodern
super plasticizers had made it easy to producectinerete
even at 0.25 to 0.20 water/cement ratios. We caili@é to
make a high strength and high performance self eatimm
concrete at 0.24 water/cement ratio.

Durability of the concrete may be understood aslitity to

resist weathering, abrasion, chemical attack or@ogess of
deterioration, if this concrete is said to be dlgabhas retain
its original form, quality and serviceability whexposed to
its working environment.

Out of all the factors influence the durability obncrete
chemical attack is a chief factor which is respblesifor
deterioration of structures by causing volume cleargd
cracking. When we study the chemical action on oetecwe
shall have to study sulphate attack, alkali — aggpe= reaction,
carbonation, acid attack and effect of sea water.

4. INFLUENCE OF SULPHATE ATTACK ON
CONCRETE

Most of Soils contain sulphate residues in the foofn
Calcium, Sodium, Potassium and magnesium. Mosheint
are present either in soil or ground water. Asgdblkebility of

Calcium sulphate is low, ground water contains more

guantities of other sulphates rather than calciulphates, the
presence of Ammonium sulphate is predominant ircaljure
soils and industrial effluents. Industrial struesirexclusively
concrete cooling towers are subjected to sulphdtaclka
Therefore the affect of sulphate on concrete girest is
unavoidable. The intensity of sulphate attack igensevere
when it attacks in solution form by entering therqus
concrete and reacts with hydrated ccement produateer
than its affect in solid form. Magnesium sulphaa@ises more
damage to concrete than other sulphates, sulpltaigk may
be evidenced in the form of whitish appearance Siiphate
attack may be evidenced when an increase in themelof
cement paste in concrete takes place during theniché
action between the product of hydration of cement a
solution containing sulphates. In the hardene sthtoncrete
C-A-H reacts with sulphate salt from outside cattigulpho
alluminate, as this product of the reaction resjib@sfor
increase of volume up to 227 percent, causes digiation of
concrete

The following equations represent the reactionsvarfious
sulphates with hardened cement paste; equatiorst{@jvs
how sodium sulphate is attacking

Ca (OH), Ca (OH) + Na Sq,.10 Hb—~CaSQq.2H,O + 2NaOH
+ 8H,0

Equation (2) shows the reaction of sodium sulphattn
Calcium Aluminate Hydrate,

2(3Ca0 A}Os.12 HO) + 3(NaSo.10 HO) —
3Ca0.A}0;3.3CaSq.31H,0 + 2Al (OH)+6NaOH+17H0

In this reaction calcium Sulphate attacks only icaic
alluminate and produce calcium Sulpho aluminate
(3Ca0.A}b05.3CasS@.32H,0) known as attringite, the
molecules of water may be 32 or 31.

In fact the strength of the solution increases thte of
sulphate attack on concrete High water/cement regiuses
serious damage to concrete with in short duratfcimee. The
concrete with low water/cement ratio reduces thenisity of
damage by resisting the impact of magnesium sudphat

5. EXPERIMENTAL PROCEDURE

The aim of the present study is to identify andneste the
effect of H SQ, HCL and NaSq, on concrete made up of
micro silica, water prooferand super plasticizer. The
workability studies are also conducted and the lilityof the
concrete is studied against the attack of $t,, HCL and
Na,Sa.
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5.1. Procedurefor the Deter mination of Resistance of
Concreteto Sulphate Attack

The effect of sulphate attack on concrete and tessie of
concrete to the attack has been tested in the d&hgr by
immersing specimens of concrete cubes in the solwtihich
contains 5 % sodium sulphate. The effect of chehatack

has been estimated by taking change of mass in to

consideration.

The test specimens of 10X10X10 cm cubes were ingddrs
5 % of Sodium sulphate solution over a period ofeti The
affect of sulphate attack on performance and ptgsenof
concrete are identified. In order to speed up tkst,t
specimens are subjected to alternate cycles of isioreand
drying. The resistance of concrete to the sulplast@ck has
been estimated by considering changes in their dima
modules of elasticity. Even from the visual obsé&oraalso
the intensity of sulphate attack on cracking aralithpact of
disintegration is noticed.

5.2. Test of Acid Attack on Concrete Specimens

In fact concrete is not fully resistant to acidgl &cids will
have their impact on concrete. The rate of speatiodn may
be different but certainly they disintegrate cobereCertain
acids like Oxalic acid and Phosphoric acids do hrete any
effect on concrete they are totally harmless. Absmall
aggregates are susceptible to acid attack butesilig
aggregates are more resistant than calcareousgaggse The
contents like Ca (OH)and C-S-H gel are more susceptible to
chemical attack. The liquids, whose pH value lasst5.5 and
4.5 cause serious damage to the concrete, sudddigpeed
up the disintegration process and ultimately destrine
structures. The intensity of corrosion caused by H€Cequal
concentration is more in comparison with sulphusicid.
Since sulphuric acid forms a less soluble Calciwiplsate on
reaction with lime in concrete, the solution fitlse gaps of
concrete and prevents permeability and offers tasie to
corrosion by acid. The present experimental stushdacted
on concrete specimens of size 10X10X10 cm. Theis@es
are immersed in 5 % HSao, HCL and NaSq, solutions
respectively. The deterioration of the specimenssigmated
by finding out the percentage reduction in weigtt thoe
specimen. The reduction in compressive strengththef
specimens when they are immersed in chemical solitis
also identified.

6. RESULTS

Fresh Concrete properties of High Strength Self Gaxcting
Concrete mix.

Table 1 The workability test values of SCC

Grade M80
w/Cp 0.23
Slump flow(mm) 661.41
T50 (sec) 5.00
V-funnel (sec) 12.00
V-funnel T5min(sec) 13.00
L-Box (h2/h1) 0.9

Table 2 Average weight of specimens of size 10X10X10 cm
at 28 days without chemical immersion of High
Strength Self compacting Concrete of M80 grade

Average weight
Grade without chemical
Immersion
1 M80 2.13
2 M80 2.12
3 M80 2.13

Table 3 percentage decrease of weight specimen (100mm x
100mm x 100mm) at 28 days with different chemical
immersion of High Strength Self Compacting Concudte

M80 grade
Grade | gpatame ot i chemical
Immersion
1 M80 Hydrochloric Acid 1.89
2 M80 Sulphuric Acid 1.81
3 M80 Sodium Sulphate 1.9

Table 4 Percentage decrease of weight after chemical

immersion
Decrease
Average weight ercentage
weight Name of 9 P 9
) after 28| decrease in
without | the ;
Grade - . day weight
chemical| Chemical .
- chemical | after 28
Immersi | used (8%) | . iol d
on (Kg) immersio | days
n (Kg)
meo | 213 |Hvdrochlof ) g 11.26
ric Acid
M8o | 212 | Sulphuric | gy 14.62
Acid
Mgo | 213 | Sodum |4 10.32
Sulphate
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= A@(o &@ M Sodium Table 6 Summary of common testing methods and limiting
v ¥ Sulphate test values for SCC
Property | Test Material | Recommended
Age measured method values
_ . _ . . i R 650 — 800 mm
Fig.5 Comparison of weight with and without chemical ECOMMEN) -, crete| Average flow
immersion ded values diameter
) ) 2-5sec
Table 5 Percentage decrease in compressive strength of Teo Concrete| Time to flow
specimen at 28 days without & with different cheahic Elowabili 500 mm
immersion of High Strength Self Compacting Concrete ty / 6 — 12 sec
| percentag Filling | \, ¢ nnel | CONCrete Time for
. Decrease ine ability / mortar emptying of
Compressiv Compressi | decrease funnel
e strengthl Chemic | ve strength| in 0—5 sec
Grade | without al used| after 28| compressi ) Time for
chemical | (5%) day ve Orimet Mortar emptying of
immersion chemical strength apparatus
immersion | after 28 0-30mm
days i i
U —box | Concrete r? |ff(?]reqce n
68.62 eights in two
M80 | 82 N/mnf HCL N/rﬁmz 16.31 limbs
0.8-1.0
. Ratio of heights
M80 | 82Nmm | Hs0o | 340 47.07 iy || ST atbeginning
m 2oL N/mm? : y and end of flow
0-10 mm
Difference in
M0 | 82 N/mm | Nasa 65.714 19.86 J - ring Concrete helght§ at the
N/mm beginning and
end of flow
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>0.95
Settlement .
Concrete| Segregation
column test b
Segregati ratio
on Sieve 5 — 15% sample
. stability Concrete| passing through
potential .
test 5 mm sieve
Penetration Concrete Penetration
test depth <8 mm

7. FUTURE SCOPE AND ADVANTAGESOF SCC

Since from the development of SCC in Japan indhe 1980s,
the research, development and use of SCC has salteader
the world. Approximately up to 5 % of the Swedishdy-mix
market depends on SCC and the research is stiligbei
continued in Europe. Significant amount of reseaecid
development works are being conducted in CanaddJ&#l
The first North American conference was held in diober
2002 by North Western University. American Concrete
organizations such as ACI, ASTM and PCI have akently
formed committees to formulate guidelines, stanslaadd
specifications for SCC. The usage of SCC in precast
applications is getting increased day by day inthNémerica.
Some of the countries like New Zealand, Australigentina
and some of Gulf countries have already starteskareh and
development work on SCC. A third international sysipm

on SCC was held in Iceland in 2003 where by masgarch
papers were presented for further future developmesCC.

The use of SCC was found to offer economic, soarad

environmental

benefits over traditional vibratednoete

constructions. More particularly SCC has providesbhition
to address many environmental issues like,

iv.
V.
Vi.

Noise reduction in the place of manufacturing a we
as at the place of applications, i.e. on site.

It also prevents personal injuries from noise and
manual handling.

It reduces the consumption of electricity.

It reduces overall maintenance cost.

It saves the cost incurred for vibration equipment.

It has been immensely used in precast and pre
stressed fibre concrete.

8. CONCLUSIONS

Percentage decrease in weights of the specimehswitind
with immersion in HCL, HSa,and Na Sq, solutions of 5 %
concentration at 28 days was found to be 11.265214nd
10.32 % respectively. From these results it has ldentified
that the intensity of attack by,B0Q, is comparatively more
than the attack of HCL and p&0O, on the specimens. The
percentage decrease in compressive strength apg®@mens
without and with immersion in HCL, 130, and NaSQ,
solution of 5 % concentration after 28 days wastbto be
16.31, 47.07 and 19.86 % respectively. It is notitieat the
intensity of attack by kBq, is comparatively more than the

attack of HCL and N#&aq, on the specimens. The reduction of
strength due to the affect of,8ly on the concrete is more
significant
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