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ABSTRACT
Key Words:
Fly ash Fly ash is one of the residues generated in combustion of coal. Fly ash is generally
High performance captured from the chimneys of power generation facilities. Fly ash includes substantial
concrete (HPC) amounts of silica (SiO,), both amorphous and crystalline, and lime (CaO). Fly ash is
Portland cement commonly used to supplement Portland cement in concrete production, where it can
Acidic environment bring both technological and economic benefits. Increased awareness of environmental

hazards, steep rising prices of building materials, non-availability of space to stock the
fly ash and other such factors have generated interest among the researchers to work
on the gainful utilization of fly ash as an alternate building material with potential for
replacing cement partially in constructions. Fly ash utilization in concrete not only reduces
the cost due to cement savings but also contribute to reduced carbon-dioxide emissions
contributing to environmental protection. It is well established by now that the concrete
structures exposed to acidic environments deteriorated much faster when compared
to their counterparts in non-aggressive environments. High-Performance-Concrete
(HPC) is a new generation concrete which has the potential to perform well in aggressive
environments. This paper presents the details of an experimental investigation planned
to utilize fly ash in production of HPC. Acid attack tests have been conducted to measure
the durability of HPC. This investigation is undertaken to study and define a better
HPC mix containing locally available fly ash which can sustain in chloride and sulphate
environments. The investigation examines the progressive deterioration of concrete
mixtures containing various combinations of fly ash based HPC mixes exposed to
sulphate and chloride solutions.

INTRODUCTION

The production of one ton of Portland cement produces approximately one ton of CO,. Since, the
worldwide production of Portland cement is expected to reach nearly 2 billiontonsby 2010, replace-
ment of 30% of this amount by fly ash could dramatically reduce global carbon emissions. The
replacement of Portland cement with fly ash al so reduces the greenhouse gasfoot print of concrete.
Crystalline silica and lime are the major components of exposure concern. Thefine crystallinesilica
present in fly ash hasbeen linked with lung damage, in particular silicosis. The other fly ash compo-
nent of some concernislime (Ca0). Thischemical reactswith water (H,0) to form calcium hydrox-
ide[Ca(OH),], giving fly ash apH somewhere between 10 and 12, amediumto strong base. Thiscan
also cause lung damageif present in sufficient quantities. These hazards can be minimized by con-
trolling emissions of fly ash from bulk handling operations via closed pumping systems, and use of
storage and handling equipment with approved automated spill contai nment egqui pment.

Hassan et al. (2000) presented theinfluence of two mineral admixtures, slicafumeand fly ashon
the properties of super-plasticized high-performance concrete. The resultsindicated that usage of the
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mineral admixturesimproved the properties of high performance concrete and they al so concluded
that silica fume contributed to both long and short term properties of concrete, whereas fly ash re-
quired a relatively longer time to get its beneficial effect. Naik et al. (1994) found that although
concrete made with high volumes of class C fly ash passed ASTM C-944 for abrasion resistance,
better abrasion resistance was obtained for concrete without the high fly ash content. Zhang et al.
(1997) presented the mechanical propertiesof high performance concrete made with high calcium
sulphate fly ash and reported that high cal cium fly ash exhibited good performancein both fresh and
hardened states. Gopal akrishnan et al. (2001) presented the performance of HPC mixes having dif-
ferent replacement levels of cement with low calcium fly ash (class F) and reported a compressive
strength of 80 MPa with 25 % replacement of cement with fly ash and also concluded that fly ash
concretes have superior durability properties. Long et al. (2002) presented studieson very high per-
formance concreteswith ultrafine powders such aspulverized fly ash (PFA), pul verized granulated
blast furnace dag (PS) and silicafume (SF) and reported that the use of ultrafine powdersimproved
the relative density of compound pasteswith low w/b ratios. Atis (2003) evaluated the strength and
shrinkage properties of concrete containing high volumes of fly ash. His studies revealed that the
concrete containing 50% fly ash developed higher strength than OPC concrete at 28 days and be-
yond. Healso reported that inclusion of high volumesof fly ashin concrete with alow water-cement
ratio resulted in the reduction of shrinkage val uesup to 30% when compared to OPC concrete. Doven
& Pekrioglu (2005) presented effective utilization of high volumefly ash cement pasteasaflowable
fill material in the construction of structural fills. Bhatty et al. (2006) presented utilization of dis-
carded fly ash asaraw material in the production of Portland cement. Their studies revealed that
using fly ashisbeneficial in cement plantsand power plants. Jerath & Hanson (2007) presented the
effects of fly ash replacement of Portland cement and the use of dense aggregate gradation on the
durability of concrete mixturesin termsof permeability. Very little research isavailable on the be-
haviour of fly ash based HPC to acidic environments. Hence, the present i nvegtigation studiesthe use
of fly ashasapartial replacement to cement in the production of HPC asanatural solution to protect
the environment and to achieve durability in construction.

High Perfor mance Concr ete (HPC): High performance concrete isaconcrete made with appropri-
ate materials combined according to a selected mix design; properly mixed, transported, placed,
consolidated and cured so that the resulting concretewill give excellent performancein the structure
inwhichit isplaced, inthe environment to whichit isexposed and with the loadsto which it will be
subjected for itsdesigned life. Aitcin & Neville (1993) stated that in practical application of thistype
of concrete, the emphasishasin many casesgradually shifted from the compressive strength to other
properties of the material, such asa high modulus of elasticity, high density, low permeahility, and
resisianceto someformsof attack. Admixtures play an important rolein the production of HPC. Fly
ash isone such admixture that has potential for use in the production of durabl e high-performance-
concrete. The present investigation aimsto produce high-performance concrete with locally avail-
ablefly ash. The durability of produced fly ash based HPC will be ascertained by studying the behav-
iour of fly ash based HPC in resisting acid attack.

MATERIALS AND METHODS

Experimental programme has been planned to consider the durability aspect by studying the resist-
ance of HPC to acid attack and weight lossdue to acid attack. The detail sof variousmaterialsusedin
thisinvestigation are given below.
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Cement: Portland cement of 53 grade manufactured by BirlaCompany conforming to IS: 12269 was
used in the investigation. The specific gravity of the cement was 3.06. The initial and final setting
timeswere 40 minutes and 360 minutes respectively.

Fine aggregate: Locally availableriver sand passing through 4.75 mm | S sieve was used. The spe-
cific gravity of the sand was 2.68.

Coar seaggr egate: Crushed granite aggregate available from local sources hasbeen used. To obtain
areasonably good grading, 50% of the aggregate passing through 12.5mm IS sieve and retained on
10 mm IS sieve and 50% of the aggregate passing through 10 mm ISsieve and retained on 6 mm IS
sievewas used in the production of HPC. In production of M20 grade concrete, 20mm maximum size
coarse aggregate has been used. The specific gravity of coarse aggregate was2.75.

Water : Potable freshwater available fromlocal sourceswas used for mixing and curing of both HPC
mixesand M 20 grade concrete.

Super plasticizer: To improve the workability of HPC mixes, a high range water-reducing agent
COMPLAST SP-337 has been used in the present work.

Acids: Thevariousacidsusedintheinvedtigation are HCI, H,SO, and MgSO, each of 5% concentra-
tion.

Fly ash: Fly ash obtained from Rayalaseema Thermal Power Station (RTPS), Muddanuru, A.P. was
used in the present investigation. The physical and chemical properties of fly ash are presented in
Table1 (ac).

Casting of test specimens: To evaluate the resi stance of fly ash based high performance concretesto
acid attack, atotal of 12 mixeshave been tried with four plain HPC mixeswithout fly ash. Oneplain
concrete mix of M20 grade of proportion 1:1.5:3.3 (as per 1S Code method) has al so been cast and
tested in the laboratory as reference mix. As there is no standard method for proportioning HPC
mixes, absolute volume method has been used for arriving at the mix proportionsin thiswork. The
variousmix proportionsused aregiven in Table 2. All the materialswere taken by weight as per these
mix proportion and mixed thoroughly to obtain auniform mix. Thevarious parameters studied are
given below.

Aggregate-binder ratio (A/B Ratio): 2.0
Water-binder ratio (W/B ratio): 0.3, 0.35, 0.4 and 0.45
Percentage replacement of cement by fly ash: 0, 10, 20, and 30

For each mix, 30 concrete cubesof size 150 x 150 x 150 mm were cast. Out of these, 3 cubeswere
tested for 28 days compressive strength, and remaining 27 concrete cubesfor residual compressive
strength after 30, 60 and 90 days of acid immersion. The residual compressive strengths are pre-
sentedin Table 3.

Twenty seven concrete cubes of size 100 x 100 x 100 mm were cast and tested for weight loss
after 30, 60 and 90 days of acid immersion. The test program consisted of finding out residual
compressive strength and weight loss of cubes due to immersion in 5 % concentration of acid. The
percentage weight losson acidimmersionis presented in Table4. The concrete cubesare cast in steel
moulds of inner dimensions 150 x 150 x 150 mm and 100 x 100 x 100 mm. All materials like
cement, fine aggregate, coarse aggregate and mineral admixture are manually mixed thoroughly.
Approximately 25% of water required i sadded al ong with super plasticizer and mixed thoroughly. After
that, the balance of 75% of water is added and mixed thoroughly with aview to obtain uniform mix.
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For all test specimens, mouldswerekept onatable Table 1(a): Seve analysis of fly ash.
vibrator and the concrete is poured into the moulds in
three layers by tamping with atamping rod and the vi-
bration was carried out by means of table vibrator and  i. Dry Sieve Analysis

Sievesize % Passing by weight

maintained constant for all the specimens. Themoulds ~ 400mm (40 Mesh) 100
wereremoved after 24 hoursand all the specimenswere ~ 220mm (60 Mesh) 995
. . . 200mm (80 Mesh) 98.5
kept_lmmqsed in clean wat_er tank. After curing th_e 150mm (200 Mesh) 975
specimens in water for a period of 28 days, the speci-  75mm (100 Mesh) 89.50
mens were removed and allowed to dry under shade. ii. Wet Seve Analysis
Later, for each mix, 3 cubes of 150 x 150 x 150 mm /MM (200 Mesh) 920
: 53mm (100 Mesh) 87.5
were tested for 28 days compressive strength by mak- 45 (325 Mesh) 855
ing use of 2000 kN AIMIL-make digital compression  37mm (400 Mesh) 84.0

testing machine with least count of 1kN. Cube speci-
mensfor M 20 concrete were also cast for compressive strength test for compari son purposes. The 28-
day compressive strength of M 20 concrete was al so determined and itsvalueis 27.9 MPa. Remaining
27 cubes of 150 x 150 x 150 mm were cured in 5% concentration of HCI, H,SO, and MgSO, acidsin
separate tanks. The curing mediawas replaced with fresh solution at the end of every week to main-
tain the same concentration (5%) throughout
Table 1 (b): Chemical analysis of fly ash. the exposure period, i.e., 30, 60 and 90 days.

Constituent Test results IS 3812 To determine weight the loss, initial
(% by weight)  Requirement ~ Weights of all the cubes of size 100 x 100 x
100 mm were recorded after 28 dayscuringin

Slicaas SO, 59.16 85.0min freshwater and then they were kept immersed
Aluminaas AlLO, 30.64 :

Iron oxide as Fe.O 407 for 30, 60 and 90 days in separate tanks con-
S0, +ALO, + Fe O, 93.87 70.0 min taining solutions of 5% concentrations of HCI,
Calcium oxide as CaO 2.85 H,S0, and MgSO,. The specimenswere again
Magnesium oxideasMgO 036 5.0 max weighed at the end of 30, 60 and 90 days of
Sulphate as SO, 0.21 2.75 max L. . .

Alkalies 138 150 max acid immersion to determine the percentage
Losson ignition 0.21 12.0 max weight |oss.

RESULTS AND DISCUSSION

In the present investigation, the resistance of HPC to the acidic environment has been studied by
conducting acid immersion test on HPC cubes. Residual compressive strength and percentage weight
lossof HPC after acid immersion have been measured.

Residual compressive strength: The residual compressive strengths on acid immersion in HCI,
MgSO, and H,SO, of all mixestried
in this investigation are presented in
Table3. Property Test results 1S:3812 Requirement
Effect of water-binder (W/B) ratio

Table 1(c): Physical properties of fly ash.

. . Grade 1 Grade 2
on residual compressve Strength: g o Blaing), iy 3989 3200 2500
Fromtheresultspresentedin Table 3, | ime Reactivity, N/mm? 8.9 4.0min 3.0min
it can be observed that the residual  Drying shrinkage, % 0.008 0.15 max 0.10 max
comprve strength of HPC at all Autoclave Expansion, % 0.012 0.80 max 0.80 max

ages of exposure decreases with in-  SPecific gravity 218 ) )
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creasein W/B ratio. Thetrend isthe samefor al percentage replacements of cement by the fly ash
andfor all acidstried in thisinvestigation. Thereason for decreasein residual compressive strength
withincreasing W/B ratio may be attributed to the poroustranstion zone that devel opsdue to higher
water content allowing the acid to penetrate deep and destroy the C-S-H gel. From Table 3, it can be
further observed that the residual compressive strengths of all HPC mixes are considerably higher
than that of M20 grade reference mix at all ages of acid exposurefor all the three acidstried in this
investigation. Hence, it can be concluded that fly ash based HPC resistsacid attack better than ordi-
nary M 20 grade concrete.

Effect of per centage r eplacement of cement by fly ash on residual compressive strength: The
effect of percentage replacement of cement with fly ash on residual compressive strength after expo-
sureto thethree different acidsfor 30, 60 and 90 daysispresented in Figs. 1, 2 and 3 for W/B ratio of
0.3. It can be observed from these figures that the addition of fly ash has directly improved the
resistance of HPC to acid attack up to 10% replacement. It can be observed from thesefiguresthat for
the fly ash based HPC mixes, theresidual compressive strength increased up to 10% replacement and
then started decreasing at 20 and 30% replacement levels. Maximum residual compressive strengths
have been achieved at 10% replacement. Though the plotsare shown only for W/B = 0.3, sametrend
can benoticed for other W/B ratios (Table 3). Hence, it can be concluded that 10% replacement level
of cement by fly ash isoptimum for the HPC in resisting the acid attack.

Effect of age of acid immersion on residual compressive strength: The effect of age of acidim-
mersion on residual compressive strength for fly ash based HPC mixesfor three different acidsand
for different W/B ratios can be observed in Figs. 1-3. From these figuresit can be observed that the
residual compressive strength decreases with increase in age of acid immersion. Thisistrue for all
the acids tried in the present investigation and for all W/B ratios. Maximum loss of compressive
strength isnoticed at 90 days of acid immersion. The decrease in residual compressive strength is
expected because of formation of more and more ettringite with increase in age of acidimmersion.

Table 2: Mix proportions for different HPC mixes (For one cubic metre of concrete).

Mix W/B Cement Fly Ash Coarse Sand Water
designation ratio (kg) (kg) aggregate (kg) (litres)
(kg)
0% Fly Ash Al 03 647.1 0 970.6 647.1 194.1
A2 0.35 626.8 0 940.2 626.8 2194
A3 04 607.8 0 911.6 607.8 2431
A4 0.45 589.8 0 884.8 589.8 265.4
10% Fly Ash B1 03 5775 64.2 962.4 641.6 192.5
B2 0.35 559.5 62.2 932.5 621.7 217.6
B3 04 542.6 60.3 904.4 602.9 241.2
B4 0.45 526.8 585 877.9 585.3 263.4
20% Fly Ash C1 03 508.9 127.3 954.3 636.2 190.9
c2 0.35 493.3 123.3 924.9 616.6 215.8
C3 04 4785 119.6 897.3 598.2 239.3
c4 0.45 464.6 116.2 871.2 580.8 2614
30% Fly Ash D1 03 441.7 189.3 946.4 630.9 189.3
D2 0.35 428.1 183.5 9175 611.6 2141
D3 04 4154 178.1 890.2 593.5 2374
D4 0.45 403.5 172.9 864.6 576.4 259.4
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Effect of type of acid on residual compressive strength: In the present investigation HPC mixes
have been subjected to 5% concentration of solutions of HCI, MgSO, and H,SO,. The influence of
these acidson residual compressive strength after 90 days of acid exposure for HPC mixes contain-
ing 10% of fly ash is presented in Fig. 4. It can be observed that maximum loss of compressive
strength occurred in case of H,SO, acid immersion when compared to HCI and MgSO,. Out of the
three acidsthe least loss of compressive strengthisrecorded for HCl acid immersion. Further, it can
be seen from thisfigure that beyond aW/B ratio of 0.4, the influence of acid attack is severeindicated
by the steep dopeof the line. From the results of the present invegtigation it can be concluded that the
attack of H,SO, ismost severe on HPC, and HCI isthe mildest onein the ranges tested. The reason
for the decrease in compressive strength due to acid attack isthe dissolution of calcium hydroxide,
which occurs according to the following reaction.

2HX + Ca(OH), ® CaX,+ 2H,0 (X isnegativeion of the acid.)

The decomposition of HPC depends on the porosity of the cement paste, on the concentration of
acid, the solubility of the acid calcium salts (CaX,) and on the fluid transport through the concrete.
Insoluble calcium saltsmay precipitate in the voids and can slow down the attack. Sulphuric acidis
very aggressive asitscalcium saltsarereadily soluble and removed from the acid front. Asaresult of
this, the binding capacity of the hardened cement isdestroyed | eading to loss of compressive strength.
Hydrochloric acid isless harmful asits calcium salts, duetoitslow solubility, inhibit the attack by
bl ocking pathwayswithin the concrete such asinterconnected cracks, voids and porosity. Sulphuric
acid is very damaging to HPC as it combines an acid attack and a sulphate attack. Sulphate ions
combinewith free calcium ionsto form gypsum. Sul phate ionsal so combinewith hydrated calcium
aluminate to form calcium sulfoaluminate (ettringite). Gypsum and calcium sulfoaluminate have
higher volume than the reactants|eading to the devel opment of internal stressesin concrete. These

Table 3: Residual compressive strengths on acid immersion.

S. Mix 28 days Residual compressive strength on acid immersion(MPa)
No  design- compres- HCI MgSO, H,SO,
ation ;\r/eength 30days 60days 90days 30days 60days 90days 30days 60days 90days
(MPa)

1 R 279 244 219 195 24.2 217 18.9 238 20.8 16.9
2 Al 834 76.7 717 65.9 76.2 70.7 64.7 75.7 69.9 63.3
3 A2 81.1 744 69.6 63.2 739 68.4 62.5 733 67.8 61.1
4 A3 80.2 731 68.1 61.9 729 67.6 61.7 72.3 66.8 59.9
5 A4 75.9 68.8 63.9 58.2 68.8 63.7 57.9 68.0 62.9 56.3
6 B1 85.7 79.3 75.8 71.0 79.0 75.3 69.2 78.2 73.9 68.3
7 B2 83.8 77.2 73.6 67.9 76.7 73.2 66.9 76.0 722 64.7
8 B3 79.2 725 68.7 63.7 722 67.9 62.9 71.6 67.0 60.7
9 B4 78.9 721 67.6 62.5 717 67.2 61.9 70.9 66.1 60.7
10 cC1 724 66.4 62.1 57.3 65.9 61.3 55.9 65.4 60.9 55.2
1 C2 713 65.4 60.7 55.5 64.9 59.7 54.6 64.1 59.4 53.8
12 C3 69.9 63.6 58.8 535 63.5 58.6 53.3 62.8 58.1 52.5
13 ¢4 66.7 60.2 55.7 51.1 59.9 55.5 50.8 59.2 54.8 49.2
14 D1 60.1 54.8 50.9 46.5 54.5 50.1 456 53.9 49.8 44.8
15 D2 56.9 51.7 47.6 431 51.3 46.8 428 50.9 46.7 422
16 D3 55.7 50.3 46.2 41.9 50.0 46.1 41.7 495 455 40.6
17 D4 54.4 489 45.0 404 48.6 447 404 48.0 44.2 395
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internal stresseslead to cracking and spalling of concrete which in turn lead to the deterioration of
the concrete and loss of strength. Thus, the sulphuric acid combines both acid attack and sulphate
attack, and hence, causesgreatest |oss of strength.

Per centage weight losson acid immer sion: Inthe present work, percentage weight | oss of HPC due
to acid immersion has been determined as a parameter of durability. The origina weight of cubes
after 28 dayswater curing wasmeasured and then these cubeswereimmersedin 5% acid solution for
30, 60 and 90 days. After the specified period, the cubes were removed from acid solution and al-
lowed to dry under shade. Then their weight was measured and percentage weight loss computed.
The percentage weight lossdue to acidimmersionin acids HCI, MgSO, and H,SO, of all HPC mixes
tried inthisinvestigationispresented in Table 4.

Effect of W/B ratio on percentage weight loss: From the results presented in Table 4, it can be
observed that the percentage weight lossincreaseswith increase in W/B ratio for all the percentage
replacements of cement by fly ash. Thistrend issimilar for all the three acids, i.e., HCI, H,SO, and
MgSO, tried in thisinvestigation. The reason for this phenomenon to happenisthat the increasein
the water content makesthe transition zone porous. The poroustransition zone allows more acid to
penetrate through resulting in higher “ ettringite” formation. This causesvolumeincreasein concrete
resulting in spalling and weight loss. It can be further observed that the percentage weight loss of all
HPC mixes is considerably lower when compared to that of reference M20 mix. Hence, it can be
concluded that HPC mixesvery well resist the acid attack ascompared to ordinary M20 concrete.

Effect of per centager eplacement of cement by fly ash on per centage weight loss: The effect of
percentage replacement of cement by fly ash on percentage weight loss of HPC ispresented in Figs.
5,6and 7 for W/B = 0.3. It can be observed from these figuresthat up to 10% replacement of cement,
the percentage weight loss has decreased and then started increasing at 20 and 30% replacement
levels. It is aso observed that the percentage weight lossis least at 10% replacement levelsfor all
acidsat all exposure durations. Though, the graphsare presented only for W/B = 0.3, sametrend can
be noticed from the tablefor other W/B ratios. Hence, it can be concluded that 10% replacement of
cement by fly ashisoptimum in resisting acid attack.

Effect of age of acid immer sion on per centage weight loss: Theeffect of age of acid immersionon
percentage weight loss can be observed from Figs. 5, 6 and 7. It can be observed from these figures
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that the percentage weight lossincreases with increase in age of acid immersion. Thisistruefor all
the acidstried in thisinvestigation. The percentage weight lossis higher at 90 days of immersionin
acid. Thismay bedueto moreand moreformation of ettringite with increasein age of acidimmersion.
From visual observation of the specimenson 90 days of immersionin acids, it was observed that the
edges of the cubeswere worn out indicating maximum deterioration.
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Table 4: Percentage weight loss on acid immersion.

SNo Mix % weight loss on acid immersion
design HCI MgSO, H,SO,
30days 60days 90days 30days 60days 90days 30days 60days 90days

1 R 89 11.2 134 10.2 138 16.7 12.3 15.7 18.3
2 Al 6.1 7.2 83 6.6 7.7 89 6.9 82 9.5
3 A2 6.4 75 8.6 6.9 81 9.3 7.3 8.6 9.8
4 A3 6.7 7.9 9.0 7.2 85 9.8 7.6 9.0 104
5 A4 6.9 82 94 7.6 89 10.2 8.0 9.5 10.9
6 B1 47 54 6.3 5.0 59 6.8 54 6.3 7.3
7 B2 49 57 6.7 53 6.3 7.2 57 6.7 7.7
8 B3 52 6.0 6.9 5.6 6.5 7.6 59 6.9 81
9 B4 54 6.3 74 58 6.8 7.9 6.2 7.2 84
10 cC1 52 58 6.7 54 6.3 7.3 57 6.6 7.7
1 C2 53 6.1 71 5.6 6.6 75 59 7.0 81
12 C3 5.6 6.3 7.3 58 6.8 7.9 6.3 7.3 84
13 ¢4 57 6.7 7.7 6.1 7.3 83 6.5 7.6 8.8
14 D1 6.3 7.3 85 6.7 7.9 9.1 7.2 85 9.7
15 D2 6.6 7.7 89 71 83 9.5 7.6 8.8 10.2
16 D3 6.9 81 9.3 75 8.6 10.0 7.9 9.3 10.5
17 D4 7.2 84 9.7 7.7 9.1 10.5 87 9.8 11.3

Effect of type of acid on percentage weight loss: In the present investigation all the HPC mixes
have been subjected to 5% concentration of acids HCl, H,SO, and MgSO,. The influence of these
acidson percentage weight loss after 90 days of exposure for the HPC mix containing 10% of fly ash
ispresented in Fig. 8. It can be observed that maximum percentage weight losshas occurred in case
of H,S0, acid immersion and minimum percentage weight lossin HCl acidimmersion. Thetrendis
same at all replacement levels, and it can be observed that MgSO, attack is severe when compared
with that of HCl acid. Fromtheresults, it can be concluded that the attack of H,SO, ismost severeon
HPC. On visual observation of cubes, it was noticed that the corners of the cubes on immersionin
H,SO, were worn out indicating the severity of acid. The corners were the first to spall of because
near the corners the intrusion will be from the two adjacent faces of the cube. The severity of the
sulphuric acid isdue to its combined action of acid attack and sul phate attack.

CONCLUSIONS

Structuresconstructed 30-40 yearsback got deteriorated well beforetheir expected life span, particu-

larly in marine environments. HPC produced with partial replacement of cement by fly ash can pro-

vide awonderful solution and can stand well even in aggressive acidic environments. Thisfact has
been established in the present investigation. The major conclusions of the work are asbelow.

» Fly ash based HPC mixes resisted acid attack in a better way as compared to conventional M20
concrete at all ages of exposureto HCI, MgSO, and H,SO,.

» Itisobserved that the residual compressive strength of all HPC mixes are considerably higher
than that of M20 gradereferencemix at al agesof acid exposurefor al thethreeacidstried inthis
investigation.

» Thelossof compressive strength of HPC mixesdueto acid attack isleast at 10% replacement of
cement by fly ash. Hence, 10% replacement is considered as optimum.

* Thelossof compressive strength is20.3% for fly ash based HPC mixes after 90 daysimmersion
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inH,SO, acid while similar exposureresulted in aloss of 39.5% for reference M20 concrete. This
confirmsthe superior performance of fly ash based HPC in resisting acid attack.

» Theresidual compressive strength of HPC mixes subjected to acid attack decreaseswith thein-
creasein water-binder ratio. Thetrend isobserved to be the samefor all thethree acidsand at all
percentage repl acements of cement by fly ash.

» Theresidua compressive strength of HPC decreases with increase in age of acid immersion.
Maximum loss of compressive strength has occurred at 90 days of acid immersion.

* Maximum loss of compressive strength and weight of HPC occursin case of H,SO, acidimmer-
sion as compared to HCI and MgSO, acids. Out of the three acids the least loss of compressive
strengthisrecorded for HCI acid immersion.

» The percentage weight loss due to acid attack increases with increase in W/B ratio for all the
percentage replacements of cement by fly ash and alsofor all thethree acidstried in thisinvesti-
gation.

» The percentage weight lossdecreased up to 10% replacement then it started increasing at 20 and
30% replacement levels. The percentage weight lossis least at 10% replacement levels, for all
acidsat all exposure durations.

» The percentage weight lossincreases with increase in age of acid immersion. Thisistruefor all
the acidstried in thisinvestigation.
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