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Abstract

Laterized concrete is concrete in which some oofathe fine aggregates is from laterite. In thigdy, the effects of
varying nitric acid concentrations (0%, 5%, 10%%l%nd 20%), mix proportions (1:1:2, 1:1%:3), expesperiod

(28, 56, and 84 days) and percentage laterite nb®&6, 25%, and 50%) on the compressive strenfitaterized

concrete were investigated. The tests were cawoigdwith a view to simulating the performance ofeti&zed

concrete in contact with soluble nitrate-based taurzes. 100x100x100mm cubes of laterized concrete wast and
moist-cured for 28 days and the strength of corcéthis age was determined. The cubes were ftergamersed
in 0%, 5%, 10%, 15%, and 20% concentrations ofcn#cid for a total of 84 days. Compressive strerigsts were
carried out at the end of 28 days, 56 days and&4 of immersion. The results of the tests inditatet the
compressive strength significantly reduces withiéase in acid concentration, immersion period atetite content.
The effect of richness of mix on resistance ofrlatel concrete to the acidic aggression becomeg mamounced
at the highest (50%) laterite content.

Keyword: compressive strength, laterized concrete, nitid aoncentrations, percentage laterite content.

1. Introduction

Laterized concrete is concrete in which lateritee§i are used partially or wholly to replace theveational sand.
Laterite occurs in large quantities and in différgmes in the tropics, including Nigeria. Reseahets shown that
laterite could be used to effectively replace sapdo 50% in structural concrete. Compressive gttenin the range
of 10MPa to 40MPa has been reported in literatforekterized concrete prepared from nominal stmadtconcrete
mixes (Olusolat al., 2002; Osunade, 2002; Salau, 2003; Olusola, 2066gyoet al., 2010a and 2010b; Olawuyi
et al., 2012). A major consideration in the use of ampetpf concrete is its quality which is largely detaed by its
constituent materials. Such measures of qualitietude satisfactory performance in compressivengtte and
environmental durability requirements. Effects ofrosive substances such as alkalis, sulphuric @ti80,) and
corrosive salts such as sulphates and chlorides wiresent in solutions on concrete have attracleti @ attention
from researchers. However, effects of nitrates aitdc acid (HNQ) solutions appear to have been given less
attention (Mtallib, 2002). Bickzack (1967) reportidxht most of the salts of HNQvith the exception of ammonium
nitrate (NHNQOs) are not detrimental to concrete at very low cotiegions; NHNO; has been observed to be very
aggressive to all concrete and mortars.

Nitric acid can be formed from the compounds ardiceds of nitrates in the presence of water and ithilargely
responsible for the corrosion of concrete (Mus®2)9Nitric acid occurs in chemical plants prodgciexplosives,
artificial manure and similar products. Though HN® not as strong as,BO,, its effect on concrete at brief
exposure is more destructive since it transformesciicium hydroxide [Ca(O}] of concrete into the highly soluble
calcium nitrate salt and a low soluble calcium odtuminate hydrate. The process can be represdmytethe
equations below.

2HNG; + Ca(OH) = Ca(NG),*2H,0 [Calcium nitrate]
Ca(NG,),*2H,0+3Ca0+A}0;+8H,0 > 3Ca0+ALO;*Ca(NO;)»*10H,0 [Calcium nitroaluminate hydrate]

Mtallib (2002) investigated the compressive stranmgftregular concrete in contact with nitrate-basebstances and
concluded that there was a reduction in the comspresstrength for all specimens in contact with yiray
concentrations of HNQ
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Using procedures similar to that adopted by Mta|p02), the present study aims at investigatimgdbmpressive
strength of laterized concrete exposed to varyiogcentrations of nitric acid with a view to deteniny its
durability performance when in contact with nitratesed substances.

2. Experimental Procedure

2.1 Materials

The basic materials used in this study are lateritersand, both of which were used as fine aggesy washed
gravel used as coarse aggregate, ordinary Poritantent (OPC) of strength class 32.5 (conformingth®

requirements of Nigerian Industrial Standard, NI&442003, and British standard, BS EN 197-1:20088duas
binder and tap water. The choice of this strengéisscas opposed to strength class 42.5 for consteietural

purposes was made to simulate the common uninfopresctice on most low-rise building constructiotesi The

use of both strength classes has been adoptedniora elaborate on-going further study on acid taste of

laterized concrete. The summary of the physicgbgriies of the soil samples used are shown in Thblée listed
values indicate that all the soil gradations comfdo BS 882: 1992 gradation limits for aggregated are suitable
for concreting. Two common nominal mix ratios nayn&il:2 and 1:1.5:3 having laterite as substitfibessand in

the fine aggregates fraction in gradation of 098028nd50% were used in each case. The water/ceatarg of the
selected mixes determined from the results of gipus research (Olusola, 2005).

For the respective laterite fractions are 0.4550amd 0.60 for mix proportion 1:1:2 and 0.65, a6l 0.70 for mix
proportion 1:1.5:3. The laterized concrete mixesl d®0mm cubes were prepared and cast respectively i
accordance with the provisions of BS EN 12390-3200hree replicates were used in each case. Tieochef
curing involves covering the cubes with sacks whigre kept consistently moistened for 21 days. Timghod of
curing, instead of complete immersion in water dates one of the best site-curing conditions (Mialt002). The
concrete cubes were then air-dried in the laboydtor7 days to ensure that there was no pore-wattire concrete
during testing.

Slump test (in accordance wiBSEN 12350-2:200pwas carried out to measure the workability of @lhcrete
mixes. At the end of 28days of casting and moistng, three cubes were randomly selected from exctihe
concrete mixes and tested for the compressivegttreihe acid- water proportions required for 0%, 3.0%, 15%
and 20% acid concentrations were volumetricallyedeined. The concrete cubes were immersed in theusa
nitric acid concentrations. At the end of the imsien periods of 28days, 56days, and 84days, thubescwere
removed from each of the different concentraticinthe acid medium, thoroughly rinsed with tap wated air dried
in the laboratory for some hours before testingHieir compressive strengths. In addition, furthesessments of the
performance of the specimen were made from visssgssment, mass loss and strength deterioratitor {&DF).
This follows the approach used by Sivakumar andtM2008) and Hewaydet al, (2007).

The visual observation of acid attack was madeguaiperformance scale of 0 for no attack, 1 foyatight attack,
2 for slight attack, 3 for moderate attack, 4 fevere attack, 5 for very severe attack and 6 fdigbalisintegration
(Al- Tamini and Sonebi, 2003)

The percentage of mass loss at the end of eachrsiomeperiod was calculated according to Equation 1
Mass loss % = ((M— Mp)/M,) x 100 (1)
Where,

M= Mass of specimen before immersion

M,= Mass of specimen at the end of immersion period

The Strength Deterioration Factor (SDF) which ime@asure of the reduction in compressive strengthaatculated
using Equation 2. (Badt al., 2003; Han-Young Moost al., 2003, Hewaydet al., 2007 and Sivakumer and Murthi,
2008).

SDF = [(f:lzs— fca)/ (fclzg)]x 100 (2)
Where,
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fc126 = @verage compressive strength of moistened ctencobes at first 28 days.
f.a = average compressive strength of concrete culve®ised in the acid solutions.

It should be noted that the concentrations of asied in this study are on the high side. This patamhas to be
adjusted in order to accelerate the degradatiorobtain results more rapidly within the 84days xj@sure. Despite
its shortcomings, this approach has the advantaehe entire life of the specimens in questiam loa stimulated.
Further studies that make use of more realisticeloacid concentrations for much longer immersiorioos (over
one year) is on-going.

3. Resultsand Discussion
3.1 Visual Assessment

Table 2 shows the summary of the visual assessofi¢ie cube specimens after 84days (12 weeks) wigirsion in
the various nitric acid concentrations. The speosnémmersed in water did not show any visible s
deterioration after the 84-day immersion periocnfriTable 2, it was observed that the laterized @rcconcrete
specimens prepared from mix 1:1:5:3 suffered atgretegree of acid attack than those prepared frdn2 concrete
mix in all the acid solutions. The mixes having 5G#erite content were the most affected. The dm@ion of the
laterized concrete mix specimen ranges from moedmatwery severe attack. The edges and surfacegeaimens
attacked severely and very severely disintegrateibly with brownish grease like substance (dotédntervals
with greenish patches) deposited on the surfaceeofmmersed specimen. It is thus possible thaicracid attack
on laterized concrete could be recognized by brswibloured gel with few greenish patches on thtase of the
concrete.

2.2 Srength Deterioration Factor (SDF)

The compressive strength increased throughoutntimeersion period for the zero percentage conceotraif the
acid. As shown in Table 3, the specimens continlyoasred in water after the first 28 days of modsiring
exhibited slightly higher compressive strength titamse continuously cured in moist conditions. Tdliservation
agrees with earlier assertions by Olusola (200&) ¢hring by complete immersion in water is thet i@sbeneficial
strength gain for laterized concrete specimens.

The SDF (Table 3) increase with increasing conegiotr of acid. The deterioration of both the cotel@®% laterite
content) and laterized concrete specimens (25% @%@ laterite contents) within the first 28days rofiersion in all
acid concentrations investigated is far greaten tharing the subsequent immersion periods. Mora 8@#6 of the
total SDF observed at the end of the 84days oatusithin the first 28days in the 5% acid concemtrag. This
could be attributed to the fact that the strendththe acid at 5% concentration would have been lfighduced
during the first 28days of immersion resulting immélder attack on the laterized concrete during té@aining
period of immersion. Similar observations had eaflieen made by Mtallib (2002) with normal concsgiecimens.

The pattern of variation of SDF with immersion periat 5% acid concentration is similar to what whserved in
all other acid concentrations (10%-20%), althougghér values of SDF were recorded for the latter these
concentrations, not less than 70% of the 84-dagriateation occurred within the first 28days of immsien. In other
words, as immersion period increases, SDF incrdasgasot proportionately.

The observation might be attributed to the fact #i&b6 days, the surfaces of the laterized coaarebe specimens
were temporarily protected by the brownish, gedlideposit surrounding, the cubes, hence reduciegatid
aggression beyond the 56 days of immersion.

Figures 1-6 shows that the compressive strengtheofested concrete and laterized concrete culmeabes as acid
concentration increases. In addition, Table 3 frrileveals that the higher the concentration ofattid, the greater
the SDF of the tested specimens. The SDF, howdwes not appear to be directly proportional todtwecentration
of the acid. For example, at 20% acid concentradiach for 1:1:2 mix, 25% laterite content, the oldted SDF was
obtained as 54.3% at the end of 28days of immelisiatid; whereas , at 5% concentration . (1/4 @ for the
same parameters, the SDF was obtained as 26.6%Yo%apptely half of SDF at 20% concentration).

Also, from Figures 1-6, the compressive strengtltufes immersed in the various acid solutions fomixes
decreases with increasing immersion period. lpigd that the acid is not being renewed at theoérdery 28 days
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and no mechanical agitation was involved. Sincg ohkemical action is present, a slowly growing fayedegraded
material is formed and this might have slowed ddunther reactions. If chemical action had been doexb with
mechanical action, abrasion might have helped e the degraded layer and leave a new surfateteasing
chemical attack as immersion period increases vihédgH of the acid solutions are averagely maireizi

It is further observed from Table 3 and Figures thét the richness of the mix does not have an eajgirle

influence on the SDF, and hence on the resistahtee@oncrete and laterized concrete specimetisetaggressive
action of the nitric acid solution of varying comteations. Mixes of comparable compressive strenfgthexample

at 25% laterite content for mix 1:1.5:3 and 50%iié¢ content for mix 1:1:2, the rate of deterimatat all acid

concentrations observed from Table 3 appears tsirbgar and may thus be independent of the aggeégmmhent
ratio; it is however noted that the mix 1:1:2 a¥®laterite content with higher compressive strengtlues exhibited
slightly higher values of SDF at all levels of acioncentration investigated. This observation wittbably be the
result of the combined influence of richness andgrtage laterite content of the mixes.

Table 3 further shows that, except in some fewgabe higher the percentage laterite contentdoh enix ratio, the
lower the SDF at all acid concentration levels. ldger, this does not translate to higher compresstirangth at
increasing laterite content in an acidic environm&ather, the test results only showed that thexg a decrease in
rate of strength reduction as laterite contentdases. Ordinarily, richer mixes, that is, highempeessive strength
mixes are expected to offer greater resistanceitbadtack; hence such should exhibit lower SDFplpears that the
introduction of laterite into the concrete mixtuakered the expected pattern of variation. Whenmady cured in
water, concrete exhibits higher compressive sttemgita specified age than laterized concrete peepfiom the
same mix. This have been attributed by Olusola §2@0 higher rate of cement hydration in the coneral
concrete and presence of river sand which is coathbogalmost 99% silica (which is almost a purertpmaterial-
a stiff, stable, lowly porous, high compressiveesgth material). On the other hand, in laterizedccete, a
percentage of the river sand content has beencegpliay laterite which contain about 63% silica &ad a higher
loss on ignition (LOI) close to 9% compared to theaner sand whose LOI is often less than 1% (Cd&D05).
Thus, in laterized concrete, lesser quantitieslicbse and calcium ions are produced at a sloats r

This, in effect might reduce the rate of attackaloid. At any particular age, there will be morecalcium hydroxide
available for reaction with the acid resulting imethigher rate of deterioration in the normal ceterthan in
laterized concrete. Usually,an acid attack is disgad primarily by two main features; absence dficed hydroxide
in the cement paste and surface distribution ofete#npaste exposing aggregate. This observationt dhtauized
concrete needs further investigation.

2.3 Mass Loss.

Generally, percentage mass loss after a periochiwfersion increases with acid concentration and irsimie period

for each mix and at each laterite content investijaFor mix 1:1:2 and between 0% and 25% lategtgent, the

mass loss increases as laterite content increldegsever, beyond 25% laterite content, the massdesgeases. This
was clearly observed from Table 3 at 5% and 109 aoncentrations. Similarly, this second patterrs \&s0

exhibited by the lesser rich mix 1:1.5:3. Againe timfluence of incorporating laterite in concrete the acid

resistance of the resulting laterized concretevidemt. Table 3 shows that more than 10% loss issmdue to

immersion in all the nitric acid solutions was restexd after 28days immersion period for the two mitested.

3. Conclusions
The following conclusions are drawn from the resilthe investigations;

e« The specimens immersed in water did not show asiplei sign of deterioration after the 84-day imnrs
period but rather show continuous improvement imgr@ssive strength.

e Visual assessments showed that the laterized denspecimens having higher laterite content fohezcthe
two mix ratios investigated experience greaterritetion when immersed in nitric acid solutions.

« The compressive strength of both the concrete ateiized concrete specimens decreased with inogeasid
concentration, immersion period and laterite conten
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e Laterized concrete cubes continuously cured in mwatehibited higher compressive strength than those
continuously moist-cured.

« The higher the concentration of the acid, the gretite SDF; however, the SDF is not directly préipoal to
the concentration of the acid.

¢ The SDF of the tested specimens increased witle@song immersion period in nitric acid solutionewever,
the SDF is not directly proportional to the immersperiod.

*  More than 50% and 70% of the total SDF calculatethe@ end of the 84-day immersion period occurrétin
the first 28 days of immersion in 5% and highedamncentrations respectively.

« Hence , five percent concentration of the acid ¢his realistic practically) within 28days of imrs&m
significantly reduced the compressive strength @hlconcrete and laterized concrete to a very laes in
each case.

« The rate of deterioration of mixes of comparabtergjth appears to be similar and may be indeperafehe
aggregate/cement ratio alone.

* The combined effect of richness of mix and latedtatent on resistance of laterized concrete tacrécid
attack becomes more pronounced at the highest B@8ité content. Generally, the higher the permmt
laterite content for each mix ratio, the lower tBBF at all acid concentration levels. It appeagdasing
laterite content slows down the rate of acid attack

¢ The use of 20% nitric acid concentration for ac@ekl test in this study appears unrealistic arahithe very
high side.

* Generally, the percentage mass loss after a pefiachmersion increases with nitric acid concentmatand
immersion period for each mix and at each latexitetent investigated.

e More than 10% loss in mass due to immersion iricnécid solutions was recorded after 28days fortihe
mixes investigated.

4. Recommendations.

1. The study has shown that laterized concrete islhighinerable to acid attack. Hence, its use wdgdimited
in environments exposed to nitrate-based substaRcebably, the use of water proofer and supettipiasr to
enhance higher resistance to water absorption ghéhcompressive strength at lower water/cemeit raay
serve to improve its performance in aggressiverenmient.

2. The long term (more than a year) acid resistandatefized concrete at more realistic nitric acith@entrations
less than or equal to 5% and at laterite conteatwden 0% and 50% measured in steps of 10% onbxxds
further investigation.
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Fig 6: Variation of compressive strength with acihcentration (mix ratio 1:1:2, 50% laterite contan0.60w/c)

Table 1: Summary of the physical properties of saihples used.

) Type of soil
Properties i
Laterite Sand Grave
Fineness modulus, PM 3.03 3.2 6.80
Coefficient of uniformity, CU 4.96 4.42 2.50
Relative density 2.55 2.64 2.66
Water absorption (%) 8.71 3.50 1.29
Liquid limit LL (%) 36.5 - -
Plastic limit PL (%) 175 - -
Plasticity Index 19.0 - -
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Table 2: Visual assessment of laterized concreterideation level at end of 84 days immersion petrad 28days
cured specimens.

Mix % Laterite | Acid Concentration
proportion Content 0% 5% 10% 15% 20%
1:1:2 0 0 3-4 3-4 4-5 4-5
25 0 3-4 4 4-5 5
50 0 3 4 4-5 5
1:1.5:3 0 0 4-5 4-5 5 5
0 4 4-5 4-5 5
0 4-5 4-5 5 5
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Table 3: Compressive strength, mass loss, andgstreteterioration factor of laterised concrete esqubto varying
nitric acid concentrations.

Compressive strength N/mmz

Acid concentration

MP | LC(%) | W/C Slume fc, 28 (N/mm?) P 5% 10% 15% 20%
(mm) (days)
Moist cured water cured

SDF | ML | SDF | ML | SDF | ML | SDF | ML
28 48.7 47.8 20.1 | 106 | 33.8 | 143 | 41.1 | 191 | 53.0 | 26.5
0 0.45 36 453 56 50.7 51.8 31.8 | 13.7 | 42.8 | 179 | 49.2 | 24.2 | 56.3 | 30.0
84 52.6 535 389 | 169 | 47.7 | 21.4 | 589 | 27.1 | 65.8 | 33.3
28 35.6 36.0 26.6 | 11.5 | 30.7 | 15.6 | 37.9 | 20.8 | 54.3 | 26.9
1:1:2 25 0.55 50 335 56 37.4 38.1 316 | 151 | 379 | 214 | 478 | 26.0 | 56.4 | 32.8
84 40.3 40.0 343 | 17.3 | 43.0 | 223 | 493 | 275 | 61.8 | 353
28 335 331 21.4 | 109 | 33.6 | 14.5 | 36.8 | 21.3 | 51.3 | 28.6
50 0.60 48 304 56 34.2 34.5 27.3 | 14.7 | 36.8 | 188 | 46.4 | 24.8 | 59.2 | 32,5
84 35.9 36.0 326 | 16.6 | 444 | 21.1 | 47.7 | 273 | 64.8 | 36.6
28 27.2 294 209 | 14.2 | 26,5 | 17.5 | 39.2 | 23.3 | 56.3 | 32.3
0 0.65 62 26.8 56 28.7 311 243 | 15.8 | 32.8 | 20.7 | 49.6 | 29.5 | 63.1 | 35.3
84 30.3 33.6 36.6 | 16.7 | 433 | 21.8 | 50.0 | 29.7 | 67.2 | 37.2
28 32.0 334 19.9 | 140 | 280 | 17.7 | 340 | 204 | 52.6 | 30.8
;:1.5 25 0.65 36 29.1 56 34.0 35.3 26.5 | 15.8 | 354 | 21.1 | 47.4 | 25.3 | 58.8 | 33.5
' 84 36.0 36.8 354 | 170 | 426 | 219 | 443 | 276 | 639 | 370
28 254 25.0 15.2 | 13.6 | 296 | 16,5 | 33.6 | 184 | 525 | 293
50 0.70 33 22.3 56 27.0 28.3 25.1 | 15.2 | 354 | 19.6 | 41.7 | 23.5 | 57.8 | 31.2
84 30.8 31.7 336 | 16.3 | 39.5 | 223 | 520 | 26.1 | 619 | 35.6

MP: Mix proportions;

LC: Laterite Content;
WI/C: Water/ Cement ratio;
SDF: Strength Deterioration Factor;
ML: Mass Loss and

IP: Immersion Periods.
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