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Abstract

Laterite is one of the major materials used in higi pavement construction in Nigeria. Its properiee affected
by some environmental factors which may make iuitable for highway pavement construction. Thiseegsh was
aimed of investigating the effect of pH on geotechhproperties of Laterite soil used in highwaynstiuction.
Laterite soil sample was collected from a burrowgpiLAUTECH and it was sun dried for about 24 rwand then
soaked in different pH solutions (pH =3.0, pH=%6{ = 7.0 and pH= 9.0) using diluted tetraoxosulph@f) acid
(H2SOy) and ammonia. The container was perforated abditim in order simulate the actual field conditidime
soil samples were taken from soaked sample at 8442, 56, 70 and 84 days for sun drying and sulesgq
laboratory tests. The original and treated sampiee subjected to the following laboratory testgv& analysis,
Liquid and Plastic limits, Plasticity index, Britistandard compaction and California bearing ratio.

The results showed that the pH of the solutiongtiamng influence on the geotechnical charactesigifdhe Laterite
soil when compared with the original soil samplbisTinfluence caused reduction on the strength qatms of the
soil and thereby rending it unsuitable for highwaystruction.

Keywords:. Laterite, pH, consistency limits, California beayiratio,

1. Introduction

Laterite soil is one of the commonest materials t@ widely used in the construction of Civil emggring
infrastructures, such as earth dams, covers ards|itorick houses, roads and so on. Road pavemeahstructed
in layers in Nigeria; the layers are subgrade, asbp base and surfacing. The first three layersnaostly
constructed using Laterite soil depending on theeeted traffic volume and intensity and suitabilifythe soil in
terms of specifications (Agbede and Osuolale, 2808 FMW, 1997). These first three layers are pteteérom
infiltration of water by the surfacing which is nilysconstructed using Asphaltic concrete, howevbere are
situations where all the layers are submerged hlgrwa@hese may occur when an area is flooded \aith or river
overflows its boundary. Various researches had lweeried out on the geotechnical properties of fiesoils
(Agbede and Osuolale, 2003 and Okunade, 2010). kenwvdéewer researches had been carried out in &we n
emerging interdisciplinary field of environmentaajechnics. Sunil, et al, 2006 investigated theotfdf varied pH
on geotechnical properties of Laterite at varyirayd He discovered that the consistency limitsease with
increase in number of days in the acidic condibbahdecrease with number of days in the alkalirediteon. There
was also reduction in the compressive strength withease in number of days for both the acidic alkaline
conditions. However, their experimental set up sahbe said to have perfectly simulated the adield condition
because the Laterite soil samples were only madeblocks before soaking in the acidic and alkafpkitions. The
influence of Calcium and Copper salt on soil cobresiangle of internal friction, consistency limitsgmpaction
characteristics and California bearing ratio weneestigated by Ayininuola et al, 2009 and Osuotald Oluremi,
2010. The study revealed that calcium salt causéiliincrease in the cohesion and angle of irgkffriction,
although there was reduction in these properties #fe initial increment. For the copper saltr¢heas a reduction
in the consistency limits, which is a plus if thaterial will be used for Civil engineering constiioo, however, the
strength of the soil reduces with increase in nunatbelays. Sharma et al, 2010, Sharma et al, 20ti1Sharma et al,
2012 examined the effect of acid rain on the gdotieal properties of high and low plasticity anddk cotton soils.
It was revealed that the acid rain affects the isbaiscy limits as well as the strength properti€she soil. The
variation was more pronounced in soils with lowspilgty than those with high plasticity. The varsotesearches
had examined the effects of various chemicals erptioperties of soils but none had considered d¢iiheen used
for highway construction and most of them did netfectly simulated the actual field condition. Téfere, this
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research is aimed at examining the effect of pHngha on the geotechnical properties of Laterit¢ ss@d in
highway construction.

2. Mechanism of reaction

During acid rain, different types of dilute acicegroduced depending on the type of gases in thespthere. In this
research, sulphur (IV) oxide gas was considereé. Jds can be a product of combustion of gasoliaedbntains
some sulphur. The sulphur (IV) oxide reacts wittttfar oxygen to produce S@s shown in equation (1). The $O
is precipitated when there is rainfall and it reastth the water to give dilute Hydrogen trioxoswpe (VI) acid as
shown in equation (2).

2$2((9) +02(g) - 2$3(g) - --- —— —_—— (1)

SO3(g) + Hzo(|) - H2$4(aq) - - T T ()

The Laterite soil contains some compounds but #iées of silicon, aluminum and iron are the majongtituents.
The oxides react with the acid rain to give depok@luminum, silicon and iron salt as shown belowequations (3)
to (5). The reactions between the oxides and tltkram weaken the bond between the compoundseof ttterite
soil thereby affecting the properties of the shdtthad been used in construction of highways.

3H 2$4(aq) + AI 203 - A|2($4 )3 + 3H 20 """"""""""" (3)
2H,90,,, +2S0, - 25(80,)+2H,0+0, -w-emee (4)
2H,0,(,) + 2Fe,0,  2Fg,(S0,)+2H,0+0,  ----mmme 5)

3. Materialsand Method
3.1 Materials

The core materials used in this research work aterlte soil sample obtained from a burrow-pit tedaat Ladoke
Akintola University of Technology (LAUTECH), Ogbormeo, Nigeria, Tetraoxosulphate (VI) acid ,§0y),
Ammonia and perforated plastic containers for satin the field condition of infiltration of the i@crain into the
highway pavement.

3.2 Method

300 Kg of Laterite soil sample was collected frdra burrow-pit, the soil was thoroughly mixed in thboratory in

order to produce homogeneous sample. The homogemsaople was divided into five portions. Each porf the

soil sample was stored in the big perforated mlastintainers labelled I, II, lll, IV and V. The damers were
perforated at the bottom so that the water camndskwly in order to simulate the actual field citimh. The

tetraoxosulphate (VI) acid and the Ammonia weredue prepare solution that has pH of 3, 5, 7 andtg&e

container that was labelled | is the control setwiple the solutions with pH of 3, 5, 7 and 9 we@ured into
containers labelled II, 11, IV and V respectiveljhe five containers with its contents were themwed for about 90
days in the laboratory. Soil samples were colledtedch the containers at 14, 28, 42, 56, 70 and &#sdThe
samples were air dried and laboratory tests wemgedaout on them in accordance with the procedind3S 1377
(BSI, 1990). The laboratory tests are sieve amng|lysjuid limit (LL) plastic limit (PL), plasticityindex (P1), British
compaction and California bearing ratio.

4. Resultsand Discussion
4.1 Properties of the original sample
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The summary results of the engineering propertiegbe original soil before acidification are pretshin Table 1.
The sample is classified as A-2-6(0) using the AASHlassification system. From the results, thegarnontain
less fine particles because the percentage pasising No. 200 is less than 35% and it implies thatmaterial may
not be vulnerable to swell when in contact with @vaiThe consistency limits and California beariatior are with
the specification of the Nigerian Ministry of worlSMW, 1997). Hence, the sample is a good subgnsaterial and
it can be equally used as filling material.

4.2 Consistency limits after contamination

The results of the liquid and plastic limits andgticity indices at various pHs are presented inlda below. The
liquid limits at pH of 3, 5 and 7 increased witltiease in numbers of days, this may be due toxchange that
took place between the'tand APF*, SE* and F&" and deflocculation. In addition, the acid soluttbat was added to
the soil might likely split up the particles of tlseil thereby increasing the surface area and r@swt makes the
sample to absorb more water (Sunil et al, 2006gs€hresults are in conformity with the finding dfana et al,
2011 and Sunil et al, 2006. It can also be dedtitaidthe consistency limits decrease as the pHistemneutral and
later increase when the soil is in alkaline cooditiThis shows that the pH has serious effect erctmsistency of
soils, therefore, Highway engineers should makéd shat adequate drainages are provided all roadipassibility
of acid rain infiltrating into the subsoil of higlay pavement is eliminated.

The consistency limits however decrease with ire@ea numbers of days when the soil condition wkaliae in
nature. There is a possibility of the ammonia réuythe surface area of the soil sample by incregsie bonding
force between the particles.

4.3. Compaction

The results of the maximum dry density and thermopth moisture content are presented in Table 3 heldw
MDD decreases with increase in number of days &@heof the pH condition. This indicates that thenpounds of
soil particles are been disintegrated as showngiratons (3) to (6) in section 2. This reductiondiensity will
definitely affect the strength of the soil samflee OMC however increase with increase in numbetags for each
of the pH. These can be attributed to increasgéatific surface area and texture as a result ohttiwities of the
acid and the base.

4.4 Srength characteristics

The strength properties of all the samples werecedfl by the variation in pH with time. The CBRtlbé samples
decrease with time but it is more significant ingh samples that were soaked in water before ngrogt the CBR
test. It has been reported by Sunil, 2006 thattralition for laterization is availability of irorieh minerals in the
parent bed rock and the cementation in Lateriteisaue to the presence of free iron oxide. Thera possibility
that the iron oxide had been leached by the adidtlaa base, thereby causing the bonding forcestinden the soil
particles to reduce and invariably causing thengfite properties to reduce as it shown in Figurelbs.

5. Conclusion

The study revealed that the geotechnical propedidsaterite soil are greatly affected by the chag pH. The
consistency limits decrease with increase in nundfedays at the varied pH. The changes in pH cauaa#den
exchange and this weakens the electric attractiorefbetween the soil particles and invariably o#ida in strength
of Laterite soil.
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Table 1. Properties of the original soil before contamination

Property Value
Percentage passing No. 200 BS sieve (%) 30.00
Liquid limit (%) 36.00
Plastic limit (%) 25.09
Plasticity index (%) 10.91
AASHTO classification A-2-6(0)
OMC at British compaction (%) 12.50
MDD at British compaction (g/cf 1.90

CBR (Unsoaked) (%) 37.86
CBR (Soaked) (%) 26.89
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Table 2. Consistency limitsat varied pH
pH 3 pH 5 pH 7 pH 9
Days | LL PL Pl LL PL Pl LL PL Pl LL PL Pl
(%) | () | () | () | (%) %) () | () | | () | () | (%)
14 38.00 | 25.00 | 13.00 | 40.00 | 18.89 21.11| 37.00 | 15.43 | 21.57 | 45.00 | 21.34| 23.66
28 41.00 | 19.15 | 21.85 | 42.00 | 30.73 11.27| 36.00 | 21.81 | 14.19 | 44.00 | 19.26| 24.74
42 45.00 | 16.93 | 28.07 | 43.00 | 34.93 8.07 54.00| 15.41 | 38.59 | 44.00 | 24.22| 19.78
56 45.00 | 26.76 | 18.24 | 43.00 | 21..96 | 21.04| 40.00 | 17.12 | 22.88 | 41.00 | 14.36| 26.64
70 48.00 | 23.84 | 24.17 | 47.00 | 21.40 25.60| 44.00 | 26.00 | 18.00 | 40.00 | 19.31| 20.69
84 53.00 | 22.86 | 30.14 | 49.00 | 21.12 28.88| 41.00 | 20.79 | 20.21 | 36.00 | 18.25| 17.75
Table 3. Compaction characteristicsat varied pH
pH 3 pH 5 pH 7 pH 9
Days| MDD |OMC | MDD | OMC | MDD | OMC | MDD | OMC
(g/ent) | (%) | (glent) | (%) | (glend) | (%) | (gfent) | (%)

14 1.93 15.00 2.00 11.00] 1.90 12.50| 1.93 14.00

28 1.88 11.75 1.95 15.50| 2.03 13.00| 1.93 16.00

42 1.85 13.50 1.92 17.00| 1.85 13.00| 1.85 12.50

56 1.86 13.00 1.87 15.00] 1.96 15.00| 1.80 16.00

70 1.82 15.00 1.85 12.50| 1.87 15.00| 1.80 16.50

84 1.74 17.50 1.80 16.00| 1.87 17.75| 1.73 14.75
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Figure 1. California bearing ratio at different pH
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