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Introduction

Concrete is one of the commonly used constructiaterials but there is a need
to develop new and sustainable technologies to roakerete more affordable in
a developing country like Nigeria. The use of atamty available materials, like
laterite, to replace normal aggregates in concfetestructural purposes could
make the use of concrete technology in developimgntries more economical
if some reliable design data base on concrete peablwith such materials was
established. Laterites naturally occur widely ia thopics and subtropics. Laterite
soils are common types of soils in Nigeria andsgmead all over the country. This
material has been satisfactorily used as a filéiggnt for foundation and as a base
course for highway construction as well as a prjnfare aggregate in the manu-
facture of the building blocks commonly referrecato“iatentic blocks” [1-3].

In ordinary structural concrete the aggregate oesup0+75% of the volume
of hardened mass and in similar vein it occupie® @@ more in asphalt cement
concrete [4-6]. It is inevitable that a constituentupying such a large percentage
of mass should have an important effect on the grit@s of both the fresh and
hardened product. Their impact on various charesties and properties of con-
crete is undoubtedly considerable.

Aggregate can be classified as fine or coarse ggtgeFine aggregate is gen-
erally natural sand and is graded from particles sif 5 mm down to the finest
particles size but excluding dust. Coarse aggrdgatatural gravel or crushed stone
usually larger than 5 and usually less than 16 mamnis ordinary structure [6, 7].
In this research, the emphasis will be on latagidine aggregate. Lateritic soils,
being locally available, have been one of the mhjdtding materials in Nigeria,
and in most tropical countries in general [1, 3, 8]

Laterite is a weathered material composed prinlyipal iron oxides, alumi-
num, titanium and manganese, and is classifiedsadtgporous earthy soil; often
found 15 cm below the top soil [3, 7, 9].
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The performance of laterite as fine aggregate ogpfent in concrete has been
found to produce good results [10, 11]. This wasfibmed that laterite can be
used as cheap, environment-friendly and readilylae fine aggregate for con-
crete production, where it is available in substdrquantities, leading to major
reductions in the cost of concrete manufacturd 21 13].

The compressive strength of concrete is commonhsidered in structural
design but for some special purposes the tensiémgth is necessary (e.g. shear
and crack resistance in the design of highway drfigld slabs). There is no linear
relationship between concrete compressive andl¢esisength as the ratio of the
two strengths depends on the strength of condretither words, as the compres-
sive strengthffy) increases the tensile strengff) increases but in a decreasing
rate. A number of empirical formulae connectingndf.,, have been suggested,
many of them are of the type:

fi = k(fcu)n
where:k andn are coefficients.

Values ofn andk have been suggested which n varies between 0 5-abdk
between 0.12+0.3 [14-18].

Studies on the compressive and tensile strengthstefized concrete have
shown encouraging results, but the lack of suffictechnical data has limited its
wider application in construction work. The inadaqgies of research data call
for the need for more research work to evaluateréievant characteristics of
laterized concrete necessary to enable the develaipai standards and codes for
safe, economical and functional application of tireposed laterized concrete
(LATCON).

The criterion for concrete strength requiremerdligays based on the charac-
teristic compressive strength obtained after 28-claging [19-21], but there is
need to check concrete strength of other curingpggsibelow the 28-day one.

1. Materials and methods

Physical and mechanical properties such as gradipecific gravity, water
absorption, aggregate impact and crushing valuesypsand compaction factor,
and compressive strength were determined for timel, skaterite and concrete
produced.

1.1. Materials

All the materials used for this work confirmed witie British Standards and
American Society for Testing Materials (ASTM). Finggregate (sand), laterite,
coarse aggregate, cement, and water were the alatesed for the purpose of this
study. They were selected and tested in accordaitic®ritish Standard (BS) Codes
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of practice or specifications and American SocfetyTesting Materials (ASTM),
recommended standards. Both aggregates used cdmwlile the requirements
of BS 882.

The fine (sand) aggregate used was river-bed sgel which was obtained
locally from river Bako at Kpankungu along Fedetaliversity of Technology,
Gidan Kwano main campus, Minna. The laterite ssilduwas also obtained locally
from burrow pits located around Tsohon-Gada villalgsg Minna - Kataeregi road,
Niger State, Nigeria. The coarse aggregate usedoneshed gravel of 25 mm
maximum size obtained from Yarmuk Nigeria Limitedagry site along Paiko -
Lapai road, Niger State, Nigeria. It has a unitgheiof 1363.75 kg/fhand specific
gravity of 2.65, bulk density of 1413 kgirwater absorption and moisture content
of 0.46 and 0.70%, void ratio and porosity of Oadi8l 11.24%, average impact and
crushing values of 12.75 and 20.28% respectivehgimary Portland cement of
Burham brand used as main binder for all the cdacngixes was purchased in
bags of 50 kg from local distributors in Minna amfdrecent supply, free of adul-
teration. The brand of cement used conformed tolB3991. The unit weight,
specific gravity, fineness, consistency, soundnieégal and final setting times of
cement are 1440 kgAn3.15%, 0.75%, 32%, 0.58 mm, 148 and 215 minutes,
spectively. Potable clean tap water, free from irepubstances such as alkaline
salt, acid and organic matter was used for the redagroduction. The materials
were transported and stored in laboratory prentisésre use.

1.2. Methods

Physical and mechanical properties of laterizedciste were conducted
in accordance with BS and other related codes attime and specifications.
The sieve, specific gravity, impact and crushinguea test analysis were carried
out in accordance with [22-26] respectively.

Concrete of mix proportion 1:2:4:0.6 and 1:2:2:@6&ment: sand: coarse aggre-
gate: water/cement ratio) containing varying petages of laterite as a substitute
for sand was used for this research. The replaceleis of sand by laterite con-
sidered were 0, 20, 40, 60, 80 and 100%. Controtiede (concrete with sand
only) was also produced for reference purpose.agcof all the concrete con-
stituents was by weight. The concrete ingrediemsevmanually mixed thoroughly
with a pre-calculated amount of water. The freshceete was then placed in cubi-
cal moulds of size 150 mm lightly oiled before @agtof test specimens. This was
conducted in accordance with [27].

Six cubes and six cylinder specimens for each cephent level were cast
from a single batch of concrete in moulds. The Bpens were demoulded after
24 hours and immersed in water in a curing tanknta@ed at room temperature
for 7-, 14-, and 28-day period before testing fa tespective strength characteris-
tics. Six cubes for each replacement level werelywed for the water absorption
test. The cubes were weighed in a balance befatafiar immersion in water for
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24 hours. The difference in the weight before dtet @anmersion in water expressed
as a percentage of the weight before immersiontakan as the water absorption.

For water absorption test, specimens were weigleéatd and after immersion
in water for 24 hours. Water absorption was theerdgned as the difference in
the weight of specimen before and after immersiowater relative to the weight
of specimen before immersion in water, expressqieicentage. This was carried
out in accordance with [28]. Curing was done by amsion of hardened concrete
in water tank situated in the laboratory, and s in compliance with [29].

Workability of the specimen was determined throsgimp and compacting
factor tests which were conducted in complianc30f 31] respectively.

The procedure for the compressive strength tesssomaducted in accordance
with [32] and the machine used for this purposechmleed with [33] specifica-
tions. The concrete strength was confined to cheratic concrete strength grade
of 20 and 25 N/mm(C20 and C25).

2. Results and discussion

After sieve and specific gravity analysis fine agggate was found to be under
standard F-classification and falls under the grgdimit of Zone 2 conforming to
the requirements of [34], with sand and lateritgilg a specific gravity of 2.60
and 2.50 respectively. The particle size distrimutof the sand and laterite are
shown in Figure 1.
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Fig. 1. Particle size distribution of sand andrit¢e

The percentage silt content in sand and laterite 2v86 and 8.95 respectively.
The laterite had higher percentage of silt anddelow the lower limit of zone
boundary.

However, the sieve analysis of 40% percent latenitd 60% sand fell within
the upper limit and lower limit suggesting thatsttdomposition could be used
in the manufacture of laterized concrete.
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2.1. Workability

Figures 2a and 2b present the results of the wdityabf LATCON measured
in terms of slump test and compacting factor iroettance with [30, 31] for nominal
concrete design strength of grade 20 and 25 N/raspectively.
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Fig. 2. Slump test versus % of laterite in LATCONM: fa) C20, b) C25

Both graph plotted show that the workability of #wncrete increases with the
replacement level of sand by laterite possibly tiuthe presence of laterite fines
that were greater in size than the particles ot replaced in the mix.

Additionally, aggregate size and texture affectkatility of concrete.

2.2. Water absorption

The mean of triplicate test results of the watesoaption test presented in
Figure 3 show that normal concrete (control i.e. |@%rite) absorbed more water
than LATCON for both class C20 and C25. It is oleedrthat the water absorption
decreased with increase in the replacement levelodl by laterite. This may be
due to the filler effect of the laterite in the cogte. The cement fine plus the later-
ite fines may have filled more concrete pores inTCON compared to the plain
concrete, thus making LATCON less porous. The walbsorption of C25 is lower
than that of C20; possibly due to higher percentaigine in C25 than the latter
making the concrete pores more filled than thosg2afi.
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Fig. 3. Water absorption versus percentage ofitateontent

2.3. Cube compressive strength

A total of 124 cube specimens of size 150 mm westetl for compression.
The test triplicate results averages are summaiizd@bles 1 and 2 for nominal
design of C20 and C25 respectively.

TABLE 1
Compressive Strength of LATCON for C20
Combination [%] Compressive strength [N/Gim
Sand Laterite 7 Days 14 Days 28 Days fy7/fons
100 0 17.53 20.72 20.99 0.835
80 20 16.87 19.98 20.61 0.819
60 40 16.21 16.91 20.48 0.792
40 60 15.81 16.17 19.18 0.824
20 80 14.73 15.82 15.77 0.093
0 100 10.99 12.17 15.03 0.731
TABLE 2
Compressive Strength of LATCON for C25
Combination [%] Compressive strength [N/Gim
Sand Laterite 7 Days 14 Days 28 Days foMfsios
100 0 17.41 21.81 25.83 0.674
80 20 15.29 20.94 22.38 0.683
60 40 14.04 19.86 21.16 0.664
40 60 13.88 19.59 20.36 0.682
20 80 13.11 14.48 16.95 0.773
0 100 11.09 18.18 14.49 0.765

The compressive strength of all LATCON specimergdased with age but
decreased with increase in the replacement levsmd as shown in Figures 4 and 5.

The designed strength of 20 N/miflor C20 was attained when a maximum
of 40% of the sand was replaced by laterite whiketarget of 25 N/mfrfor C25
was underachieved by 15.36%.

The laterite which consists of quartz and granatzgregates of kaolinite clay
particles weakly cemented by sesquioxide.(zeand ALbOs) [3, 7] has less com-
pressive strength than the sand it replaces igdherete matrix. This may explain
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the reduction in compressive strength of laterizedcrete compared to the plain
concrete.
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Fig. 4. Compressive strength versus % of lateriteAMCON for C20
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Fig. 5. Compressive strength versus % of lateriteAMCON for C25

Laterite may therefore be used as a partial replaoé of sand up to 40%. This
then translates for class C20 a mix ratio of 1084 (cement: laterite: sand:
coarse aggregate) instead of the usual 1:2:4 (ders&nd: coarse aggregate) and
for class C25 a mix ratio of 1:0.8:1.2:2 (cemeatetite: sand: coarse aggregate)
instead of the usual 1:2:2 (cement: sand: coargeggte).

2.4. Split cylinder tensile strength

A total of 124 standard concrete cylinders of sizé® mm diameter and 300
mm height were tested for the indirect tensilersjtle. The averages of triplicate
test results are shown in Tables 3 and 4 for d&3 and C25 LATCON at the
various sand replacement levels.

Each value represents the average of three testsieShe split tensile strength
was calculated accordingly as follows:

i
)

fs=
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where:f, = split tensile strength (N/mfj) P = peak loadncylinder (N),L =length
of specimen (mm), and = diameter of specimen (mm).

TABLE 3
Split cylinder tensile LATCON for C20
Combination [%] Split tensile strength [N/rfim
Sand Laterite 7 Days 14 Days 28 Days
100 0 0.88 0.99 1.12
80 20 0.85 0.96 1.09
60 40 D.85 0.91 1.05
40 60 0.79 0.89 0.99
20 80 0.76 0.87 0.93
0 100 0.70 0.81 0.89
TABLE 4

Split cylinder tensile strength of LATCON for C25

Combination [%] Split tensile streng th [N/rim
Sand Laterite 7 Days 14 Days 28 Days
100 0 1.11 1.15 1.29

80 20 1.09 1.15 1.2

60 40 0.93 1.13 1.25

40 60 0.88 1.01 1.18

20 80 0.79 0.86 1.00

0 100 0.72 0.79 0.94

The tensile strength for both C20 and C25 LATCOMNveh increase with age
but decreased with increase in sand replacemeibtwass the case with compres-
sion strength. However, the increase of strength age was comparatively lower
in value than the corresponding values of the cesgive strength.

Figures 6a and 6b show the 28-day compressivegitrari LATCON C20 and
LATCON C25 in relation to the split tensile strelmgdf the concrete of corre-

sponding age. Regression analysis of the data guré$ 6a and 6b suggests
the following relationships:

R’ = 0.8946
fico) = 0.2093f,)***>°

ficos) = 0-4961(cu)0'2g45
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R’ = 0.947
where:f; = split cylinder tensile strength afig = cube compressive strength
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Fig. 6. Split tensile strength against compresstuength for: a) C20, b) C25 LATCON

Conclusions

Based on the results obtained from the experimentlected on laterized con-
crete (LATCON), it can be concluded that: the wdiikey of LATCON increases
while the percentage of water absorption by thecoste decreases with increase
in replacement level of sand by laterite; 40% oéfide and 60% of sand is classi-
fied as falling into Zone 2 region as evidencedy@ding (Fig. 1): the strengths of
laterite concrete generally increased with agedmgreases with increase in the
replacement level of sand by laterite; LATCON witlaximum of 40% replacement
levels of sand by laterite attained the desigmsitie of 20.48 N/mrhfor C20, but
was 15.36% lower than the design of 25 N/mfion C25 at 28-day hydration period;
for class C20 it is proposed that the mix propeortlee modified to 1:0.8:1.2:4
(cement: daterite: sand: coarse aggregate) instete usual 1:2:4 (cement: sand:
coarse aggregate) and correspondingly 1:0.8:1rs&ad of 1:2:2 for C25: and
for C20 and C25 LATCON the following expressione proposed:

ficon) = 0.2093f,) >
R = 0.8946

fiycos) = 0'4961(CU)0'2945
R =0.947
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Abstract

This paper presents the results of an investigatitmthe characteristics of concrete containing
laterite as a full or partial replacement of sa@dnd in a concrete mix proportion of 1:2:4:0.6 and
1:2:2:0.6 (cement: sand: coarse aggregate: wateestieratio) was replaced with 0, 20, 40, 60, 80,
and 100% laterite. The concrete strength was cedfto characteristic concrete strength grade of 20
and 25 N/mrh Experimental results based on qualitative anchtiiadive data shows that, concrete
produced at 28-day hydration period with up to 408éplacement level of sand by laterite attained
the designed concrete compressive strength of 20@8 for concrete strength grade of 20 N/fm
but fell slightly below 25 N/mrnfor concrete strength of grade 25 N/fffhis indicates the possibil-
ity of using laterite as a partial replacementdand up to 40%>. It was also observed from thdteesu
obtained that the workability - of laterite conerécreased with increase in the replacement Ieivel
sand by laterite, while the cube compressive sthergplit cylinder tensile strengths and the petcen
age water absorption of the concrete decreasedvatbase in the replacement level of sand. Regres-
sion models relating the split cylinder tensileeststh and cube compressive strength of concrete
strength grade of 20 and 25 N/fmof partial sand replacement with laterite in tiagious percentage,
yielded predictive modefczo = 0.2093 1) ****andfyczs) = 0.4961 {,)**** with correlation coef-
ficients R2 = 0.8946 andR? = 0.947 respectively.

Badanie wytrzymato $ci betonu z zastosowanym laterytem

Streszczenie

W artykule przedstawiono wyniki batlav zakresie wigciwosci betonu zawieragego lateryt jako
catkowity lub czsciowy substytut piasku. Piasek z mieszanki betojosveproporcji 1:2:4:0.6



An investigation into structural strengths of laterized concrete 203

i 1:2:2:0.6 (cement : piasek : kruszywo grube ssitmk cementowo-wodny) zgstono uktadem
0, 20, 40, 60, 80 i 100% laterytu. Wytrzymatdoetonu zostata ograniczona do charakterystycznej
wytrzymatdici betonu - 20 i 25 N/mfn Eksperymentalne wyniki oparte na danychsdlowych

i jakosciowych pokazuj, ze beton po 28-dniowym okresie dojrzewania, w ktoryanpoziomie do
40% zasfpiono piasek laterytem, aginal wytrzymatai¢ na sciskanie 20,48 N/mfdla zaprojekto-
wanej klasy 20 N/mfy ale warté¢ wytrzymatdci nasciskanie dla zaprojektowanej klasy 25 N/mm
spadta poriiej 25 N/mni. Wskazuje to na nitiwosé wykorzystania laterytu do egciowego zast
pienia piasku do 40%. Na podstawie otrzymanych kdwi stwierdzono réwnig ze urabialné¢
betonu z wykorzystaniem laterytu wzrosta wraz zeostem poziomu zagiienia piasku przez late-
ryt, za& wytrzymata¢ nasciskanie, wytrzymal@ na rozciganie i procent ziycia wody w betonie
zmniejszyly st wraz ze wzrostem poziomu zgsienia piasku. Modele regresji odngse sé do
wytrzymaldici na rozciganie i wytrzymatéci na sciskanie betonu klasy 20 N/mini 25 N/mnf,
w ktérym piasek w rénych procentach e%ciowo zasipiono laterytem, pozwolity przy¢ modele
agglityczne:fl(czo) = 0.2093(,)*°**° oraz fyczs) = 0.4961{,)°?**° ze wspdiczynnikamiR = 0.8946

i R"=0.947.



