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Properties of Lightweight Concrete made with
Volcanic Scoria from Kenya, as Coarsgghegates
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Abstract: Lightweight concrete (LWC) is a specific type of
concrete developed when the need to reduce dead load becomes
relevant in structures, such as high-rise buildings and bridge
decks. This type of concrete can offer a good strength to weight
ratio, good insulating properties and costs benefits due to reduced
sections of bearing elements in a structure (columns, beams,
foundations). It is commonly made using artificial lightweight
aggregates like expanded shales and clays, however, the
manufacturing process of those aggregates is linked to a great
amount of energy consumption, natural resources depletion, and
large amount of emission of CO, gas in the environment, and
finally high costs. This experimental study investigated the use of
volcanic scoria aggregates from Lukenya in Kenya to produce
structural lightweight aggregates concrete (SLWAC). Scoria
stones were collected, crushed into particle sizes 4.75-19 mm,
conforming to the grading requirements of ASTM C330, and used
to produce lightweight concrete designed using the three different
methods prescribed by the standard ACI 211.2-98 for
proportioning structural lightweight concrete. The design
strength was 30 MPa and the aim was not only to investigate the
feasibility of producing structural lightweight concrete with
locally available scoria aggregates, but also to find out the best
mix design approach out of the three prescribed by the standard,
namely the weight method, the absolute volume method and the
damp loose method. Physical and mechanical tests were carried
out on the scoria aggregates to classify them as suitable for
structural lightweight concrete production. Similar testswere also
carried out on the lightweight concrete. The results showed that
the absolute volume method of mix design was the one giving the
best results as regards to the dry density, the slump, and the
strengths (compressive, splitting tensile and flexural strength);
Thislead to the conclusion that volcanic scoria can be used as an
alternative to artificial lightweight aggregates for structural
lightweight concrete production, and proved the efficiency of the
absolute volume method as the best mix design approach.

Keywords. Absolute Volume Method, Artificial Lightweight
Aggregates, Lightweight Concrete, Structural Lightweight
Concrete, Volcanic Scoria Aggregates

[. INTRODUCTION

several classifications of lightweight concrete elging,
either on their method of production where we have
lightweight aggregate concrete, aerated or cellotarcrete,
and No-fines concrete; or on the purpose for which
concrete is to be used, where we distinguish strakt
lightweight concrete, concrete used in masonrysuaitd
insulating concrete.

Structural lightweight aggregates concrete is &ifipaype
of lightweight concrete, made with lightweight aggates
conforming to the requirements of ASTM C330 staddand
strong enough to be used as structural concreghtkeight
aggregates can be artificially processed by exmpandor
calcining diverse products such as shale, slasst iflirnace
slag, clay, or diatomite. The resulting productcilled
artificial lightweight aggregates which are the mos
commonly known. However, we also have naturallyuodog
lightweight aggregates such as pumice, tuff or iacor
aggregates [1], [11]. Their physical properties ahamost
similar to the artificial aggregates, but with lawaechanical
properties [3]. For this reason, the productiorstfictural
lightweight aggregate concrete has been long coryndmme
using the artificial lightweight aggregates even tife
manufacturing process is related to many enviromahien
issues such as depletion of natuesources, great amounts of
energy consumption, and emission of dangerous daseb
as CQ); and finally, aspects of high costs.

In Africa, like various other parts in the worlthete are a
lot of natural resources from volcanic eruptionsiclhare
almost waste, including volcanic scoria aggregadesria is
relatively darker and heavier than other natumgttiiveight
aggregates and mostly used by cement companiewake
clinker for cement production, around the world eTdther
common use is in road construction where it carstitote the
sub-base material. However, they are light and ymiike
artificial aggregates with many other similar prajgss. It can
therefore be used as a cheaper alternative. Thentale of
lightweight aggregates (LWA) as compared to themadr

The use of Lightweight concrete (LWC) has beemveight aggregates (NWA), is through conferring twe t

investigated in the construction industry for ceietsi and
currently, good performance is expected for a ctest and
reliable material with predictable characteristitbere are
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concrete a lower density (around 25% lighter), legquto size
reduction of load bearing elements in structuresyall as
less structural steel reinforcements. Induced seikrads are
also decreased, thereby reducing the risk of dasndge to
earthquakes on the structure. Finally these adgantdead to
cost savings [7], [8], improves sound and thermaliation,
as well as fire resistance [6], [9].

There are very few published studies on the useaofia
as aggregates for structural lightweight concretalpction;
most of the previous studies were on the use bfigight
aggregates for production of blocks [10].
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This study investigated the feasibility of usingcdtly
available volcanic scoria aggregates for productioin
structural lightweight concrete. The volcanic saori
aggregates were prepared and their properties eteirk
accordance with the ASTM C330 requirements. Theseaf
three different methods of mix design as prescribgd\Cl
211.2 standard (Weight method, absolute volume oaketimd
damp loose method) were used to design lightweightrete
specimens [2], [4]. Physical and mechanical test®warried
out on both scoria aggregates and concrete in<h faad

B. Natural River Sand
The sample sand used in this study was from Mear in

Kenya. This sand has a fineness modulus of 2.3B wit

particles sizes between 0-4.75 mm. The sand eguivaalue
and silt content value have been found respecta®B4.77%
and 5.42%. Its particle size distribution has beetermined
as shown in Table IV, as well as its bulk dens#yecific

gravity and water absorption summarized in Tablelty.
grading curve is shown on Figure I. The sand usasifaund
suitable to produce hydraulic concrete as regarditdo

hardened state such as slump, dry density, compeessproperties and according to criteria requiremeftasTM

strength, splitting tensile and flexural strengdthe aim was to
develop a structural lightweight concrete made wWattally
available scoria aggregates while finding out tkestlmix
design approach regarding the requirements of AC.2
standard.

II. MATERIALS

The main constituent materials of this study werdiary
Portland Cement 42.5, natural river sand as firgeggates,
the volcanic scoria aggregates as coarse aggregatbs
Water. They are all locally available in Kenya, atha
research was conducted at the Structural and Migeri
Laboratory of Jomo Kenyatta University of agricodtuand
Technology (JKUAT).

A. Ordinary Portland Cement.

The cement used was Ordinary Portland Cement Type |

(CEM | 42.5 N) called “Bamburi Power Plus”. It is @arly
high strength cement, conforming to the speciftrati
prescribed by the standard EN 197-1, and is maturisd by
“Bamburi Cement Ltd” in Kenya. The cement is safadypt in
dry condition. Some important physical propertiaséhbeen
determined in the Laboratory, such as its Bulk deriose
and compacted) and its specific gravity as shownhahle I.
Its chemical composition is as shown in Table II.

Table I: Some Physical Properties of Bamburi PowePlus

42.5
Specific Loose bulk density Compacted bulk
gravity (Kg/m3) density (Kg/m3)
3.197 1162.3 1398
Table II: Chemical Composition of “Bamburi Power Plus
42.5"
Parameters Percentage (%)

S02 20.61

Al203 5.05

Fe203 3.24

CaO 63.37

MgO 0.81

03 2.75

Na20 0.15

K20 0.52

Free CaO 0.63

Na Eq 0.49

Cl- <0.01

LOI 2.90

I.R 1.00

C3A 7.91
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C330.

C. Volcanic Scoria Aggregates.

The volcanic scoria aggregates were obtained frqomaary
for cement companies in the location of LukenyKémya, in
the form of stones. Subsequently, they were mayaalshed
into particles sizes 4.75-19 mm. Its particle sidissribution
met the grading requirements as shown in TableTke
grading curve is shown in Figure Il. Its chemicainposition
was determined as shown in Table Ill, as well @&sdther
physical properties including bulk density (loos&da
compacted),
summarized in Table V. The properties make thertalsig
for lightweight aggregates for structural concneteduction
according to the criteria requirements of ASTM C330

Table 1ll: Chemical Composition Volcanic Scoria.

Parameters Percentage (%)
S02 72.755
Al203 13.482
Fe 6.082
K20 5.129
CaO 1.090
Ti 0.545
cl 0.333
Mn 0.271
Zr 0.129
Zn 0.048
Nb 0.027
Rb 0.019
Y 0.011
S 0.002
Cu 0.002
Table IV: Particle Size Distribution of Fines and Marse
Aggregates.
Sieve size Percentage passing
(mm)
Limits Limits
(Upper-Lower) (Upper-Lower)
Sand as prescribed Scoria as prescribed
by the standard by the standard
ASTM ASTM
C330-05 C330-05
25 - 100 100
19 - 99.92 90-100
Published By:
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12.5 - 90.01 90-100
9.52 - 35.35 10-50
475 100 95-100 5.23 0-15
236 97.12 80-100 0.46 0-15
118 84.22 50-85 0.14 0-15
0.6 49.9 25-60 0.14 0-15
0.3  28.05 10-30 0.14 0-15
0.15 3.2 2-10 0.14 0-15
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Figure I: Grading Curve of Sand Aggregate.

D. Water

The water used in the study, was potable waterirdda
from the public water system. The water was cledah no
strange materials in it that can disturb the hydrgprocess of
cement.

Grading curve of Volcanic Scoria

Aggregates
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Figure Il: Grading Curve of Volcanic Scoria Aggregaes
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. EXPERIMENTAL PROGRAM

As prescribed by ACI 211.2-98 (Standard practice fo
selecting proportion for structural lightweight coete), three
different methods for designing structural lightghi
concrete were applied; the weight method or spegifavity
pycnometer method, the absolute volume Method &ed t
damp loose method or volumetric method [1], [2]eTarget
was to produce Grade 30 lightweight aggregates retec
Before the mix design process, scoria stones waltected
and were crushed to make them fulfill the requipedticles
sizes distribution. Thereafter, three mix desigeseacarried
out using the three different methods prescribed they
standard. The scoria aggregates were soaked im foat24
hours before each mix, to make them in Saturatef&uDry
condition (SSD) as recommended for that type ofegmtes
with high absorption rate. The main goal was toeligy a
structural lightweight aggregates concrete usingriacas
aggregates, while finding out the best mix desigthod out
of the three. The experimental work was dividea itwo
main phases: the mix designs, and specimen prépaaid
testing.

A. Mix Designs Proportions

Three experimental programs were adopted in thidyst
each based on one of the three mix design methedsnibed
by ACI 211.2-98 standard [1], [2]. The aim was éve€lop the
most suitable LWC mix meeting the requirements for
structural lightweight concrete specified in ACI 122
standard. The scoria stones were collected, crushedheir
physical properties were determined and found tdaren to
ASTM C330 requirements as shown in Table V, as asthe
grading chart in Figure Il. Three trial mix specimgpes
were designed using the three methods with the seme
0.45, and a slump of 25 to 50 cm. At this stage, rifain
criteria under observations were the workabilibyg try unit
weight and the compressive strength. The best resigd
method was the one giving us the mix with the highe
strength to weight ratio with a good workabilitythe same
w/c ratio, conforming to the requirements of ACIL2ZA. The
mix proportions for the different mix design metkodre
summarized in the Table VI, as well as the slumpes the
dry density the compressive and splitting tendiergths at 7
days in Table VII.
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Table V: Physical Properties of the Scoria Aggregas

Loose bulk e . s . Apparent Water
Aggregates density dzr?gi?e?kbyrv:") ((S)[\)/(Z(:fll;:rgrg;nsti);) Sp(chch Sggi\g)ty Specific | absorption
(kg/m®) y K9 y gravity (%)
Sand 1461 1602.92 2.36 251 2.76 4.7
Volcanic Scoria 1013.6 1179.11 1.91 2.16 2.54 13.06
Table VI: Mix Design Proportions for Each Design Mé¢hod.
Mix design Method L;%gtrvéggtzt;ﬁ;? Sand content Water cement | Water cor31tent, Cement
(SSD) kg/ni (SSD) kg/n? ratio (W/C) kg/m content, kg/nt
Weight method 848.03 339.12 0.45 187 415.6
Absolute volume 516 764.64 0.45 187 415.6
method
Damp loose method 710.36 775.93 0.45 187 374.86
Table VII: 24 Hours Dry Density, Slump, Compressiveand Splitting Tensile Strength at 7 days.
. . 7 days compressive | 7 days Splitting tensile | 24 hours-Dry density
Mix design Method strength (MPa) strength (MPa) (kg/m3) Slump (mm)
Weight method 17.89 1.77 1820 15.5
Absolute volume method 21.81 2.44 1837 50
Damp loose method 18.97 1.95 1832 94

A. Specimen Preparation and Testing
For all the three mix design approaches, during the
concrete mixing phase, the aggregates were firstdnivith  A. Physical Properties of Volcanic Scoria Aggregates
half of mixing water, due to the high absorptionteraf  \wjth regard to the specifications of ASTM C330 stard,
volcanic scoria aggregates. Although the fact teise some physical properties of the scoria aggregatese w
aggregates were soaked in water for 24 hours befee determined, such as bulk density and specific tya®.54
mixing date to reach the SSD condition, it has beeved were found as the apparent specific gravity ofigoshich is
that they can still absorb water after 24 hoursafeelatively  lower than the limit of 2.60 as prescribed by thendard.
long period of time. So, this measure was to min@rthis Also, the oven dry particles density were foundé&about
effect of absorption of the aggregates on the wailikgofthe 1910 kg/m3 lower than the limit of 2000 kg/m3, adlas the
concrete during the early period of mixing. The esth loose bulk density found 1013.6 kg/m3 lower tha@ fimit
constituents (sand, cement) were then added with tA200 kg/m3. The properties led to the conclusioat th
remaining half of mixing water. The mixing was maliy Volcanic scoria aggregates locally available in yeenwvere
done as specified in BS EN 12390, Part 2 (2000). suitable for the production of structural lightwietig
The slump test was done immediately on fresh comcre?99regates concrete with regard to ASTM C330 standa
after the mixing to measure the workability in acance requirements.
with the specifications of BS EN 12350: Part 2 @P9he B. Workability of the Lightweight Concrete

lightweight concrete specimens were cast into dyical The slump test was used to measure the workabilitiye
steel moulds of 150 mm of diameter and 300 mm @t concrete specimens casted. The slump values véoed
and of 100 mm of diameter and 200 mm of heights 5 mm for the weight method, to 50 mm for theclite
respectively for compressive and splitting te_nsuII_Eengths volume method and 94 mm for the damp loose mefoothe
tests at 7 and 28 days. It was also poured intaccsteel  same wyc ratio. It is thus seen that only the alisofolume
moulds of 150x150x150 mm for use in carrying o& 8 | athod gave us a slump within 25-50 mm as definethé

hours air-dry density test. Flexural strength teas also of design. The slump values are given for each mixgdes
interest at 28 days and for this purpose, the @eavas cast approach in Figure IIl.

into steel moulds of size 150x150x560 mm. The meuldre
prepared and oiled before, and the concrete wapacted
using a vibrator. 24 hours after the casting, thecenens
were demoulded and water cured in curing tankd thndi
dates of testing [1], [2], [3], [4]-

IV. RESULTSAND DISCUSSION
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Figure lll; Slump values for the Three Mix Design
Approaches

C. Air-Dry Density

Air dry density is one of the most important cridefor
concrete classification. According to ASTM C56 /| as
ACI 211.2-98 specifications, the air-dry unit weigbf
concrete must not exceed 1842 ky/to fit one of the
requirements for structural lightweight concreté.the three
concrete specimen types fall within the requiredit in
terms of air-dry density. The absolute volume métebows
the highest air dry density. Figure IV shows th&edént
values of air dry concrete density for each mixigtes
approach varying from 1820 to 1837 Kg/m3.

1840

1835
1830
1825

1820

Air dry density

1815

1810

Weight Absolute Damp
method volume loose
method method
B Air dry density 1820 1837 1829

Mix design approach

Figure 1V: Air-Dry Density of Concrete Specimen Types

D. Compressive Strength

Both ACI
lightweight aggregates concrete as concrete wgthtieight
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than the target design strength. This experimestdhmwn
that local scoria aggregates can be used to pratuoetural
lightweight aggregates concrete, as regard to ACI
requirements and absolute volume method is the rest
design approach. It is also noticeable that théy eairength
which is around 67.1% of the strength at 28 daxisipéted by
lightweight concrete with scoria aggregates is gendugh,
and hence structurally acceptable mostly with theohute
volume method as a mix design approach.
Compressive strength at 7 and 28 days for
the 3 mix design methods

35
30

32,505

-
2677 I 27,89

7 days compressive 28 days compressive
strength (Mpa) strength (Mpa)
Specimens at 7 and 28 days

21,81
20
15

17.89 I 18,97
0 I

10

Lh

® Method 1: Weight method
m Method 2:Absolute volume method

Method 2:Damp loose method

Figure V: Compressive strength for the three Mix Dsign
Approaches at 7 and 28 days.

E. Splitting Tensile Strength

The absolute volume method gave the best resutts wi
regard to the splitting tensile strength; 2.44 Vival 2.74
MPa have been obtained at respectively 7 and 28, tiaynce
leading to the conclusion that 89.05% of the stierig
reached at early age (7 days). The strength at &8 d
represents 8.43% of the compressive strength. vidiige is
lower than the range of 10% known for normal weight
structural concrete; this could be explained by ¢b#ular
structure of the lightweight concrete due to theops nature
of the lightweight aggregates used, which leadsth®
weakness of the material through enhancing thegmations
of microcracks in the material while under loadirgwever,
1.77 MPa and 2.05 MPa have been obtained with #ightv

and ASTM standard defined structuraimethod of mix design at respectively 7 and 28 dagsice

representing the worst mix design approach as weedelso

aggregates conforming to ASTM C330, with a compvess with the compressive strength. Figure VI showsgpliting

strength greater than 17.2 Mpa at 28 days testeeéssibed
by the standard. This is one of the most importaitéria,

together with the dry density. Hence, the concsecimens
for each design approach were tested for the caape
strength at 7 and 28 days, and the results arersholigure
V. The aim was to find the best mix design approforh
structural lightweight concrete using local scaggregates.

The absolute volummethod gave the best results with 21.81
MPa and 32.5 MPa atspectively 7 and 28 days, while the

weight method showed the least compressive strenijth
17.89 MPa and 26.77 MPa at respectively 7 and 28, dess

Retrieval Number: C1063035318
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tensile strength at 7 and 28 days for each mixgdesi
approach.
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Splitting tensile strength at 7 and 28 days
for the 3 mix design methods
3 2,74
2.44

2.5 Los 205 2.2
2 1.77 ’

1.5

0.5

7 days splitting tensile 28 days splitting tensile
strength (Mpa) strength (Mpa)
Specimen at 7 and 28 days

m Method 1: Weight method
Method 2:Absolute volume method
Method 2:Damp loose method

Figure VI: Splitting Tensile Strength for the three mix
Design Approaches at 7 and 28 days.

F. Flexural strength

The highest flexural strength of 3.21 MPa has bd#ained

with the mix specimens designed with the absolateine

= The absolute volume method gave the best slump
value within 25-50 mm as defined in the desigrthatsame
w/c ratio, suitable for general constructions.

= 1820, 1829 and 1837 kgirhave been found as the
air-dry density for the concrete specimens designed
respectively with the weight method, damp loosehmetand
absolute volume method. All the three concrete igpet
types density are suitable. The required limithweégard to
the air-dry density must not exceed 1842 Kgamfor ASTM
C567 standard.

= All the three concrete specimen types gave suitable
compressive strengths, greater than the requinatidf 17.2
MPa as for ASTM C330 at 28 days; and the best cessre
strength was obtained with the absolute volume oukibf
mix design. 21.8 MPa and 32.5 MPa were obtainethas
compressive strength respectively at 7 and 28 days.

= With the absolute volume method of mix design, the
early strength (7days) is around 67.1% of the gtieat 28
days, which is good enough to be structurally atzd#p.

= The absolute volume method gave the best results as
regard to the splitting tensile strength; 2.44 Neival 2.74
MPa were obtained at respectively 7 and 28 days Th
splitting tensile strength at 28 days represen8%.4f the
compressive strength at that age.

= The same observation were done with regard to the

method. While, 3.05 MPa has been found as the lbowefexural strength. The absolute volume method gthe
strength from weight method approach. Figure Vlhighest values of strength at 7 and 28 days as amdo the
summarizes the values of flexural strength forthinee design two other mix design approaches. 3.21 MPa has foeed as

method approaches.

28 days Flexural strength for the 3 mix
design methods

3,25 3.21
3.2
3,15 3.11

3.1 3.05
3.05
—
2,95
28 days Flexural strength (Mpa)
Specimens at 28 days

Flexural strength at 28 days

® Method 1: Weight method
Method 2:Absolute volume method
Method 2:Damp loose method
Figure VII: Flexural strength for the three Mix Design
Approaches at 7 and 28 days.

V. CONCLUSIONS

As regard to the results obtained from this inggdion, some

conclusions can be drawn:

= Volcanic scoria aggregates locally available in ya&n
were found suitable as aggregates for the productib

structural lightweight aggregates concrete withardgto
ASTM C330 standard requirements.

= Volcanic scoria aggregates met the grading

requirements in accordance with ASTM C330, forcdtral
lightweight concrete making.

Retrieval Number: C1063035318
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the flexural strength at 28 days, representing %.&% the
compressive strength at that age.

= As regard to those results, a conclusion can beemad
structural lightweight aggregate concrete can hedyced
with locally available volcanic scoria from Kenyas a
aggregates, and the absolute volume method was foupe
the best mix design approach out of the three nastho
evaluated in the study.

VI. RECOMMENDATIONS

Some recommendations can be made as regard to the
results obtained from the study.

»= Volcanic scoria aggregates can be used as an
alternative to artificial lightweight aggregatdsetefore, they
should be industrially available in the form of eggptes like
the other aggregates types (normal weight aggregatel
artificial aggregates).

= The absolute volume method of mix design is
highly recommended as the mix design approach for
structural lightweight aggregate concrete; mosithwatural
aggregates such as volcanic scoria as coarse aggseg

= With regard to the high absorption rate of volcanic
scoria aggregates, they can be pre-coated withndirg
material such as asphalt or plastic for instante, hot mix
process, before the use in the concrete; furthessiigations
should be done in order to assess the physicahactianical
properties of the lightweight concrete made wittosth
pre-coated aggregates.
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