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SynMoPsIg

This research was conducted to study the mechanical and the
physical properties of concrete mixes made of light weight
axpandsd clay aggregates with trade namse (LECA). One hundered and
fiva concrete mixes were Investigated. The aggregate used was a
mixture of "LECA" and gravel! with different proportions. Concrete
mixas with "LECA" only or gravel only were tested for compariscon.
The main propsrties of the concrete mixes teasted 1In this
investigation were the wunit weight, absorption percentage,
compreseive sirength, flexure strength and modulus of elasticity.
Band strength bsatween concrete and steel was also investigated.
It was found that an adquate strangth with reasonable unit weight
and absorption percentage of concreta could be achieved by
partial replacament of gravel in the concrste mix by "LECA".

INTRODUCTION

During the last few decades !light weight concrete has baen
known as an advantageous alternative for the traditional concrste
in many counterians, Its applications have bean increasingly
egtablished aleswhere. Rsgarding the concrste industry in Egypt,
the lightwelght conc¢refte is conslderably limited. Among the most
attrective advantages of light weight concreta are; reduction in
dead loads, lower handling costs, faster building rates and more
fsasability of constructing on weak scile. Light weight concretes
woraaclasaified as thoese having densitles between 300 and 2000
kg/m  (1). Genserally, light weight concrate could be produced by
¢creating air bubbles in the concrete mix, omitting the fine sizs
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aggregate from the concrete mix or by replacing the gravel or
crushed rock by light weight aggregate (i-6), Among the different
lightweight aggregates usad in the concrate Industry are; furnace
clinker, foamed blastfurnace sglag, exfoliated vermiculite,
expanded perlite, pumice, egintered pulverised-fusl ash and
expanded clay and shale (7).

This research includes a Btudy of the physical and
mechanical properties of light weight concrete wusing a locally
produced light weight expanded clay aggregate with trade name
"LECA". The oconcrete mixes tesmted in this investigaticon were made
of oombined aggregates of LECA, gravel and sand.

EXPERIMENTAL WORK

One hundred and five (105) concrete mixes with different
percentages of sand, gravel, fine apnd coarse "LECA" were
investigated, Cement content of 350 kg/m of concrete wae used.
The characteristice of the material used were investigated. The
unit weight, absorption percentages, compreassive strength,
flexure strength and medulus of elasticity of <different mixes
were investigated. Three hundredes and fifteen concrete cubes,
nine prisme and twenty seven cylinders were tested 1in thie
research.

Table (1) showa the ascheme of the different concrets mixes
teated in this investigation.

CHARACTERISTICS OF THE MATERIALS USED

The materlals used in this work were ordinary Portland
cement, sand, gravel and "LECA". Mild s&steel bare of 16 mms.
diameter were used in bond tests.

1. Cemant:

Ordinary Portland cement brought from Toura cement factory
wae uged in this investigation. Teste carried out on that cement
ghowad that its properties fulfiled the requiremente of the
Egyptian standard specification concerning the setting time,
finensse and strangth ae shown in table (2).

2. Sandi

Sand ussd wag Dbrought from Khatatba quaries which wase
clean,almost free from impurities and does not contain more than
i% by wvolume psilt, loam or clay. Table (3) shows the
characteristics of the used sand, table (4) showe the sieve
analvyeis of ths ueed sand.

3. Gravel:

The gravel used was obtained from El-Sharkia guaries with
nominal maximum .aize of 19 mms . Table (5) shows the
characteristics of the grawvel used.
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4, Light weight expanded clay aggregate C(LECAJ:

"LECA" was brought from thae Natianal Cement Company whioh
was produced by burning degert shale clay slurry with liquid fuel
in rotary kiln. The LECA particles aizes ranged from 2 mms to 12
mme. The particlee of the “LECA" with gizes of 2 toe 4 mm ware
considerad as fine "LECA" (FL). however the particles with sizas
of 4 mma to 12 mms wers considered as coarsa "LECA" (CL). The
characterigtics of the LECA used are shown in Table (6}.

n. CONCRETE MixmNa anD COMPACTION

Preliminary slump tests were carried out wuaing different
water/cement ratios among which w/c ratios of 0.3 wae chosen for
all the concrete mixes tested. This ratio gave plastic mixes with
siump of 40-100 mm when low "LECA" contents were used. However,
dry mixes with 10-15 mm slump wers obtained for most of the mixaa
with high coarse “LECA" content. During adding the mixing water
it was obesarved that fine and coarse LECA particles flcat to the
top of tha concrete mix. Howaver, mixing of the dry constitusnta
wag firstly carried out followed by thorough additlon of mixing
water in successive small gquantities. Carsfull compaction was
carried out. Nevaertheisss saegregation and inhcmoginity of tha
conorats cgaeting using LECA occured as can be seen in Figs.
{(1-4). Figures 2,3 and 4 show concratea cubee with differsnt
"LECA" contants,

Analysis anD Discussion oF TEST RESULTS

Figures (5-a to c) ghow the unit weight of the different
concrate mixas cured in air for 28 days after casting. Out of
these figuree it can be drawn that the unit weight of concrsts
dscraasea Dby replacing the gravel by coarse LECA. Higher
reduction in the unit weight of concrets could he achieved 1If
algo sand 18 replaced by fine LECA. Mixes of highaer coarse to
fina aggragata ratiom indicate lower unit weights. The averagse
unit welght of the traditional c¢oncrete mixes with gravel aa
coarss aggregats and eand as fine aggsagate which wara tested 1in
thia investigation is about 2483 kg/m . However, the average unit
weaight of the concrste mixes contajning completely LECA as
combgned aggragatesa {8 about 1367 kg/m . A unit weight of 1275
kg/m could be achisved with & concrete mix with purely LECA as
1nart_fillar wherea the coarse to fine aggragate ratio was 3:1.

Figuresa (6-a to @) show the abeorption percentage of the
different concrate mixes cured in air for 28 days after casting.
dried in oven at 100°C for 48 hours and submerged in water for 24
houras. The gain in weight 1is expressed as the absorption
percentage. It waa found that higher abseorpticn parcentages wars
recorded for mixee containing higher parcentage of LECA as fine
and coarse aggreagate. Tests showsd very high absorption
percentagea for LECA aggragates (65%), However, concrete mixaea
made of LECA exhibted comparatively much lower absorption
parcentages of about 26% of that recorded for the LECA particles.
On contrary, the concrete mixes mada ouf mand and gravel exhibtad
much higher abeorption percentages than the aggregetss used. The
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avarage abseorption percentage of the concrats mixes made of sgand
and gravel as combinad aggragates 1s about 3%, Howavsr, the
avarage absorption percentage of thcose mixes made of LECA s
about 15%. Absorption percentages rangsd beatween these two
figures for ths mixsa that contalned a mixture of gravel, sand
and LECA with different ratios.

Figurea (7.a to e} show the compressive strength of the
different concrete mixea at 28 days age. It 18 clear that
replacing of gravel and wsand with LECA decreases the concrete
compressive atrangth. Concrete mixes containing sand and gravel
only as combined aggregafes showed an average compramssive
strength of about 200 kg/cm” . However, those concrete mixea that
contained LECA only showsd an average compressive strength of
about 67 kg/cm” which 18 extremely low. Values o¢f compresaive
strength ranging between the above mentliconed figures could be
obtained by the partial replacement of sand and gravel by LECA in
the c¢oncrete mix.

Figurea (8-a to d) show that the compressive atrength
increassas with the increase of the unit welght of the concrete
mixe. The Egyptian Code of practice stated that the compressive
strangth of ¢oncrete uged in atructural purpcses should be not
tege than 160 kg/ . Figure (8-c) showe that comprassive
gtrength of 160 kg/cm” could be obtained by using a LECA / gravel
mixura in thg concrets mix which conseaquently has a unit weight
of 1640 kg/m . Thia figure reprasents a reduction of 33% In the
unit weight of the concrete mix including gravel only aa coarss
aggregatse., Concrete commonly used in the Egyptian puildinq sector
ia of an averags compressive atrength of 200 kg/cm . This figur
could be cbtained and in the same time unit weight of 1860 kg/m
could be achievad by partial replacement of gravel by LECA am in
Flg. {8-c). Thise figurs represent 26% reduction in the wunit
welght in comparison with the concrste mixes with gravel only as
coarse aggregats. The reduction in unit weight of concreta
affects greatly tha dimensions of the carrvying members and
consaqusently the overall materiale costs and the - construction
cogts which depend mainly on the labour costs and pericd of
egtabliahment. Higher buildings could be achieved by Ilightweight
concretea, Using lightweight concrete mix constructiconm on
relatively weak soils becomes more promising. It is wall-known
that thermal cenductivity of lightweight concrete im much less
than ordinary concrets which causes grsat reduction in the
conaumption of energy needad for the air conditioning of the
buildings,

The curves plotted in thies reeearch could be of great
importance for the concrete mix deaigner as a guide for choosing
a concrete mix for cartain application with adequate unit weight
and reascnable compresmive atrangth.

Table (7) shows the diffarent mechanical propertiea of
three concrete mixea chosen out of the onsa hundred and five mixes
taated in this investigation. The first mix repressnts the
traditional concrete containing gravel and sand, while, the last
mix represents the LECA concrete. The second mix In the tabls
reprepents a concrete mix with a mixture of equal ratios of msand
to fine LECA and gravel to coarse LECA. This table indicates that
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partial replacament of LECA by gravel and sand incrassea tha
mechanical and physical proparties as well as incrsasing the
flaxurel atrength / compresaive satrangth. ratiocs, modulus of
alasticity / compregsive strength ratios and bond strength /comp~
regesive strength ratios.

CONCLUSKONS

Out of this ressarch atudy it can Dbe conclugad that a
fairly light concrets with unit welight of 1273 kg/m couid ba
obtained by using LECA am combinsd aggregates for the concretas
mixea. Unfortunatalyzthis im followed by a very low compressiva
gtrangth of 87 kg/cm” and very high absorption percentags of 19%.

The unit weight., absorptian percentage and strength of
concrete are largely inter-dependent; genarally, the denser the
concrete the lems ite obsorption percsntage but the greater it=
strength.

Enhancemant could te achievad in both the mechanical and
physical properties of concrets by partial raplacament of LECA by
gravel and sand.

Concrete with 26% raducticn in waight than the traditicnal
concrgta could be produged with compreasive satrength of 200
kg/cm by partial replacement of LECA by gravel. Thias grade ia
commonly used {n concrete industry in Egypt. The reduction 1in
waight could be increaged to 35% gor thoss mixing with concreta
compreassive strength of 160 kg/cm

Tha cuyrves availabla in thils research might ba of great uga
in chooeing concreta mixes with adequate unit weight and
satisfactory strangth.

Among the many applicaticns of the lightweight concrets in
the construction msector ars; precast blocka, cavity extsarnal
walla, non-~load bearing walla, load bearing walla of low rising
buildinga, floor scrseds and roof screeds.
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Table (1) Schema of Concrete Testing

Number of Age of Tested
Mixes Fares GreL SLEL testing Property
* *
1:1* all Grav. | all Sand - Slump
ir2 75 1 25 75 1 25 -Unit Weight
105 113 67 : 33 80 1 50 28 days |=AbsorptionXk
el s0 + 50" 28 : 75 ~Comp. Strength
33 : 67 0 :100 ~Flex. Strength
25 ¢+ 76 -E
0 100 -Bond Strength

FA = Fine agg., CA = Coarse agg.
G = Gravel, S = Sand, CL = Coarse LECA, FL = Fine LECA
Three specimens were tested for each test

Tests were carried on cubes 150mms sides for compression, beams of
100 x 100 x 8500 mms for flexure, cylinders of 150 mms diameter and
300 mms height for "E" and bond tests

Flexure strength , E and bond tests were carried out on three mixes
only (%) (Pure grapvel and sand, equally mixed gravel, sand and LECA
and pure LECAD.

Table C2) Propertlies of Ordinary Portland Cement

Fineness Setting Time Compressive Strength
Test Ckgrscm™ )
Cem® /gmd initial| Final 3 days 7 days
hr min| hr min
Test Result 2890 3 50 68 45 190 265
Ghmtl. of 2250 < 45 min|> 10 he| < 180 < 240
E. 5. Ss.
Table (3) Characteristics of the sand used
Specific Unit weight X Fine dust Finnes
gravity of compacted by volume modul us
sand t./m
2. 63 1.72 1.0 2. 67
Table (4) Sileve analysls of the sand used
Sleve zize (mmd 4.76 2.83 i.41 . 707 . 354 0.177
X Pazsling
‘ by welght 4.5 88 75.5 43 5 1
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Table (5> Characteristics of gravel used
Specific Volume welght Compressive Absorption %
gravity Load Ctond 24 hrs in
L/n' water
2.6 1.7 12.80 0.5 %

# The compressive load causes 10 mms compaction

Table (6) Characteristics of LECA

Tested Specific Yol ume . Compressive| Absorption %
size gravity weight ts/m load Ctomd 24 h in water
2=4 mm 0. 850 0.57 3.0 68
4-12 mm 0.70 0.33 i.8 B2

The compressive load causes 10 mms compaction

Table (7) Mechanical properties of tested concrete mixes at 28 days
age after casting

Sand| Fine [Gravel| comp. Unit [Absorp. [Flexural {Mod.of [Bond
fine |coarse |[coarse [strength Weight % Strength Eég. i i
LECA [LECA LECA kgsecm kgs/m Kgscm tomsok Kgs/cm
1:0 1:2 110 250 28500 3.0 49 250 20
111 1:2 131 178 1800 7.0 29 170 12
011 1:2 0114 67 1278 i8.0 20 70 B8
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Fig. (1) Segregation of aggregate due to high W/C

ratio and inadeguate compaction.
("LECA" particles on the top)

Fig. {2) Concrets cube with gravel only
as coarse aggragate,
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Fig. (3} Concrete cube with mixture
of grave! and "LECA".

Fig. (4) Concrete cube with "LECA" only.
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