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silicate clay and possess pozzolanic propertiesigheund to

Abstract—Demolitions of buildings have created a lot of wast suitable fineness. Ambroisa al. [4] found that clay bricks at

and one of it is clay bricks. The waste clay brigkere ground to
roughly cement fineness and used to partially mgglacement at
10%, 20% and 30% with w/b ratio of 0.6 and tested, &8, 60, 90
and 120 days. The result shows that the compressizegth of GCB
concrete increases over age however, decreasebeasevel of

replacements increases. It was also found that féj¥acement of
GCB gave the highest compressive strength, how®reoptimum

replacement, 30% was chosen as it still attaineshgth of grade 30
concrete. In terms of durability performances, itesshow that GCB
replacement up to 30% was found to be efficienteiducing water
absorption as well as water permeability. Theselistushow that
GCB has the potential to be used as partial cemepiacement in
making concrete.

high firing temperature (about 10W) form a liquid phase
which on cooling solidifies to an amorphous glalsage which
exhibited high pozzolanic. Environmentally, the gesaof
pozzolanic CRM such as ground clay bricks (GCB) reatuce
the disposal problem of construction wastes and emor
importantly carbon dioxide (C{pemission during the cement
manufacturing can be reduced.

Therefore, it is the main objective of this studydetermine
the potential of using GCB from demolition masoas/ PCR
materials in making concrete. The tests conductece vthe
compressive strength test, water absorption tedt \aater
permeability test.

Keywords—Compressive Strength, Ground Clay Bricks, Partial

Cement Replacement, Water Absorption and Permsabili

|. INTRODUCTION

[l. EXPERIMENTAL WORK

A.Material Used

HE usage of cement replacement materials (CRM) The waste clay bricks were taken from the demotishe

obtained from either by-product of other procesgda,
silica fumes, quarry dust fine powder, etc.) ori@agtural
waste (rice husk ash, empty fruit bunch ash, sast dsh,
sugar cane ash etc.) into concrete mixtures haveived
considerable attention in recent years. Howevdle Istudies
have been done in term of construction and deroolitvaste
as partial cement replacement (PCR). In fact, laxgame of
construction and demolition wastes which typicatfyown
away without any commercial value, can be furthédizad by
making more sustainable use of these wastes [Iist@ation
wastes include concrete, bricks and blocks, glassesing
tiles, timber, steel and aluminum to name a fewgneerated
increasingly from time to time. Utilization of cdnsction
waste is required in an attempt to balance betwden
construction demand and environmental sustaingbilit
Pozzolanic materials are all siliceous/aluminougenials
which, in finely divided form and in the presendenater, will
react with calcium hydroxide to form compounds thassess
cementitious properties [2]. According to Farreflal. [3],
clay bricks are manufactured by the calcinationalimino-
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building at the project site at College Cempakal MiShah
Alam. The bricks are still in good condition witlittle
deterioration. The clay bricks were placed inside impact
crusher to reduce their size approximately to 5 asnto ease
the process of grinding. Grinding process begampudying 5
kg of crushed clay bricks inside the L.A machin¢hwi5 nos.
of ball bearings with each ball bearing weigh abb@ grams.
The L.A machine is allowed to grind for 5000 reualn with
33.3 rpm. After grinding, GCB were sieved using rizron
sieve size to determine its fineness.

The chemical compositions of the GCB using X-Ray
Fluorescence Spectrophotometer was carried out thed
results are as shown in Table I.

The other materials used in these investigationse we
Ordinary Portland Cement (OPC) of Type 1. Tabledves the
chemical compositions of OPC used in this studye Trining
sand as fine aggregate with maximum size of 5 mhilevthe
coarse aggregates are crushed granite which patsimggh
20 mm. The fine aggregate and coarse aggregate wesed
complying with the British Standard BS 812-103:1[Fhe
fineness modulus for fine aggregate and the coaggeegate
were 4.61 and 2.43 respectively. The tap water frem
contamination was used for the mixing and curingafcrete.
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TABLE |
CHEMICAL COMPOSITIONIN GCB AND OPC
Chemical OPC GCB
composition (%) (%)
SiO, 15.0¢8 63.4(
Al,03 2.5€ 25.6(
Fex0s 4.0C 5.4¢
TiO2 0.12 1.04
MgO 1.27 0.3¢
CaO 72.17 0.44
NaO 0.08 Traces
K20 0.41 2.78
P,0s 0.06 0.12
MnO 0.06 -
SGCs 2.9C 0
LOI 1.3¢ 0.7

B. Test Conducted

for 4 hours. In the test, the depth of water alibreespecimens
was maintained at a depth of 25+5 mm throughoutesie

4. Water Permeability - In determining the durabilitf/the
concrete, the water permeability test based on B390Q-
8:2000 [10] was conducted. In this test, 150 mmicalb
specimen was placed in the apparatus for 3 daypessure
of 0.5 N/mnf was applied. After 3 days, once the pressure is
released, the specimen was removed and split diosvoenter
of the specimen into halved. The average deptipgiétration
of water were obtained and were then converted th®
coefficient of permeability.

Ill. RESULTSAND DISCUSSION

A. Properties of Materials - Chemical compositionlgsia
for GCB as shown in Table | indicates that GCB tmasSiQ
+ Al,O; + FeOs of 94.45%, and Loss of Ignition (LOI) of

1.Slump Test - In determining the workability or thep 795 which can be classified as Class N pozzolan a

behavior of consistency of the fresh concrete migksnp test

prescribed in ASTM C 618-2003 [11].

which is in accordance to BS EN 12350-2:2000 [6lswa B workability - Table 1l shows that when the amourit o

conducted.

GCB increases, the value of slump reduces, whicainsx¢hat

2. Compressive Strength - The most common measure @jfxes are slightly dried if the amount of wateib® constantly

strength of concrete is the compressive strength Tédhe test
was conducted as prescribed in BS EN 12390-4:20D0 he

Compression Auto Test Machine with capacity of 1000

and with the rate of load employed at 3.00 kN/m wsed to
break the 100 mm cube specimens. As the strengtbrafrete
increases with time, it is significant to test thebes at the
various ages of curing which are 7, 28, 60, 90 32@d days.

maintained, or the demand of water should be ise@as the
percentage of replacement with GCB increased irerotd
enhance the fluidity and consistency of the mixisThight be
because of high specific area due to high finedéssCB,
which is about 25% finer than OPC. The result & fmding
is also in line with the findings of Bektast al. [12],
Golaszewskiet al. [13] and Farrelet al. [3] which they

The concrete grade 30 was prepared according to th&orted that there was a marginal reduction implobtained

Designated Mix Design [8]. In this study, 4 batchek
concrete mixtures were prepared with 0.6 w/b raticoncrete
mixture with 0% GCB was used as a control mix whilee
other three (3) mixtures containing of 10%, 20% 8086 of
GCB. Table Il shows the mix proportion for the mix.

TABLE Il
MIX PROPORTIONFOR GRADE 30 CONCRETE
Mass per Unit Volume of Materials (kg®)

Mixes Cement GCB Water Aggregate Slump
Fine  Coarse (mm)
OPC 350 - 210 754 1086 75
GCB1( 31t 35 21C 754 108¢ 70
GCB2( 28C 70 21C 754 108¢ 60
GCB3( 24k 10& 21C 754 108¢€ 50

3. Water Absorption - This test is conducted to deteem
the rate of absorption of water into the concré&encrete
specimen size of 50 mm @ cylinder with 100 mm thests
was prepared and the test was carried out withrdaoce to
BS 1881 -122:1983 [9]. The specimens were teste@d8p60,
90 and 120 day of water curing. In this test, tiyéinder
specimens were oven dried for 72 + 2 hours at teatpe of
105 + 5°C and then stored in air-tigtdntainers for 24 + 0.5
hours before subjected to testing. The concreteiseas are
weighed before immersion and after immersion fom80Qutes
reading and this test is repeated for every 30 teminterval

as the amount of GCB added in the concrete mieasgs, as
it being typical for pozzolan — portland reactiomere the
silica-lime reaction requires more water in additim the
amount of water required for the hydration of catme

C.Compressive Strength - The results of the compressi
strength for the various mixes of GCB concrete ageshown
in Fig. 1. It shows that the compressive strendtlaloGCB
concretes is well above the targeted strength oNA@nt
taken at 28 days, and with increase of GCB in tivesn the
compressive strength reduces however, they stileaed the
target strength. The control mix value taken atd2®s was
37.06 N/mm whilst, for GCB concretes were 35.55 N/fm
33.95 N/mm and 31.53 N/mffor 10%, 20% and 30%
respectively. The 30% replacement is consideredthas
optimum GCB content in concrete in this study. Sty
Toledoet al. [14] on GCB indicted that there is no detrimental
effect in term of strength up to 20% replacemertiergas
study by Bektaset al. [12] stated that at 25% GCB, the
strength are comparable to those without GCB. Eiglso
showed that prolong curing of these concretes tegbuin
increased in strength.

580



International Journal of Architectural, Civil and Construction Sciences
ISSN: 2415-1734
Vol:6, No:8, 2012

60 4

50 4

40

30 4

CompressiveStrength (N/min?)

—— OPC

—8— GCB10 —&— GCB20 --<---GCB30

additional C-S-H gel and filled the capillary poiasconcrete.
It can be seen in Table Il that the coefficientpefrmeability
for the GCB concrete gradually reduced with the age
concrete. At 28 days, the coefficient of permegbiior OPC

and 30% GCB concrete were 10.29 x™ién/s and 9.79 x
10 m/s respectively. However, further curing of coteré.e.

at 60 days and above, 30% GCB concrete performterbe

reducing the value of coefficient permeability, witoefficient

of permeability of 2.15 x I8 m/s at 120 days.

t t t t t |
0 20 40 60 80 100 120
Age (Days)

Fig. 1 Compressive strength of GCB concrete

D.Water Absorption - Fig. 2 shows the percentage atew
absorption for each concrete mixes. From the Figt @an be
seen that all the concrete mixes obtained percentafy
absorption of less than 5%. The OPC control cogacre
possesses 4.48% and 4.05% value of water absorati@d
and 60 days of age. This value is considered |dten 10%
of GCB replacement with 4.67% and 4.11% taken ar&B860

Water Absorption (%)
w

5]

t —— 0P

—&— GCB10 —&— GCB20
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days respectively. However, 20% and 30% of GC
replacement, the percentage of water absorptiobdtr mixes
were lower than the control OPC concrete at eagly and
onward. The lowest value of water absorption wasSG#o
GCB replacement with 4.11% taken at 28 days. Gépeit
can be concluded that with higher replacement oBGCthe
mix it resulted in less permeable concrete, theesfyreater
will be its resistance to environment or deteriomt These
might be due to finer GCB particles which will & up the
spaces between the coarser cement particles msiite
improvement in the compactness of the concrete. GG8
concrete can be classified as having an ‘averagerption
properties’ as its value at 30 minutes is betweest3as
specified by the Concrete Society [15].

E.Water Permeability - The results of the depth ofewa
penetrations were plotted as shown in Fig. 3. FFgn 3, it
can be seen that the percentage of GCB replaceiment
concrete mix affects the depth of water penetraiiia the
concrete, and the depth of water penetration gthdua

penetration at 28 days for 0%, 10%, 20% and 30
replacement of GCB were 51.33 mm, 55.40 mm, 52.88 m
and 50.20 mm respectively. It shows that at 30%acgment,
the concrete is very impermeable compared to OR@rao
concrete, and as the age of curing prolong (9012tddays),
the depth of penetration reduces further, i.e. 2 h8n and
23.56 mm respectively. According to the Concretei&@yp of
London [15], the depth of water penetration betwderio 60
mm taken can be considered as average permeatilityess
than 30 mm as low permeability. It also can be gban by
increasing the percentage of GCB replacement itribortes to
reduction of depth of penetration. This scenarighnbe due
to the reaction of GCB particles with Ca(QH)nd formed

Fig. 2 Water Absorption of GCB Concrete

60

50 4 @OPC  BGCB10 @ GCB20 GCB30

40 1

Depth of Penetration (mm)
3

Age (Days)

Fig. 3 The Depth of Water Penetration for GCB Ceter

Table 1l shows the summary of the results of thsetd

decreased with prolong of curing. The depth of Watecarrled out for the GCB concrete. From the tallegan be

Geen that the properties in terms of water absor@ind water

permeability which is based on depth of penetratbmwater

and coefficient of permeability gave a better perfance at
30% replacement with GCB compared with control OPC
concrete, while in terms of compressive strengtinethough
30% replacement gave a lower value, however itexeli the
target Grade 30 concrete taken at 28 days strength.
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TABLE IlI
SUMMARY OF THE PROPERTIESOF GCB CONCRETE

[2] Malhotra V.M. Fly Ash, silica fume, slag, & otheiimeral by-product in
concrete, Publication SP-79, American Concretatlrist 1983.

Properties Mixes _Days of Curini [3] Farrell. M.O., Sabir, B.B., Wild, B., and Golaszéiys]., Suchon, S.,
7 28 60 90 120 and Szwabowski, S. The influence of ground clagkdn the physical

Compressive OPC 3198 37.06 4639 47.68 50.06 properties of mortar and concrete, University ofu@brgan United
Strength GCB1( 29.0¢ 35.5° 41.31 42.6¢ 48.3¢ Kingdom and Silesian Technical University, Pola2@00.
(N/mn?) GCB2( 2641 339 368 389 418 (4 Qgt‘i'\’/g:;k ;Sli'\r:lu;;?at'7'\gi a”;’4’;erlué o Pozzalani@biehur of thermally
Water gggm _21'35 43 111553 43(7)'502 33;'120 33fi47 [5] British Standard Institution BS 812-103-1 - Testiggregates.
Absorption GCB10 - 4.67 4.12 3.25 2.25 Iillgeéfs]ods for determination of particle size disttibn. Sieve tests,
o Z .
(%) GCB2C - 4.1¢ 3.57 3'0‘2 2.1i [6] British Standard Institution BS EN 12350-2 - Tegtiftesh concrete.

GCB3C - 4.11 3.1C 2.8F 2.0 Slump test, 2000.
Depth of OopPC - 5133  37.37 3356 3053 [7] pBritish Standard Institution BS EN 12390-4 - Tegtimardened
Penetration ~ GCB10 - 5540 3642 3285 2575 concrete. Compression strength. Specification fsting machines,
(mm) GCB20 - 52.33 3592 28.18 24.36 2000.

GCB3(__ - 50.2C 34.9¢ 27.3t  23.5¢ [8] Department of Environment (DOE). Design of Normah€rete Mixes.
Coef. Of N OPC - 10.2¢  5.4€ 4.3t 3.6C BRE Publication, United Kingdom, 1988.
Permeability GCB10 - 11.86  5.20 4.16 2.57 [9] British Standard Institution, BS 1881:122 — Testirancrete. Method
(10%mis) GCB20 - 10.60  5.02 3.28 2.30 for determination of water absorption, 1983.

GCB3( - 9.7¢ 4.7 2.9C 2.1t [10] British Standard Institution, BS EN 12390-8 — Tegtihardened

IV. CONCLUSION
From the study carried out, it shows that thera tential

concrete. Depth of penetration of water under pires<2000.

[11] American Society for Testing and Materials, ASTM €18 -
Specification for coal fly ash and raw or calcinegtural pozzolan for
use in concrete. 2003.

of using the GCB (30%) as PCR in concrete making dg/.Z] Bektas, F., Wang K, and Ceylan, Use of ground dlaigks as a

partially replacing OPC. Outcome from this, thedarction of

pozzolanic materials in concrete, Journal ASTM rimé¢ional, Vol. 5,
Issue 10, ISSN 1546-962X, 2008.

cement can be reduced therefore the problems as$sdci [13] Golaszewski, J., S.Suchon, J Szwabowski, M O'RargelB Sabir, S

(depletion of raw materials for making cement,
consumption of energy, emission of &£Qcontribution to
greenhouse effect, air and water pollution, etcidh vihe
production of cement (OPC) can also be reduced.uBeeof
demolition waste (clay bricks) resulted in bettélization of
the construction debris. The specific conclusidrs tan be
drawn out of this experimental work are as follows:

high

Wild, The influence of ground brick on the physipabperties of mortar
and concrete. Silesian Technical University Poland University of
Glamorgan, United Kingdom, 1999.

[14] Toledo Filho, R.D., Goncalves, J.P., Americano, .BaBd Fairbairn,
E.M.R., Potential for use of crushed waste calciclag brick. Vol. 37,
Issue 9, pp. 1357 - 1366, 2007.

Concrete Society, London. Technical Report No. 3Permeability
Testing of Site Concrete — A Review of Methods &xgerience. ISBN
0946691 21.5, London, p. 43.

[15

—

1. Replacing OPC with GCB as PCR materials has rasulte
in a marginal reduction in the slumps obtained as

compared to OPC control mix, i.e. the slumps des@ea

as the percentage of GCB increases.
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water absorption as well as water permeability. SEhe

might be due to finer GCB particle thus, will filp the
spaces between the coarser cement particles. fidiegs
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subsequently reduces the degree of water absoratidn
water permeability.

ACKNOWLEDGMENT

The authors would like to express their appreamtm the
Universiti Teknologi MARA for their assistance, operation
and support in conducting this research. The astgmatefully
acknowledge the financial support (Excellent Furicim
Research Management Institute (RMI), Universiti Aakgi
MARA, Contract No: 600-RMI/ST/DANA 5/3/Dst (52/201.0

REFERENCES

[1] Malek Batayneh, Igbal Marie and Ibrahim Asi. Usesefected waste
materials in concrete mixes. 2007.

Universiti Teknologi MARA, Malaysia and has beeradlved in engineering

education for almost 26 years. She is actively lvea in concrete related
research and up to date has written more than rfemce papers and 8
journal papers at the international and nationadle She published a book

the concrete arfititled ‘Rice Husk Ash in Concrete’, (Kuala Lumpumiversity Publication

Centre (UPENA), ISBN 978-967-303-025-7, 2010) AssPBrof. Ir. Dr.
Kartini Kamaruddin is a professional engineer vilie Boards of Engineers
(BEM), Malaysia and an active member of the In§ttu of Engineers
Malaysia (IEM). She is actively involved in the @megring profession. Her
affiliations and contributions in professional atethnical bodies extend
internationally. She is a Fellow member of the Gete Society of Malaysia
(CSM) and she was the past President of The Can&etiety of Malaysia
(session 2000/2002 and 2003/2004) and had servetl years for the seat.
She is also the member of the American Concretétutes (ACI) Kuala
Lumpur Chapter. She was also a member of ASIAN @&iacConstruction
Institute (ACCI).

582



