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Abstract

Accumulation of unmanaged industrial solid wastspegially in developing coun

S Mted m iacreased

environmental concern. In view of utilization oflirstrial solid waste the recycled, paper mill wagRPMW) — cement

composite bricks were designed and developed. deroto investigate the en
construction materials two small scale model howsee designed and develop
and commercially available fly ash bricks as pee gtandards. In order to asses
sustainable building materials the temperaturedesihe model houses we
of a year. The economic viability for the developsatiel houses was als
surface temperature readings for the developedIsscale model housg
assembly. The detailed analysis revealed that dweldped waste-creal
and economical than fly ash brick model house. béiger thermal pe

house can drive the construction of energy efficinlding sg
the thermal load of the built environment. The dgyved lo
feasibility of the product as well.

Keywords: Waste-create brick, Small-scale mode

1. Introduction

Brick is one of the important m<erialsg for the
construction industry. The infrastru s ngs
for housing and industry, and the fomdbng
water and sewage requires a e amount of catistnu
materials. Since the large
building material industgy, eS
owing to the increasi pulation, there is a naitsm
ply agement of these materials
continually increasing demand,
ing to design and develop
solutions for the consioact
of industrial wastes by inaygiing
ing materials is a practical solatitm the
. The use of solid waste as aera#tive
raw material for the development of brick is a airgtble
solution.

Hence to me
researchers
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erformanceso$tainable
ith te-create IRPMement) bricks
e thermal coniforthe considered
nitore® over the sagdyibn for the period
. The recorded $acade exposed wall
sed to estimate thentleronduction of wall
odel house was merentdly comfortable
ormance capacity of the wastate brick model
0 minimize energy consumptiooulgh the reduction of

stainable construction materighamces the practical

, Thécamafort.

The raw materials used are otherwise land filled an
thus, add to ever escalating cost of disposal.niyts have
been made to incorporate waste in the productidorioks
[1]. In order to recover the use of raw material as
sustainable construction material A. Milani et al.
investigated the incorporation of the agriculturahd
industrial residue of rice husk ash into the cement
stabilized rammed earth system [2]. The result gibthat
sandy soil, when partially replaced by maximum ash
content of 7.5% and stabilized with 10% cementyedoto
be a promising alternative material.

Unwanted thermal energy can accumulate in buildings
and dwellings from a variety of sources, such dgt@n or
convection-induced heat transfer and air infilbatthrough
walls, heat from interior appliances, equipment and
occupants; and solar radiation. The use of themmsalation
and special types of building materials has in@éas
significantly in recent years in both hot and coluinates.
This is due to the increasing demand on the thecomafort
of people in residential, commercial and governalent
buildings besides the ever increasing cost of eneky
Dondi et al. [3] measured the thermal conductiafyclay
bricks and investigated the correlations of therntia
performance with the compositional, physical, anidron
structural features of products. K. Al-Jabri et[4]. studied
the possibility of developing concrete blocks usingste
materials. The blocks were produced from the waste
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materials like vermiculite and polystyrene beadsicty
were used as lightweight aggregates with different
proportions in the mix, and cement kiln dust (CKiBed as

a partial replacement for cement. The thermal atsn
property of the developed lightweight concrete kdowas
compared. Results showed that lightweight condokieks
manufactured from polystyrene had a lower thermal
conductivity than vermiculite and ordinary concrbtecks.

B. Bhattacharjee et al. [5] determined the watempeable
porosities and thermal conductivity of ceramic ¢artion
materials experimentally. A model relating ponpsitith
thermal conductivity of ceramic construction matkriwas
proposed. The experimentally determined valueserntal
conductivities reported for some bricks are themmared
with those predicted through proposed model. A. dBair

[6] studied the steady state thermal behavior refdficlay
hollow bricks for enhanced external wall thermaiuliation.
The insulation materials injected within brick reses
during the assessment are granulated cork and dsgan
polystyrene. The results had shown that repladiegcork

by expanded polystyrene (EPS), having a lower therm
conductivity, would not improve significantly theverall
thermal resistance. E. Custodio-Garci’a et alPgfformed
mechanical and thermally controlled measurementsadis
made using modern construction block material amel t
traditional red fired clay brick material. It wabserved that
the ancient tradition of using fired clay brickgr fthe
weather conditions in central Tabasco represents a
excellent alternative in cost and energy savings fi
construction. M. Ozel [8] determined the therpa
performance of building walls constructed of c
briquette, brick and autoclaved aerated concre
uninsulated and insulated wall structures. A.
had carried out the case study of thermal pe

embodied energy analysis of a pagSive house.
Ralegaonkar and R. Gupta [10] construgted afid zechly
small-scale experimental models a nsamict
material with insulating material rying stati

sunshades. Lertsatitthanakorn &
comparative performance o
sand—cement block room ywitf
clay brick room. The

gain in buildings d
evaluation of ro

al.\11] repodadthe

husk ash (RHAEeba

at of'd standard oercial

block reduces shksat
comparisons included an

perature, solar conductiorat he

. Khorami and J. Sobha?j [

attested the applicability of utilized waste agtioal fibers
in production of cement composite boards by imprg\the
flexural and energy absorption characteristics,enmrless,
depending on the type of fibers. A. Allahverdi ahdNajafi

Kani [13] investigated geopolymerization of constion
waste materials with different alkali-activatorsséd on
combinations of Na2SiO3 and NaOH. A number of sgste
were designed and prepared with water-to-dry bimeto,
silica modulus, and sodium oxide concentration was
adjusted at different levels and setting time ad@dd&y
compressive strength was studied. The results raatai
reveal that construction wastes can be activatéog us
proportioned mixture of Na2SiO3 and NaOH resulting
the formation of a geopolymer cement system exhgit
suitable workability and acceptable setting timed an
compressive strength.

The need for solid waste mana
insulating material are becomin rtant issuElke
present paper aims at compari erformance of
recycled paper pulp- ce t bri 0 commercially
available bricks with refer Wthermal parfance
of the model house. In ghe presapt study locallgilakle

fly ash bricks were usedias a c@nventional brick.
2. Materials aj %s

er milFwaste (RPMW) was obtained from
Paper mill, Nagpur, India. The

ent and sustainable

in different weight
portions. Hand operated hydraulic press was used
e bricks of dimensions 230 X 105 X 80 ™rfihe
es of RPMW and cement with different composision
ere prepared. RPMW weight percentages in the
composition mix were varied from 80% - 95%. In the
mixing process of samples, RPMW and cement contents
were placed in a mixer and mixed for 2 min. In orte
obtain more homogeneous mixes, the water was gpraye
by air pump onto the mixes and mixing was condudted
another 5 min. Afterward, the fresh mixes were iieid
the steel molds. The mix was pressed in the mdldtgi
initial moisture was removed. The brick was takehand
kept for solar drying till its moisture further necks by
another 15 + 3%. The semi-dried brick was furthesped
till its moisture content was reduced by 10 + 2% &men
kept for final sun drying. The methodology followéal
manufacturing waste create brick is shown in Fig.he
mechanical properties of the RPMW-cement brickdb(@a
1) were tested and the same was presented [14].
Commercially available fly ash bricks were usedihgv
ingredients of ordinary Portland cement, thermatich
fly ash, crushed sand/stone dust and admixtureg Th
physico-mechanical properties of fly ash bricksdusee
presented in Table 1.

Table 1 Properties of brick (IS 3495: 1992)

Tvpe of Brick Compressive Water Absorption  Density Thermal Efflorescence
yp Strength (MPa) (by weight) (%) (kg/n?) conductivity W/mk
Fly Ash Brick 3.12 14.64 1750 1.05 NIL
Waste-create brick 9.91 100 670 0.3 NIL
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Fig. 1 Methodology followed for manufacturing RPMW brick

2.1. Development of model house

Two different model houses facing towards northewer
built by the developed waste-create bricks (model)M
and commercially available fly ash bricks (model2)-
The small scale experimental model houses weret buil
with 1m height and 1m X 1m in the plan. One doosiaé
0.3m X 0.7m on north side wall panel and one window
each of size 0.3m X 0.3m on remaining three sidé wa

panels was provided in case of both model housks. T
total area of opening were 0.27 exgluding area of the
door as per the requirement 7:2005 (National
building code of India) [15]. The i sg fimodel

Fig. 2 Isometric sketch of Model house

Model M-1

Fig. 3 Model house of waste-create bricks and converitiomeks
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houses M-1 and M-2 was kept 12 . The isometric
sketch of model house is in Big. 2. The buddel
house is represented in fFig. 3.
1000
.,
All dimensions are in mm
Model M-2
441



As the water absorption for RPMW-cement brick was
significantly higher, the ferrocement technique hwit:4
mortar mix was used to build a model house M-1 With
mm air gap on both sides of wall panel to avoid divect
contact of moisture on the surface of RPMW-cemeitkb
wall. Ferrocement is a versatile form of reinforced
concrete made of wire mesh, sand, water, and cement
which possesses unique qualities of strength and
serviceability. It can be constructed with a minmwf
skilled labor and utilizes readily available ma#ési[16].
The model house M-2 was developed by using
commercially available fly ash bricks with 1:4 narmix.

The corrugated green fibre sheet of 5 mm thickvess
provided as a roof material for each model house.

3. Test Methods

The model houses were built in shadow free area on
the terrace of Civil Engineering Department, Visiaaya
National Institute of Technology campus, Nagpur thie
central India. In this study, the thermal behawérboth

the model houses was investigated, in order tosasite
response to the local weather conditions of thg oit
Nagpur, in the central India, where the model heugere
built. The climate variable (ambient temperatured an
indoor temperature) at the installation site waréed in

the months of October to June for every 1 houravidata
logger sensor (Model Digi Log Series, 8/16 Channel
Universal Digital Process Data Recorder [17]) ithsthin

the center and at the desk level (0.3 m from ther}l of

the model houses [18]. In this paper the maximum,
minimum, average indoor and ambient temperature of
model houses was presented from October 2011 te Jun
2012 (Fig. 4, Fig.5 and Fig.6). The geasonal diaation

presented in Table 2 [19]. The
predominant parameter in th

city of ur ancchehe
thermal behavior of both w\ouses was aedly
excluding the rainy seasén. Duri e rainy seadoe to

, the ambient tengpure

the unavailability of clear skie
recordings were f hin the comfort rareyed
excluded from ther performance analysis.
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Fig. 5 Variation of minimum indoor temperature of modelikes
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Fig. 6 Variation of average indoor temperature of moderldes ‘ ,
Table 2 Seasonal classification
Seasonal Months Maximum Minimum verage Relative
classification Temperature?C)  Temperature’C)sTemperature’C)  Humidity (%)
Moderate October 37 16 26.5 57.5
Winter November 43 14 28.5 50.5
December 33 21.5 52.5
Winter January 32 19.5 60
February 39 9 24 42.5
March 42 15 28.5 30
Summer April 44 2 33 36
May 47 23 35 30
June 46 22 34 53
July 3 22 28.5 75
Rainy August 22 28 74
September 34 21 27.5 70

As perspiration evaporation depend
gradient between skin surface (sat
and ambient air (vapour parti
the air has an impact on thg

2 heat transféng
ambient air hasigh

rt range of indoor huiyid

values is in be to 70% [20]. In the trapic

region wher ept’study was carried outeladive
humidity fort range and hence exaude
4, Results and'®iscussion

4.1. Thermal performance of model house

The use of thermal insulation materials, partidular
wall materials, is the major issue in today’'s camgion
industry aiming to save energy. The solution of the
problem of energy saving, in the construction sectould
be achieved by prudently chosen materials, as is
demonstrated in the conductance of the waste-cheies
and conventional brick model houses of this stuidy.
accordance with the handbook on functional requéresn
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n pressure of buildings (other than industrial building) SP [21], the

comfort range of the temperature is’C8to 27°C.

In this study, by using Simpson’s rule for integrat
areas under the temperature curves were calculltésl.
evident from Fig. 4 that the model house M-1lwas
determined to be 20% cooler than model house M-2.
Based on the recorded data for temperature over the
experimental duration it is estimated that aroufiélo2and
5% area is in the comfort range for M-1 and M-2 elod
house respectively. The maximum temperature of°89.1
and 49.8C were observed in summer and@iand 25C
in winter for the model house M-1 and M-2 respesliiv
The temperature in model house M-1 was in an aeerag
4°C less than that of the ambient temperature wheteas
temperature in the model house M-2 was almost ainl
ambient temperature over the recorded time durgfam
4, Fig.5 and Fig.6). The recorded temperature ofleho
house M-1 was on an average °85less than the
temperature obtained in case of model house M-thas
model house M-1 was made from waste-create bricks,
which was much more porous and fibrous materiai tha
ash, and the pores, as they contain air, condastHeat,
thus making the waste-create material less theymall
conductive than fly ash. The Thermal conductivity o
waste create brick was 72% less than that of fiy kasck
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which in turn increased the thermal resistance aapaf
waste create brick by 46% to that of fly ash bri€last
analysis of the waste-create brick was evaluated an
compared with the cost of the commercial brick. Thet
of the waste-create brick is almost 50% less theut of
conventional bricks available in central India.idt also
observed that the cost of construction per squatemby
using waste-create brick is 35% less than the oaet&in
cost of the structure by using conventional bricks.

The walls of both the model houses were exposed to
solar radiation, and recordings of the variationstle
outside and inside surfaces were made. The measntem

—e—Model M-1 Outer
—a— Model M-2 Outer

were recorded during the daytime on"1@ctober 2011
and it was observed that the maximum surface tesyer
was on the south side wall for both the model hsuge
comparison of the outside and inside surface teatpers
of the south side wall of both the model houseshswvn in
Fig. 7. It was found the inside surface temperatfréhe
south side wall of the model house M-2 was highant
the inside surface temperature of the south sideinvéhe
model house M-1. This was attributable to the wastate
brick having a lower thermal conductivity than the
commercial fly ash brick.

—a—Model M-1 Inner
——Model M-2 Inner

N

n

10.00 AM
11.00 AM

Vlz.oo Noo

ace t
brick

Fig. 7 Variations of the outside and inside s

Consequently, solar conductio ansfer from
outside to inside surfaces of the, waste*createk bl is
. TRe conductiorah
al transmai¢td22]

transfer, thermal resistan

are then given by the f xpressions.

Quona = kA > g (1)
Ry = fa-m (2)
U= 1/RT 3)

where Qongis the conduction heat transfer rate,

k is the thermal conductivity,

Ais the wall area,

T, and T, are the temperature of outside and inside
walls, respectively,

L is the thickness of the wall,

Ry is the total thermal resistance

444

14.00 PN
15.00 PN
16.00 PN
17.00 PM

ime (h)

s of south side wall for the waste-createkamiodel house and the fly ash
del house (f10ctober 2011)

l is the thickness of the various parameters in the
assembly

U is the thermal transmittance

By applying eq. (1), (2) and (3) to the temperature
differences during the day, the conduction heatsfiex
rate, thermal resistance and thermal transmittahc®uth
side walls for both model houses were calculatelde T
calculations shows the south side wall of model M-2
giving a maximum higher conductive heat transfanth
that of the waste-create brick wall by about 33.8a%/
shown in Fig. 8.

The thermal resistance and thermal transmittance of
waste-create brick wall and fly ash brick wall is
represented in Table 3. The thermal resistancheosduth
side wall of model M-1 is 46% higher than the thafm
resistance of the south side wall of model M-2.e Fiigher
thermal resistance capacity of the waste-creatk hwall
can drive the construction of energy efficient By so
as to minimize energy consumption through the reéduc
of the 20% thermal load of the built environment.
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Fig. 8 Comparison of conduction heat transfer betweemtse-create brick wall an{the ﬂyy ’srick wall

Wall type

Table 3 Thermal resistance and thermal transmi %
Total thermal resistance {R ermabtransmittance
= 1/R) (w/nk)

Waste-create brick wall
Fly ash brick wall

(mk/w)
0.534 1.87
0.284 3.52

5. Conclusion
The small-scale modeling

studied sustainable building materials. Waste-erdum
showed lower thermal conductivity and higher
stability with respect to fly ash brick. The
waste-create brick model house was foun
thermally comfortable and economical t
the waste-create brick model hous
construction of energy efficient buil

energy consumption through the re

load of the built environment

technique had bee
effectively applied for thermal comfort assessmainthe

o of thentlaé
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