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ABSTRACT

The aim of this study is to design concrete mixes, which is
used in cement bricks and walls using recycled rice straw and
blast-furnace slag. The studied factors are rice-straw content
(3,6, 9, 12, 15 % related to cement mass) for both rice straw
(untreated and treated with NaOH with 1 % concentration).
The main results show that; At 28 day, compressive, tensile
and flexural-strength ranges of “20.56 — 3.7 and 17.03 —
3.44”, “2.65 —1.17 and 2.52 — 1.03” and “6.49 — 1.66 and
3.04 — 0.84” MPa were obtained by using concrete mix with
rice straw of 3 — 15 % for treated and untreated rice-straw
respectively. Meanwhile, for concrete mix without rice straw
(control) the strength values of 32.1, 2.78 and 5.9 MPa were
obtained. The maximum absorption and porosity of 33.54 and
32.05 % respectively, were obtained for concrete specimens
made by using untreated rice-straw of 15 %. Meanwhile, the
minimum absorption and porosity values of 5.71 and 13.47 %
respectively, were obtained by using concrete mix without rice
straw. The real-density ranges of 1961 — 1444 and 1816 —
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1371 kg/m® were obtained by using concrete specimens made
with rice straw content of 3 — 15 % for treated and untreated
rice-straw ,respectively. Meanwhile, for concrete mix made
without rice straw (control), the density is about 2243 kg/m®.
The costs of 1000 brick unites were 550, 370, 360, 350, 340
and 330 L.E. for bricks containing 0, 3, 6, 9, 12 and 15 % rice
straw, respectively.
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INTRODUCTION

The urgent need to develop suitable and affordable housing is
born as a consequence of the fact that over one billion people
in the world, most of them are living in the developing

nations, are either homeless or live in very poor housing. On
the other hand, the sustain able world’s economic growth and
people’s life improvement greatly depend on the use of
alternative products in the architecture and construction, such
as industrial wastes conventionally called “green materials”
(BASIN news, 2001). Cement bonded boards (CBB) are well
established in market place and widely applied in many
developed countries. It combines the properties of two
important materials: cement and any fibrous materials like
wood or agricultural residues. It is a panel product made up of
strands, flakes, chips, particles or fibers of wood or some
agricultural residues bonded with ordinary Portland cement
(Pererira et al., 2006). Wood particles-cement composites was
produced from a number of agro-forestry material including
sawdust, construction waste, bagasse, coffee husk, maize
husk, and furniture waste-wood among others (Kasai et al.
1998, Olorunnisola & Adefisan 2002, Ajayi 2002).



Seventh International Conference on =T
ome NANO-TECHNOLOGY IN ERU Ej
P CONSTRUCTION -

Egyptian -Russian  Izhevsk State

o e ey SN I Ll el gl il TR S
e e T (NTC 2015)

Lignocelluloses materials are available on a worldwide basis
and considered from renewable resources. These materials
have low cost and energy because of producing them
manually and by low technology (Frybort et al., 2008).
Composites made of cement and lignocelluloses materials
have many advantages; better dimensional stability, better
resistance to bio deterioration and fire, have no formaldehyde
emission originating from the binder and can be used as
means of recycling wood residues . On the other hand, these
materials can be used to face the insufficient of wood fibers
and the increasing in lumber prices (Pererira et al., 2006). On
the other hand, the manufacture of ordinary Portland cement
(OPC) is a highly energy intensive and environment
unfriendly process required about 4 GJ of energy per tone of
the finished product in addition to produce 0.8 — 1.3 ton of
CO, per ton of cement production. In addition, the
contribution of Portland cement production worldwide to the
greenhouse gas emission estimated to be about 1.35 billion ton
annually or about 7 % of the total greenhouse gas emission to
the earth atmosphere (Malhotra, 2002). In order to produce
environmentally friendly concrete, Mehta (2002) suggested
that to use of fewer natural resources, less energy and
minimize carbon dioxide emissions. McCaffrey (2002)
suggested that the amount of CO, emissions by cement
industries could be reduce by decreasing the amount of calcite
material in cement, by decreasing the amount of cement in
concrete, and by decreasing the number of buildings using
cement. Literature reveals that alternative binders in
developing countries are called Fal-G binders, made from fly
ash (as a source of pozzolan), lime and calcite gypsum

(Garg et al., 1996 and Tishmack et al., 2001). The Egyptian
rice yield is one of the highest in the world (3.7 tons per
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feddan in 2013). Thus, rice straw is a major agricultural by-
product in Egypt, where its production in 2013 estimated to 4
million tons (FAO, 2014). The methods of disposing of the
straw and stubble residue remaining in the fields after harvest
are either burning or baling. There are some limited uses of
rice straw such as animal feed or paper industry. Burning of
rice straw is the principal disposal method that it is efficient,
effective and cheap. Burning the straw in open fields, caused
boosting air pollution and serious human health problems due
to the emission of carbon monoxide (Allam et al.,, 2011)
Egypt has adopted several low-cost housing strategies, in an
effort to compensate for growing housing demands. At
present, vast majority of housing units are reinforced concrete
structures with either bricks or cement block infill, which are
adopted materials from other climatic zones and countries
with different types of natural resources. One of the most
abandoned materials in Egypt is cellulous non-wood fibrous
materials, such as rice straw. Instead of burning the straw,
recycling it with a mixture of cement forms a sustainable low
cost building material, which also reduces atmospheric
pollution (Allam et al., 2011). Morsy (2011) found that the
compressive strength for rice straw - fly ash cementitous
mixture ranged between 3.8 MPa at 20 % rice straw content
and 30 MPa at 5% rice straw content. Rice straw cementitious
composite flexural strength increased by increasing the straw
content up to 7.5 % for 10, 20 and 30 mm rice straw particle.
In addition, flexural strength increased when flake length
increased at the same fiber content. The rice straw
cementitious mixture could be classified as carrying material
for making bricks with straw content up to 10 %. This study
proposes the use of rice straw as a lignocelluloses material to
improve and develop
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slag -lignocelluloses-composites building materials as a means

to positively impact on the shelter conditions of Egypt and the

resource poor countries of the developing world. In addition to
these benefits, the straw could act as a thermal insulation
material for the hot climate of Egypt. In addition, the use of

thermal insulation helps in saving energy, and creating a

pleasant indoor air temperature. The aims of this study are:

(1) Study the effect of rice-straw ratio on physical, mechanical
and thermal properties of bricks.

(2) Study the effect of rice-straw chemical treatment by
sodium hydroxide on physical and mechanical properties
of bricks.

(3) Study the effect of slag binding-material on physical and

mechanical properties of bricks.

2. EXPERMINTAL
2.1. Materials

The main experiments were carried out through Company
Good Mix for Ready Mix Concrete, 6Th of October City,
Giza Governorate during the period from 2012 to 2014.

The materials used in this study include water, rice
straw, binding materials and chemicals. Potable water with
PH value of 7.0 confirming to IS 456-2000 was used for making
concrete and curing of the specimens. The silica-fume powder
used was complying with the requirements of ASTM C 1240,
with an average SiO, content of 92.85 % . The cement was
locally produced according to Egyptian Standards ES 4756 that
complies with the EN197. Cement type of «CEM I», 52.5 N and
grade with commercial name of "Misr- BeniSuef" was used in
the experimental study. Granulated blast furnace slag used in
experimental research was produced from Helwan Iron and
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Steel Company. The slag was ground to size of 150 - 200
microns. Gypsum from Sinai Company was used. Local
limestone was used in tested concrete mixes. Crushed
limestone filler retained on the sieve No. 200 was used with
specific gravity of 2.61 kg/cmd. Table 1 illustrates the chemical
composition of these raw materials. Fine aggregate (sand)with
100 percent passing sieve No. 3/8 and a minimum of 80
percent sieve passing the No. 4 sieve was used in the
preparation of concrete mixes. Course aggregates hving a
minimum of 20 percent retained on sieve No. 4. Agricultural
residues used in experiments was rice straw with addition of 3,
6,9,12, and 15 % related to the weight cement. According to
(ASTM-D1109-84), the treatment of agricultural residues was
carried out by soaking in 1 % sodium hydroxide for 24
hours then filtered through 2 mm screen. The ratio between
agricultural residues and soaking solution was 1:10 by
weight. After filtration, rice straw was washed till the water
became clear. Then the treated rice straw was dried in an
oven at 105 £ 2°C and packed in polyethylene bags until
using the time of utilization. Chemical additives are also used in
this study, these are: (i) A commercially available super-
plasticizer (SPR from NOVO CHEM Company) was used to
enhance the workability of fresh concrete for the selected
proportions of ingredients (ASTM C494 as Type G) and (ii)
sodium hydroxide All the materials were stored in the concrete
laboratory at 25° C in closed containers or bags to ensure that the
conditions were kept constant throughout the test period.
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Table 1: The Chemical analysis of raw materials

Oxides OPC | Slag SF Gypsum | Limestone
SiO, 20.47 35.55 92.85 0.23 1.34
CaO 63.52 36.53 0.39 32.7 55.13
Al,Os 4.99 11.53 0.61 0.08 0.69
Mg O 2.32 6.7 1.58 0.46 0.13
N,O 0.16 0.5 0.03

MnO 3.6

K,O 0.12 0.87

Fe,Os 3.54 0.39 0.94 0.05 0.12
SO; 3.04 43.68 1.7
BaO 3.00

Free 1.17 40.56
Lime

S 1.31

L osses 0.45

3.2 Methods of investigation:

Gradation of all-in  aggregate was carried out according
to (BS 882) standard, with 35 % of sand, 32.5 % of size
number 1 and 32.5 % of size number 2.Curing of all concrete
specimens was carried out according to ASTM C 192
standard of. After 24 hours of tee casting the specimens
were removed from the moulds and immediately
submerged in clean fresh water and kept there until taken out
just prior to testing. The curing temperature of the water in the
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curing tank should be maintained at 20-25°C.  Concrete
specimens made of all mixes was designed according to
BS5328:1981 standard. Concrete mix design consists in
selecting and proportioning the constituents to give the required
strength, workability and durability. A total of six concrete
mixtures were prepared. The first is a reference concrete mix
(control mix), the remaining five mixtures were prepared with
agricultural residues of 3, 6, 9, 12, and 15 % , limestone filler
of 0.5 %, gypsum of 0.5 %, silica fume of 10 % and slag of
50 % as replacement for cement respectively. Water / cement
ratio is constant at 0.55 for all concrete mix.

3.2.1. methods of Physical Studies

Real density was measured according the standard of
(BS1881:Part114 methods for determination of density of
hardened concrete) - (1ISO 6275). Density was measured based
on the oven dry weight and volume of the specimens .Each real
density result was  the average of three specimens. Real
densities were calculated by using the equation:

wd
PS= v

Where: Ps is the real density; (g/mm3), Wd is the weight of the
specimens; (g) and V isthe volume of the specimens;
(mm3).

Water absorption and shrinkage were determined
according to the standard of ASTM (D- 1037) The percentage
of total absorption was calculated by using the following
equation;
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Absorption (%) = Abs = ——_——x 100

Wil

Where: W, is the average weight of dry specimen’s; (g). W.is
the average weight of wet specimen's; (g).

Then the amount of water absorbed and shrinkage increase

after 24-hours of water soak was calculated as a percentage of

the original weight and thickness of test specimens. While,
the porosity was calculated after 28 days from soaking in
water by using the following equation:

(wa—wd )

(Wa—wWwW )

Where: P(%0) is the saturated porosity. Wa is the Specimen
weight in air of saturated sample; (g). Wd is the
specimen drying weight; (g) after 24 h in oven at 105 +
5°C and Ww is the specimen weight in water; (g).
Porosity is defined as the volume of voids in a solid

material expressed as a percentage of the total volume. This

method was used to measure cement based materials porosity

successfully (Papadakis et al, 1992; Cabrera et al, 1988;

Rossignolo and Agnesini, 2004; Gonen and Yazicioglu,

2007).

3.2.2. Methods of Mechanical Studies:

The compressive strength of concrete was determined
according Standard of BS. 1881:1983 part 108-111 with
dimensions of (150 x150x150 mm). The compression test
machine was Chinese made, model of jys-2000A, Class 1,
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measure range of 0 — 2000 kN, accuracy of 0.1 N. The test was
carried out after ages of 3, 7, 28 and 56 days. The average for
three specimens were taken. The compressive strength is
calculated using following equation:

CS =

(B=L)

Where: CS is the compressive strength; (MPa), P is the
maximum load; (N), L is the length of sample; (mm) and
Bis the width of sample; (mm).

The flexural strength was measured by using prism with
dimensions of 100 x 100 x 400 mm. This test was determined
according to ASTM C 496-86 Standard. Prisms were cast,
demoded and cured in a similar way as the compressive
strength. The average of strength for three specimens were
taken. The flexural strength is calculated by the following
equation:

Fs = 2
Where: FS is the flexural strength ;N/mm (MPa), Pis the
maximum load; (N), L is the length of sample; (mm)., W
Is the width of sample; (mm) and Tis the thickness of

sample; (mm).

Indirect tensile test was measured in according to
ASTM C 496-96 standard. This test method measures the
splitting tensile strength of concrete by the application of a
diameter compressive force on a cylindrical concrete specimen
placed with its axis horizontal between the platens of a testing
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machine. The splitting tensile strength of the specimen was

calculated according the following equation:
ZP
wld

Where: Tis the splitting tensile strength, (MPa), Pis the
maximum applied load indicated by the testing machine;
(N), Iis the length of cylindrical specimen; (mm) and d
Is the diameter of cylindrical specimen; (mm).

3. RESULTS AND DISCUSSION

Fig. 1 shows the effect of rice-straw percentage treated
and untreated on absorption, porosity, real density and
shrinkage of the hardened concrete. The results show that the
absorption and porosity increases with increasing rice-straw
percentage for treated and untreated rice-straw. Meanwhile,
the real density and shrinkage decreases with increasing rice-
straw content of 3 to 15% treated and untreated rice-straw.
The maximum value of absorption and porosity of 33.54 and
32.05 % respectively, were obtained by using untreated rice-
straw of 15 % content. Meanwhile, the minimum value of
absorption and porosity of 5.71 and 13.47 % respectively
,were obtained by using concrete mix without rice straw. The
absorption and porosity values increased by 81.3 and 54.2 %
respectively ,when rice-straw content of concrete increased
from zero to 15 %. Also, the absorption and porosity values
increased by 15.3 and 17.8 % for concrete specimens made
by using untreated rice-straw compared with those made with
treated rice-straw. The increase of absorption by increasing
rice-straw content in concrete is due mainly to the increase in
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porosity of concrete containing rice straw as compared with
the concrete made with neat cement. As the straw content
increases, the ability of the composite to absorb water
increases. This may be explained by the fact that straw, like
other lignocelluloses, is hygroscopic, with a relatively high
affinity for water. Also, the increase of absorption for
concrete specimens containing untreated rice-straw is due to
the increase of porosity as compared with those containing
treated rice-straw. Meanwhile, the minimum porosity of 13.47
% was obtained by using concrete mix made without rice
straw. The maximum shrinkage of 32.05 % was obtained for
concrete made by using untreated rice-straw of 15 %. The
shrinkage was increased by 88.1 % by increasing rice-straw
content from 3 to 15 %. Also, the shrinkage was increased by
43.3 % by using rice straw as untreated rice straw compared
with treated rice-straw. At 28 days of hardness, real-density
ranges 1961 — 1444 and 1816 — 1371 kg/m® were obtained by
using concrete mix made with rice straw of 3 — 15 % for
treated and untreated rice-straw, respectively. Meanwhile, the
real density of 2243 kg/m® was obtained by using concrete
mix without rice straw (control).

Figure 2 shows the effect of rice-straw percentage
treated and untreated and treatment on compressive, tensile
and flexural strength of hardened concrete. The compressive,
tensile and flexural strengths of the hardened concrete
decrease with increasing rice-straw percentage and age for
concrete specimens containing treated and untreated rice-
straw. After 28 days of hardened the values of , compressive,
tensile and flexural-strength ranges are “20.56 — 3.7 and 17.03
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—3.44”, “2.65-1.17 and 2.52 — 1.03” and “6.49 — 1.66 and
3.04 — 0.84” MPa were obtained for the hardened concrete
containing rice straw content of 3 — 15 % for treated and
untreated rice-straw respectively. Meanwhile, compressive,
tensile and flexural-strengths values of 32.1, 2.78 and 5.9
MPa were obtained for concrete specimens made without
rice straw additions (control). The values of compressive,
tensile, flexural strengths of concrete containing treated rice-
straw were increased by 6.4, 6.0 and 6.7 % respectively as
compared with those of concrete containing untreated rice-
straw concrete at 28 days of curing. The Egyptian standard
specification number 1349 - 1991 indicates that the
compressive strength of cement-sand bricks should be not
less than 7 MPa for carrying bricks and not less than 2.5 MPa
for non-carrying bricks. Based on this fact, all concrete
containing treated rice-straw content up to 9 % by weight of
cement are recommended for utilization as carrying bricks.
Also, concrete having rice-straw content of 12 — 15 %t were
accepted as non-carrying bricks. The decrease of compressive,
tensile and flexural strengths by increasing of rice-straw
content in concrete mixes is mainly due to decrease in the
consistency of concrete because of decrease of cement
percent. However, higher fiber content increases porosity of
the composite material and resulted in the loss of compressive,
tensile and flexural strengths values. Other possible reasons
for the increase in porosity at higher levels of straw addition
include the higher amount of water required for the sand mix
consistency and poor compaction (Karade 2003). Also, the
decrease in the compressive, tensile and flexural strengths are
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attributed to the physical properties of rice straw particles,
since they are less stiff than the cement matrix. Meanwhile,
the increase of compressive, tensile and flexural strengths of
treated rice-straw concrete is due to the increase of silica
content above the surface area of untreated rice-straw, which
activates the pozzolanic reaction with the cement. Free lime
librated during the hydration of cement. The decrease of real
density of cement bricks by increasing rice-straw content is
due to the decrease of rice-straw density compared as with
those of concrete containing cement density. In addition, the
increase in the density values of concrete containg treated
rice-straw as compared with concrete containing untreated
rice-straw is due to the increase porosity of of the latter .

4.3 Costs.

The results show that the costs of bricks units decreased by
increasing treated rice-straw content from zero to 15 %. The
costs of 1000-bricks units were 550, 370, 360, 350, 340 and
330 L.E. for brick contents 0, 3, 6, 9, 12 and 15 % rice straw,
respectively; the cost of 1000 bricks decreased by 40 % by
increasing rice-straw content from 0 to 15 %.

5. Conclusion

From the results of this study, the following conclusion can be
drived:

- At 28 days of curing , compressive, tensile and flexural-
strength values are ranged “20.56 — 3.7 and 17.03 —
3.44”, “2.65-1.17 and 2.52 - 1.03” and “6.49 — 1.66
and 3.04 — 0.84” MPa were obtained for concrete mix
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made with rice straw content of 3 — 15 % for treated
and untreated rice-straw, respectively.

The Egyptian standard specification number 1349 -
1991 indicates that the compressive strength of cement-
sand bricks should not be less than 7 MPa for carrying
bricks and not less than 2.5 MPa for non-carrying
bricks. Based on this fact, all concrete mixes containing
up to up to 9 % rice straw are accepted as carrying
bricks; also, concrete mixes having rice-straw contents
of 12 — 15 %t were accepted as non-carrying bricks.

- The costs of 1000 bricks unit were 550, 370, 360, 350,
340 and 330 for O, 3, 6, 9, 12 and 15 % rice straw
respectively

Thermal Conductivity

Thermal conductivity measures the ability of a material to conduct
heat, and is defined as the quantity of heat (Q) transmitted through a unit
thickness (L) in a direction normal to a surface of unit area (A) due to a
unit temperature gradient (AT) under steady state conditions and when
the heat transfer is dependent only on the temperature gradient. This test
was carried out on samples of 30*30*3cm using Laser Comp instrument
and according to ASTM C-518' It may be 5 to 6 hours until the condition
of steady state reach. The thermal conductivity was calculated using the
following Equation;

K=®Ax /AT
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Where: @ is heat flux (W/m?) flowing through the sample,K is its thermal
conductivity (W m™ K™), 4xis the sample thickness (m), AT is the difference in
temperature between the hot and cold surfaces of specimen (°C). Figur (3)
show the thermal conductivity of concrete containing different percent of
treated rice waste. The thermal conductivity measured of these samples
were varied between 0.83 and 0.3316 W/mK for samples without rice
straw and with rice straw content of 3to 15 % .

REFRENCES

1. Ajayi, B., Preliminary Investigation of cement-bonded
particleboard from maize stalks residues, The Nigerian
Journal of Forestry, 33 (1), 33-37, (2002).

2. Allam, M. E., Gihan, L.G. and Hala, G., Recycled
Chopped Rice Straw-Cement Bricks: Mechanical, Fire
Resistance & Economical Assessment, Australian
Journal of Basic and Applied Sciences, 5 (2), 27-33,
(2011).

3. ASTM D 1109-84, Standard Test Method for 1 %
Sodium Hydroxide Solubility of Wood, (2007).

4. ASTM. D 1037, Evaluating of wood base fiber and
particle panel materials. Philadelphia, Pa U.S.A., (1984).

5. ASTM C 496, Standard Test Method for Splitting
Tensile Strength of strength of Cylindrical Concrete
Specimens, (2006).

6. ASTM C 1240 Standard Specification for Silica Fume
Used in Cementitious Mixtures, (2005).

7. ASTM C 494 Type G Standard Test Method for
Chemical Admixtures for Concrete, (2005).



Seventh International Conference on %
A NANO-TECHNOLOGY IN
; I ERU Ej

AL sl 1d

B CONSTRUCTION

Egyptian -Russian  Izhevsk State

"”““Rigifr‘c‘h"’é"é'm“é?“"“"' 9’-‘““'1@3"&1 La gl il @-L‘"J‘ u"-?‘” sl 1’-’:}"’ aliedad  Uriversity ( rty(fsm)
-2 aakes (NTC 2015)
8. ASTM C 192 Standard Test Method for Making and
Curing Concrete, (2006).
9. ASTM D 1037.

10. Basin news, (2001).

11. BS 882, (1992).

12. BS. 5328 (1981).

13. BS 1881, part 108.111, (1983).

14. BS 1881, part 114, (1983).

15. Composition, Specifications and Conformity Criteria for
Common Cement supersedes , EN 197, (1992).

16. ES 4756, Conformity Evaluation Cement supersedes ,
(2009).

17. Egyptian Specification No. 1349, (1991).

18. Cabrera J. S. and Lynsdale, C. J., A new gas parameter
for measuring the permeability of mortar and concrete,
Mag Concr. Res., 40, 177-182, (1988).

19. -Frybort, S., Mauritz, R., Teischinger, A., and Muller, U.,
2008, Cement bonded composites, A mechanical review,
Bio Resources, 3(2), 602-626, (2008).

20. FFAO, statistical yearbook,
http://www.fao.org/economic/ess/esspublications/ ess-
yearbook/ess-yearbook (2014).

21. Garg, M., Singh, M. and Kumar, R., Some aspects of the
durability of a phosphor gypsum-lime-fly ash binder,
Construction and Building Materials, 10, (4), 273-279,
(1996).

22. Gonen T. and Yazicioglu, S., The influence of
compaction pore on sorptivity and carbonation of
concrete, Constr. Build. Mater, 21, 1040-1045, (2007).

23. 1SO 6275

24. Karade, S. R., Irle, M. and Maher, K., Assessment of

wood cement compatibility: A new Approach.”



Hm_llsia:‘%?rtcirﬁ:"gng?éml sl ué 3‘“” 9;‘9’3& @."“"‘“ u'bm )‘3‘9’4‘ .‘.’3}” nyﬁﬂl:-,l UnlJ:r rty(lsm)
e e T (NTC 2015)

: | Seventh International Conference on %
A NANO-TECHNOLOGY IN a
CONSTRUCTION E U E

i bl S el )

Egyptian -Russian  Izhev kSl le

25,

26.

217,

28.

29.

30.

31.

32,

33.

Holzforschung, 57, 672-680, (2003).

Kasai, Y., Kawamura, M. and Zhou, J. D., Study on
Wood Chip Concrete with Timber”, In V.M. Malhotra
(Ed.), Recent Advances in Concrete Technology:
Proceedings: 4th  CANMT/ACI/CI International
Conference, SP 179, Tokushima, Japan, 905-928, (1998).
McCaffrey, R., Climate Change and the , Industry,
Global Cement and Lime Magazine (Environmental
Special Issue): 15-19, (2002).

Malhotra, V. M., High-Performance High-Volume Fly
Ash Concrete. ACI Concrete International, 24, (7), 1-5,
(2002).

3 Mehta, P. K., Greening of the Concrete Industry for
Sustainable Development”, ACI Concrete International,
24(7): 23-28, (2002).

Morsy, M. 1., Properties of rice straw cementitious
composite,  Department of Civil Engineering and
Geodesy, Darmstadt University of Technology,
Germany, 109 — 115, (2011).

Olorunnisola, A. O. and Adefisan, O. O., Trail
production and testing of cement-bonded particleboard
from ratten furniture waste”, Wood & Fiber Science,
34(1), 116-124, (2002).

Papadakis, V. G., Fardins, M. N. and Veyenas, C. G.,
Hydration and Carbonation of Pozzolanic Cement, ACI
Mater J. Technical Paper 89, 2, (1992).

Pererira, C., Jorge. F. C., Irle, M. and Ferreira, J. M.,
Characterizing the setting of cement when mixed with
cork, blue gum, or maritime pine, grown in Portugal I:
temperature profiles and compatibility indices, J Wood
Sci., 52, 311-317, (2006).

Rossignolo J. A., Agnesini, M. V., Durability of



Seventh International Conference on e
HBRC NANO-TECHNOLOGY IN E U gﬁ?
et S B ) CONSTRUCTION

e
Egyptian -Russian  Izhevsk State
University (ERU) Technic

[ . Sy (& ol b ol ] sl g}yl At university (STU)

Research Center

e (NTC 2015)

polymer-modifid lightweight aggregate concrete, Cem.
Concr. Compos., 26, 375-380, (2004).

34. Tishmack J. K., Peterson J. R., and Flanagan D. C., Use
of coal combustion by-products to reduce soil erosion”,
Proc. Int. Symp. Ash Utilization, University of Kentucky,
October 22-24, Lexington, KN, USA, (2001).



Seventh International Conference on % e
A NANO-TECHNOLOGY IN =/
@ CONSTRUCTION E U gﬁ
Housng & Butang el L) b G| Lo i sl gl iyl UPRESERD) | lecneal®
e (NTC 2015)
—4— Treated —&— Untreated
40 35
35 30
S 30 A s 25
S 25 2 s A
2 = 20
By
3 15 S
< 10 - O 10
5 5
0 0
0O 3 6 9 12 15 18 0O 3 6 9 12 15 18
Rice straw, %o. Rice straw, %0.
2400 8
"E 2200 g
(@)) \o -1
=< 2000 - ° 5
o = | \
‘D <
g1 % € SN
— 1600 = \ \
s wn 2
&
1200 0+ T i
0 3 6 9 121518 0O 3 6 9 12 15 18
Rice straw, %o. Rice straw, %o.

Fig 1: Effect of rice-straw percentage and treatment on: (a) absorption,
(b) porosity, (c) real density and (d) shrinkage of hardened concrete.
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Fig. 2: Effect of rice-strawtreated and untreated percentage on
compressive, tensile and flexural strengths of hardened
concrete
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