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Abstract

This study determined the feasibility of cement-bonded
board (CBB) from agricultural wastes, such as rice stalks,
coconut husks, and bagasse. These agrowastes were prepared in
three different mixtures, i.e., 50%-25%-25%, 25%-50%-25%, and
25%-25%-50% rice stalks, coconut husks, and bagasse. These CBB
mixtures were further mixed with cement-sand mixture in a 50:50
ratio. The products were tested on physical appearance, water
absorption, fire resistance, and compression strength.

Results showed that cement-bonded board (CBB) from
agrowastes in different mixtures was feasible. The different
tests conducted showed that the products were of high quality.

In terms of physical appearance, the products were highly to
moderately smooth and also of highly to moderately superior
finish. The products absorbed water of mean amounts ranging from
20.08% to 30.62% of their actual weights, and resisted water
infiltration of mean amounts ranging from 69.38% to 79.92% of
their actual weights. The products did not show signs of
burning, charring or discoloration due to fire exposure. Lastly,
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the products sustained mean compression loads in one instance

from 31.567 kN to 35.200 kN, and in another instance, from 18.000

rt

o 22.000 kN.

There were no significant differences in the finish and
fire resistance among the CBB products. There were, however,
significant differences in the smoothness, water absorption, and
compression strength among the CBB products.

CBB products from mixture B, which was 25% rice stalks-50%
coconut husks-25% bagasse, proved to be the most superior among
the products, while CBB products from mixture A, which was 50%
rice stalks-25% coconut husks-25% bagasse, proved to be the most
inferior. CBB products from mixture C, which was 25% rice
stalks-25% coconut husks-50% bagasse, was intermediate in quality

between CBB products from mixtures A and B.
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CEMENT=BONDED BOARD FROM AGROWASTES

Chapter 1

Intreduction to the Study
Background of the Study

he plywood industry has become a heavy burden to people of

w income. This is because plywood products seem to have lower
juality than before, despite being expensive. These products are

stifiably expensive because the raw materials are expensive
also. One way of lowering the prices of manufactured products is

find alternative raw materials that are cheap and readily
avalilable, much more waste products that do not have economic
value any more.

'his study considered using agrowastes, which are
relatively useless, and to some extent, pollutants to the
environment, in producing cement-bonded boards as construction
materials. These agrowastes--bagasse, rice stalks, and coconut
husks--were chosen based on their economic significance, source

ocation, and price value. Since all these materials are easy to

find, and does not entail cost at all, the possibility of

producing cheaper CBB is great.

I’ﬂmm:wmzm-w
LIBRARY
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'he pr\\dll\ tion of l‘llil~iif}q materials such as CBH, from
50110 wWOOd evidently caused rapid destruction to our forests and
(.,v\v;t\.dLl§, Our natural resources thUS, CBB from (_'qr,)w(,_,”(,.'

becomes the conservationists’ alternative to CBB from wood

s

)
M
~

Just like plywood, CBB is considered stronger than wood

because it is less likely to split during nailing and shows

little shrinkage and changes in moisture (Popular Science, 1993).

In this study, the independent variable is the different
mixtures of bagasse, rice stalk, and coconut husks, while the
dependent variables are the physical appearance, water
resistance, fire resistance, and compression strength of the CBB
products.

The relationship between the independent and the dependent

variables of the study is presented in Figure 1.

Statement of the Problem and the Hypothesis

This study aimed to determine the feasibility of producing

cement-bonded board (CBB) using agro-wastes, such as bagasse,

rice stalks, and coconut husks mixed accordingly.
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Qualities of cement-ponded board (CBB) from agrowastes

sres in terms of physical appearance, water absorption, fire

tance, and compression strength.
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Cally, it answered the following juestions:
L. Is cement-bonded board (CBB) from agrowastes feasible?
4. What is the quality of CBB products fror
a) ‘,()'/—-'/')l,—?‘,," (b /')'-')(,'-_)',4, and (c¢) 25%-259-50% rice
stalks-coconut husks-bagasse mixtures in terms of (1) physical
appearance, (2) water absorption, (3) fire resistance, and
(4) compression strength?

3. Is there a significant difference among the CBB
products from (a) ')fi'f-'/‘)r.—?"v‘, (b) 25%-50%-25%, and
c) 25%-25%-508% rice stalks-coconut husks-bagasse mixtures in
terms of their (1) physical appearance, (2) water absorption,
(3) fire resistance, and (4) compression strength?

It is hypothesized that there is no significant difference
among the CBB products from (a) 50%-25%-25%, (b) 25%-50%-25%, and

25%-25%-50% rice stalks-coconut husks-bagasse mixtures in

terms of their (1) physical appearance, (2) water absorption,

(3) fire resistance, and (4) compression strength.
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Significance of the Study

The CBB product becomes an excellent product when its
production cost gives in to its quality. The agrowastes that
served as the raw materials to the CBB products have proven that.
With lesser cost of raw materials, and tangible, superior
physical qualities, the CBB product can be as useful and durable
as the other lumber products for construction purposes.

The use of CBB from agrowastes will not only lessen the
financial burden of the majority, it will also lower the demand

for logging, thus saving our forest resources. Ultimately, the

environment will be free from the piling agricultural wastes.
Definition of Terms
Some key terms in this study need definition for the

purpose of achieving understanding and single-mindedness.

[Cement] -Bonded Board (CBB)- is any of the various

construction adhesive, consisting essentiality of powdered
calcified rock and clay materials that form a paste with water

and can be poured to set as a solid mass (Grolier International

Dictionary, 1979).
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N

term meant the produced material from

n thais study, the

he different mixtures of agrowastes and cement.
Agrowastes— are those liquid or solid wastes that result

from agricultural practices, such as cattle manure, crop residue,
izers (McGraw-Hill Dictionary of Scientific

esticides, and fertil

1994 ).

Technical Terms,
the term referred to rice stalksy | eocenut

allG

in Thls study,
husks, and bagasse, which were used as the raw materials.
1S something consisting of diverse elements

ure-—

the term meant the proportion of rice

In this study,
stalks, coconut husks, and bagasse, i.e., 50%-25%-25%,
25%-50%-25%, and 25%-25%-50%, respectively.

[Physical] Appearance- relates to nature or laws of
ture; relating to material things, not mental or spiritual (The

rriam Webster Dictionary, 1994).
the term referred to the gquality of the

)

In this study,
CBB product in terms of surface smoothness and finish.

Resistance— is the act or the capacity to resist or any

e that tends to oppose or retard motion (Grolier

International Dictionary, 1994).
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Nis study, the term referred to the ability of the

- O resist being easily infiltrated by water and consumed

+®. 1€ product should have minimal water absorption of

han 10%

iln order to be of Superior water resistance. It

d also hav ini 1 : ] ;
1 - have a minimal charring and discoloration due to heat

in ord

€r to be of superior heat resistance.

L-ompression] Strength- is a maximum stress a material,

Tecte to -~ ~h 1 . . . }
ected towa Stretching load, can withstand without tiring

raw—-Hill

Dictionary of Scientific and Technical Terms, 1994).

in this study, the term referred to the maximum compression

ad in

in kiloNewtons that the product can withstand.

Scope and Delimitation of the Study

This study aimed to determine the feasibility of producing

om agrowastes was conceptualized by the researcher and his
riends in the early part of August 1999. The raw materials were
thered from Duefias, Passi City and Cebu City. The production
stage was initiated at the Philippine Science High School Western
sayas last October and November 1999, and completed at the
researcher’s home in Cebu City last December 1999. The products

re ready for the testing stage by the first week of January
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Agrowastes, such as bagasse, rice stalks, and coconut husxs
were considered as raw materials in the production of CBB. The
guality of the products were tested in terms of smoothness and
finish, water resistance, fire resistance, and compression
strength. Testing for smoothness and finish were done through a
survey of ten jurors, composed of six students and four teachers.
Testings for water absorption and fire resistance were done by
the researcher with the help of some friends, while the test for
compression strength was done at the construction laboratory of
the Prestress International Corporation in Pavia, Iloilo. The
products were treated with commercial anti-termite solution for
its termite-proofing capability. This study did not aim to

compare the CBB products with commercial ones.
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Wood has been widely used as building and engineerir
terial because of its advantages over other materials. IT 1s

re economical, requires lower processing energy, and is
ronger. iowever, recent studies showed that the suppl .
especlally from the tropical rain forest has beer jeciine at
r average of 2 a ear ‘Jalmayor, 1986). This result

several problems such as ecological imbalance, soil erosions, a
f ods, among others. Another major problem is the dwindli
supply of traditionally wood species for housing and building
nstructions (Philippine Technology Journal, 1995).
Wood is the world’s great utilitarian building material.
here are probably more structures made of wood than of ar the

material. It takes many respects in ideal building material for

light construction. It is relatively inexpensive and still
plentiful in many parts of the world. Unlike masonry, wood

tension and other natural forces.

is light yet strong, making it efficient structural material-

beams made of wood can span wide spaces. Also, wood is easily

worked and is a good insulator. But it does have certain
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disadvantages. Wood burns rapidly in fire and is susceptible to
rotting and insect infestations. It also shrinks and swells in
changes with moisture.

There are two kinds of wood: soft wood, which comes from
cone-bearing trees such as spines, spruce, and firs; and
hardwood, which comes from broad-leaf trees such as maple, oak,
and poplar. These kinds of wood are frequently used in
construction. A truly hardwood, oak is used for floors, stair
treads, doorsills, and other places that are subject to heavy
wear. Wood is also used in construction as sawed into standard
sizes of lumber. Next, the lumber is planed smooth and its size
reduced. A standard “two by four” is 2 inches (5 cm) thick and 4
inches (10 cm) wide when it comes from the saw but measures only
15 inches (8.9 cm) wide after it has been planed. Other products
such as logs, which are used to make construction lumbers, are
simply sawn down the length of the log. Other methods of sawing
that improves the beauty of the grain pattern are used for wood
that will be seen, as in paneling and furniture. But before
wood can be used in constructions, It would gradually pull out
nails or distort shapes. The traditional method of drying wood
was to stack the wood so that air could reach all the sides of
the boards. Depending on the type of wood and the size of the

boards, air-drying can take a month or several years. Today most




PHILIPPINE SCIENCE HIGH SCHOOL WESTERN VISAYAS

Dofia Lawaan H. Lopez Campus
lloilo City

33

of the woods are dried in kilns. 1In this process, the time of
drying is reduced from months to days (Popular Science, 1994).

There is storage of lumber and plywood supplies in the
industrial construction all over the country. Based on the
Medium-Term Philippine Development Plan, (in Philippine
Technology Journal, 1995), the housing is estimated at around 3.4
mil. units for the country on an increasing yearly increment of
nearly 15%.

The ever-increasing demand for construction materials and
the dwindling supply of wood is one of the factors for the
housing backlog experienced by the country today. From 1993 to
1998, the National Housing Authority (NHA) estimates from 1993 to
1998 a total housing need of about 3.85 million units, with an
annual housing requirements of 642,224 units (NHA, 1993 in
Philippine Technology Journal, 1995).

To help alleviate the problems being encountered by the
construction industry, particularly the low and middle-income
group planning to put up a decent house, the Forest Products
Research and Development Institute (FPRDI) developed a new

construction material, the cement-bonded board (CBB). CBB is

made of wood excelsior flakes and press to form a board of

desired thickness and density. It is an economical material that

appears to be suitable for the Philippine climate. It has the
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essential properties to withstand earthquakes, typhoons, and high
humidity temperatures. The panel product is technically proven
to be water=, weather-, fire-, termite-, fungi-, and rot-
resistant. It also possesses excellent insulating properties.

It can be a good substitute for concrete hollow blocks and is

cheaper than the conventional construction materials. It is also

production of cheap but durable composite panels thereby
decreasing our demand for wood-based construction materials.
Tapping these wastes would not only solve the housing problems
but would also help in the environmental efforts at the
government and the private sectors. BAmong recent studies by the

RDI showed that the agricultural wastes such as coconut husks,

1
o

tobacco stalks and others, could be a potential raw material for
the production of cement-bonded boards. An agricultural residue
such as sugarcane bagasse is also ligno-cellulosic in nature and

can be used for the production of cement-bonded boards or panels

(Philippine Technology Journal, 1995).
Sugarcane is a total tropical grass with a solid pointed

stalk rich in sugar. In CY 1990 to 1991 abeoUtsll #29/1042:000

metric tons of sugarcane was produced in the Philippines. This

resulted into about 5,801,407 metric tons of sugarcane bagasse,

a
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; ©+ WRLCh 1s used a fuel and the surplus is normal
inclperated or brought backisc il field to decay. When used as
fuel, tChe of this material 1s very low A considerable
amount of bagasse (25-30 1s discharged as surplus (Philippine
Technology Journal, 1995).

Cement-bonded technology makes possible the utilization of
thé Wood wastes and some agricultural residues for board
manufactures Sugarcane bagasse as a promising material for
cement-bonded board manufactured was considered as possible

production of cement-bonded board will surely reduce the housing
problem besetting the country. The availlability of the durable
panel product for low-cost housing will help solve the housing
packlog especially for the urban poor and in the rural areas.
Utilization of these untapped biomaterials will be beneficial to
the industry in the country in general

Phili ppine Technolegy Journal, 1993).
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Chapter 3

Research Design and Methodology

_— : ,
his study aimed to determine the feasibility of producing

cement-bonded board (cBB) using agro-wastes, such as bagasse,

rice stalks, and coconut husks mixed accordingly.

Specifically, it determined if cement-bonded board (CBB)

from agrowastes is feasible or not. It also determined the

quality of CBB products from S50%-25%-258%) 25%-50%-25%, and

58-25%8=60%

N

rice stalks-coconut husks-bagasse mixtures in terms
physical appearance, water absorption, fire resistance, and
compression strength. It further determined the difference among
the CBB products from the different mixtures in terms of their
physical appearance, water absorption, fire resistance, and
compression strength.

It was hypothesized that there is no significant difference
among the CBB products from the different rice stalks-coconut
husks-bagasse mixtures in terms of their physical appearance,

water absorption, fire resistance, and compression strength.
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Methodology

The whole process of producing cement-bonded board (CBB)
involved the following methods: material preparation and initial
termite-treatment |, weighing and mixing of agrowastes, weighing
and mixing of CBB components, preparation of the CBB casting
mold, forming, curing and final termite-treating, and finally,

testing.

Materials and Equipment

In this study, the following materials were used: rice
stalks, bagasse, coconut husks, cement and sand, abaca rope, and
anti-termite solution. The angle bars, flat bars, mild steel

plates, screws and bolts were used to form the casting mould.

Methods
Standard methods of CBB production were followed. The
different processes involved were as discussed.

Material Preparation. The commercial anti-termite solution

was prepared based on its label instruction. The rice stalks,
coconut husks, bagasse, and abaca ropes were then soaked
separately in the solution for 48 hours for the initial termite-

treatment. The agrowastes were then cut into l-inch length and
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iried at ambient conditions to reduce moisture.

The cement and sand mixture was prepared in an 80:20 ratio.

Preparation of the CBB casting mold. The CBB casting mold

was prepared by a competent person. Four pieces of 1-inch angle

bars 12" in length were cut to serve as the perimeter frames of

the mould. A mild steel plate measuring 1/4” x 14" x 14” was
also cut to serve as the base. Another mild steel plate

measuring 1/4” x 12%49882%snas also cut to serve as the cover.

The angle bars were then drilled with holes with a diameter of
1/8 inch and were 1/2 inch away from the base of each angle bar.

center of one hole was 1 inch away from the center of the

next. These holes will serve as guide holes for the abacca rope.

Using a screw with a diameter of 1/4", the angle bars were

assembled. The assembled angle bars were then drilled with 1/4"

hole and fixed to the base using 1/4” screw. Four pieces of 2-

inch flat bars were formed into 2 brackets with a 1/4 ™ hole on
top. The two brackets were welded to the base of the mold. A
1/4” bolt was fitted each into the holes of the brackets.

Appendix A shows the mold specifications.
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Weighing and Mixing of Agrowastes. The three mixtures were

prepared by weighing the agrowastes according to the following
proportions: mixture A consisted of 50% rice stalks, 25% coconut
husks, and 25% bagasse; mixture B consisted of 25% rice stalks,
50% coconut husks, and 25% bagasse; mixture C consisted of 25%

rice stalks, 25% coconut husks, and 50% bagasse.

Weighing and Mixing of CBB Components. The different CBB

mixtures namely, A (50%-25%-25% rice stalks—-coconut husks-

asse), B (25%-50%-25% rice stalks-coconut husks-bagasse), and

2

0acC

(e

C (25%-25%-50% rice stalks-coconut husks-bagasse) and cement-sand
mixture were weighed according to their exact proeportiensjad . &x;
50% agrowastes mixture and 50% cement-sand mixture.

These were mixed thoroughly for five minutes.

Forming the CBB. The base of the mold was covered with

plastic. Using the guide holes in the angle bars, the abacca
rope was woven horizontally, and then, vertically, into a net.

The net served as the inner framework of the product to ensure

111

its strength. The frame was placed over the base and the CBB

mixture was spread evenly unto the casting mold. The steel cover

was placed over the frame and clamped using the bracket bolts.

PHILIPFINE SCIENCE HS-WV
LIBRARY
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After 24 . y -~
hours, the ¢ lamp was released, and the product was

taken from the mold.

4 C

Curing o y O "
0g of the CBB. The products were cured for seven days

in an "n\r\:'y\ - el . 5
n ar Lmprovised pond (glass aquarium) with commercial anti-

mite solution. Thie r :
haitc i Chis process was done for the curing and the

inal anti-termite treating of the products

sting

Re fore > = . Rk - 5
Before the l-square foot CBB product in each mixture was

ibjected to the different testings, it was divided into eight

1a ] >arts 2acC as 1 " - : .
ual parts, each measuring 3" x 6. Three pieces were used for

» ™Mh
€ | S8

'sical appearance (smoothness and finish) test. After

“

1s, the three pieces were subjected to water absorption test

I

three other pieces were subjected to fire resistance test.

he pieces that were subjected to both water absorption and fire

ibrication shop supervisor.

sistance tests were further subjected to compression test.

Physical Appearance. The researcher devised the jury

o &

ating and grade scales for the smoothness and finish tests,

~h were validated by three persons: two engineers and one

The products were then rated by ten

ed of six students and four teachers, in terms of
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surface smoothness and finish. The product was rated 1, when the

surface of the product is highly rough and product is of highly

inferior finish; 2, when Moderately rough and moderately inferior

finish; 3, when fairly Smooth and fairly superior finish; 4, when

moderately smooth and moderately superior finish; and 5, when

highly smooth and highly Superior finish. The mean scores were

taken and the products were graded accordingly.

For the Smoothness test, the following grade scale was

1sed: Mean Description
4.00 - 5.00 Highly smooth
3.00 - 3.99 Moderately smooth
200 =2 99 Fairly smooth
1.00 - 1.99 Moderately rough
0 - 0.99 . Highly rough

For the Finish test, the following grade scale was used:

Mean Description
4.00 - 5.00 Highly superior finish
3.00 - 3.99 Moderately superior finish
2.00 - 2.99 Fairly superior
1.00 - 199 Moderately inferior finish
0+ 0.99 Highly inferior finish

Water Absorption. The products were initially weighed and

then socaked in water for 12 hours. After 12 hours, they were

wiped dry and weighed for the second time in order to determine

the weight of the water absorbed by each product. The weight of
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the water absorbed was taken as the difference between the final

weight and the initia] weight of each product. The percentage of
water absorbed by each Product

was calculated as:

final weight -
of water absorbed

%x 100
initial weight

The water resistance of the product was determined by the
amount of water (in %) that was not absorbed.
The most resistant and the least resistant to water
infiltration among the products was determined.

Fire Resistance. The products were placed in an oven and

heated to 100° C for 12 hours, after which they were examined and

rated for signs and/or degree of burning, charring, or

discoloration. They were then placed in an open fire in a gas

stove for 30 minutes. The products were rated as 1, when 10% or
less of the product was burned, charred, or discolored; 2, when
29%; 3, when 26%-50%; 4 when 51%-75%, and 5, when 76%-100%.

The most resistant and the least resistant to fire

des

truction among the products were determined.

T
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Vertical com ression Strength. Pieces of CBB products

measuring NEor ee subjected to compression testing using a
compression machine at the construction laboratory of the
Prestress I§ternational Corporation in Pavia, Iloilo. The amount
of pressure in kiloNewtons that each product can vertically
sustain before breaking was considered its compression strength.
The most resilient ang the least resilient to compression

pressure among the products were determined.

Statistical Data Analysis

In treating the data gathered from this study, the mean and
the standard deviation were used as descriptive statistical
tools. The mean was used to determine the average scores of the
CBB products in the different tests. The Multiple Analysis of

Variance (MANOVA), set at 0.05 alpha level of significance, was

used as inferential statistical tool. Et was used to determine

the significant difference in the smoothness and finish, water

absorption, fire resistance, and compression strength among the

CBB products of the three agrowaste mixtures. The Scheffe test,

also set at 0.05 alpha level, was used as post hoc multiple

comparison test.




PHILIPPINE SCIENCE HIGH SCHOOL WESTERN VISAYAS

Dofia Lawaan H. Lopez Campus
lloilo City

N
N

In order to determine which among the three mixtures o
agrowastes (A- 50% rice Stalks-25% coconut husks-25 bagasse;
B- 25% rice stalks-50% Coconut husks-25% bagasse; and C- 25% rice
stalks-25% coconut husks-50% bagasse) produced the most superior
CBB product, each mixture was given ranking points for all the
testing adticlva il d r uEhea mixture ranked first, 2 if the mixture

ranked second, and 3 if the mixture ranked third.

Cost Analysis

In determining cost of the CBB product, the cost of each
component materials was considered. The cost of the product per

square foot was then determined.
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Chapter 4

Results

This study aimed to determine the feasibility of producing
cement-bonded board (CBB) using agro-wastes, such as bagasse,
rice stalks, and coconut husks mixed accordingly.

Specifically, it determined if cement-bonded board (CBB)
from agrowastes is feasible or not. It also determined the
guality of CBB products from 50%-25%-25%, 25%-50%-25%, and

25%-25%-50% rice stalks-coconut husks-bagasse mixtures in terms

(0]
Hh

physical appearance, water absorption, fire resistance, and
compression strength. It further determined the difference among
the CBB products from the different mixtures in terms of their
physical appearance, water absorption, fire resistance, and
compression strength.

It was hypothesized that there is no significant difference
among the CBB products from the different rice stalks-coconut
husks-bagasse mixtures in terms of their physical appearance,

water absorption, fire resistance, and compression strength.
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Feasibility of producing cement-bonded board using agrowastes

This study was able to Successfully produce CBB from

24

agrowastes in three different mixtures (50% rice stalks-25%
coconut husks-25% bagasse; 254 rice stalks-50% coconut husks-25%
bagasse; 25% rice stalks-254 coconut husks-50% bagasse;).

These products were likewise subjected to the different
tests of their quality, hamely the physical appearance that
included smoothness and finish test, water absorption, fire

resistance, and compression strength.

Physical appearance of the CBB products. 1In determining

the smoothness and finish of the CBB products, the following
rating scale was used: 1, when the surface of the product is
highly rough and product is of highly inferior finish; 2, when
moderately rough and moderately inferior finish; 3, when fairly
smooth and fairly superior finish; 4, when moderately smooth and
moderately superior finish; and 5, when highly smooth and highly
Superior finish.

In the survey made with 10 jurors composed of six students
and four teachers, the CBB products from Mixture A (50% rice
Stalks-25% coconut husks-25% bagasse) and B (25% rice stalks-50%

i ile th
Soconut husks-25% bagasse) were rated highly smooth, while the
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CBB products from Mixture C (25% rice stalks-25% coconut husks-
50% bagasse) were rated only moderately smooth. Among the CBB
products, the products from Mixture A had the highest mean (4.50)
while the products from Mixture C had the lowest mean (3.30).
Table 1 shows the data.
In the same survey, the CBB products from Mixture B
(25% rice stalks-50% coconut husks-25% bagasse) and C (25% rice
stalks—-25% coconut husks-50% bagasse) were rated highly superior
finish, while the products from Mixture A (50% rice stalks-25%
coconut husks-25% bagasse) were rated only moderately superior.

Among the CBB products, the products from Mixture B had the

highest mean (4.80) and the products from Mixture A had the

lowest (3.70).
Table 1 shows the data.

Based on the data presented in the findings, CBB products

from mixtures A and B, and from mixture C, were highly smooth and

moderately smooth, respectively. Among the products, the ones

from mixture A were the most superior (mean score of 4.50) as far

as the smoothness test is concerned, and the ones from mixture C

were the least superior (mean score of 3.30).
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Table 1

Means of scores and values of the different CBB product mixtures
for ce

water absorption, fire resistance
==y Water ab: ption,

the physical appearan £
and compression st rength

Tesl CBB Product N Mean S.D. Description
Smoothness Product A 10 450 71 Highly smooth
Product B 10 430 67 Highly smooth
Product C 10 330 82 Moderately smooth
Finish Product A 10 370 95  Moderately superior
Product B 10 480 42 Highly superior
Product C 10 4.00 B2 Highly superior
Waler absorption Product A 3 18767 1570 Intermediale resistance
(%) Product B 3 15067 603 Highest resistance
Product C 3 22967 2413  Lowes! resistance
Fire resistance Product A 3 1.00 00  High resistance
Product B 3 1.00 00  High resistance
Product C 3

1.00 00  High resistance
Compression, after
waler absorption lest Product A

3 31.567 802 Lowest strength
(kN) Product B 3 35200 819 Highest strength
Product C 3 32000 954 Intlermediate strength
Compression, after
Fire resistance test Product A 3 18000 100 Lower strength
(kN) Product B 3 18000 100 Lower strength
Product C 3

22000 100 Higher strangth
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In the finish
Sh test, Products from mixtures B and C were

considered highly Superior wWhile the one from mixture A was

moderately superior.

superior (mean score of only 3.70)

Water Absorption of the CBB products. The CBB products

from Mixture A (50% rice Stalk-25% coconut husks-25% bagasse)

absorbed a mean amount of water which was equivalent to 25.02% of
their total weights; B (25% rice stalk-50% coconut husks-
25%bagasse), absorbed water which was equivalent to 20.08% of
their weights; and C (25% rice stalk-25% coconut husks-50%
bagasse) absorbed 30.62% of their weights.

The CBB products from Mixture C showed the highest water
absorption (30.62%) and lowest water resistance (69.38%), while
those from Mixture B had the lowest water absorption (20.08%) andg

highest water resistance (79.92%) .

Table 2 shows the data.

Water absorption and resistance of the CBB products. In

the water absorption test, the products from mixture B absorbed a

Mean amount of water which was only 20.08% of their own weights,
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Table 2
Water absorption (and resistance tests) of the CBB products
' . BT A )
‘ . 1 'alzq’“""“ Initial Mean Mean % % Description
| Product | (nice stalks, coconut husks, | Weight | Fing Weight | water waler Of Relative
| bagasse) rams) | Weight | of Water | absorbed | resisted Water Resistance
| 5 _(grams) | (grams)
:
| A 50%-25%-25% 750 93767 | 18767 | 2502 7498 | Intermediate resistance
| -
| B 25%-50%-25% 750 | 90067 | 15067 | 2008 79.92 Highest resistance
C | 25%-25%-50% 750 | 97967 | 22967 | 3062 6938 Lowest resistance

thus, they showed the greatest resistance (79.92%) to water

infiltration. The products from mixture C absorbed a mean amount

of water that was 30.62% of their own weights, thus they showed

the least resistance (69.38%) to water infiltrations

Fire resistance of the CBB products. In rating the

products for fire resistance, the following scale was used: 1,
when 10% or less of the product was burned, charred, or

discolored; 2, when 11%-25%; 3, when 26%-50%; 4 when 51%-75%, and




UCLs showed n
ved MO signs of durning, Charring, or
ation. By inspection 1
Pection r all the Products were rated 1,
ive of 108 or -
r less Surning, Charrin

Oor discoloration.

oCducts even Oecame whiter and
- £ . - * -
alter this test Was conductegd
£-EC0UCts showed the Same results for the fire
nce test.
‘€ 1 shows the data

- Two sets of CBB

Strength testing. The first set
°L three products from each mixture that underwent

Second set, of three products from

€ underwent fire testing.

ng the products that underwent absorption testing, the

The CBB products from mixture A yielded to a mean

31.567 kiloNewtons while the products from

yielded to 35.200 kiloNewstons. Products from mixture

© 32.000 kiloNewtons.

acle 1 shows the data.
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The compression tests showed that the products from mixture
B yielded to a greater mean Compression force (35.200 kN), thus,

they were the ones with the greatest compression strength. The

products from mixture A vielded to a smaller mean compression

force (31.567 kN), thus, they were the ones with the least

compression strength.

Among the products that underwent fire testing, the

following was the result: CBB products from mizture A and B

yielded to a mean maximum load of 18.000 kiloNewtons. Products

from mixture C yielded to 22 kiloNewtons.

Table 1 shows the data.

The compression test showed that the products from mixture

C yielded to a greater mean compression force (22.000 kN), thus,

they were the ones with the greater compression strength. The

products from mixtures A and B yielded to a lower mean
compression force (18.000 kN), thus, they were the ones with the

lesser compression strength.

Differences in the physical appearance of the CBB products

:
The Multiple ANOVA showed that there was no significant

difference in the scores of the finish test among the CBB
Products from the different mixtures, as reflected by

F(2) = .272; s
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Table 3 shows the data.
There was, however, a significant difference in the scores

of the smoothness test SMBNgthed@BB products from different
mixtures, as reflected by F(2) = <011, .p, ‘< .05.

Table 3 shows the data.

and C, and products from mixtures B and C.

Table 4 shows the data.

Differences in the water absorption of the CBB products

The Multiple ANOVA showed that there was a significant
difference in the water absorption Ccapacity among the CBB
products from different mixtures, as reflected by
F(2) = .004, p, < .05,

Table 3 shows the data.

The Scheffe test showed that the mean difference in water

absorption was significant between the products from mixtures B

. ~
Al .

Table 4 shows the data.




5 7/
Table 3
Multiple Analysis of Variance of the significan differences in the physical arance, waler absorption, fire

—

Source Dependent Variableg Sumsof g Mean F Significance
Squares Square

CBB Products Smoothness 4667 2 2.333 10.5000 0N
Finish 2667 2 1.333 2.4000 A71
Waler Absorption 9374000 2 4687.000  4687.0000 004
Compression
(after water 21029 2 10.514 14.187 005
absorption)
Compression
(after fire 32000 2 16.000 16.000 004
resistance)




whefie 1es! as post hoo W,%AVJ

or Muttipie ANOVA in Table 3

Cattegory Mean Diflerence  Sigriicance
moothness Product A Product B 0 (17,
Product 6r 014
Product B Product ( 1333 037
Wale: absorplior Product A Product B 37 000 s
Product ( 42 000 062
Product B Product ( S 000" D04
Mer wale Froduct A Product B 330 oo
eornko Product ( 103 R
Mroduct B Product ( 2 800 028
Hiar fre Product A Product B 000 1000
t 08 “Y(l’ll(‘ 4“11‘ (n(
Product B Product ( 4 000" 008

warn diference s significant al the 0 0% vl
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“rom tlle, (j. erent m' ;
l)\tures k[ad the sam

Table 1 shows the datga,

Dif 1 :
DIferences in the compression strength (after the water
absorption test) of the cpp roducts

The Multiple ANOVA showed that there was a significant

difference in the compression strength among the CBB products
from different mixtures that have undergone the water absorption
test, asi reflected by B2)8= 10055 Pl 05

Table 2 shows the data.

The Scheffe test showed that the mean differences in this
compression testing were significant between the products from
mixtures A and B, and products from mixtures Bwand «€.

Table 4 shows the data.

Differences in the compression strength (after the fire

resistance test) of the CBB products

The Multiple ANOVA showed that there was a significant

difference in the compression strength among the CBB products,

reflected by F(2) = .004, p, < .05.




Table 3 shows the datg
The Scheffe test
ces in this
ompression test] ; : "

ompr S esting were 51gn1£1cant between the products fre

mixtures A and ¢

-

and Products from mixtures B and C.

Table 4 shows the dat

(=] :
SUITIANY 0l Sestin results. 1pn order to determine which

among the three Mixtures of agrowastes (A- 50% rice stalks-25%

coconut husks-25¢ bagasse; p-

| ") :
25% rice Stalks-50% coconut husks-

25% bagasse; and C- 254 rice stalks-25¢% Coconut husks-50%

pagasse) produced the most Superior CBp Product, each mixture was

given ranking points for all the testing, i.e., 1 if the mixture

ranked first, 2 if the mixture ranked Second, and 3 if the

mixture ranked third.

In the smoothness test, -the pProduct from mixture A ranked

1, the one from mixture B ranked 2, and the one from mixture

ranked 3. 1In the finish test, the product from mixture B ranked
1, the one from mixture cC ranked 2, and the one from mixture 2

Urle A

ranked 3. In the water absorption test, the product from mixt

Qinl MilXTure

B ranked 1, the one from mixture A ranked 2, and the one from
mixture C ranked 3. 1In the fire resistance test, all the
Products got the same rating, thus a rank of 2. In the

Compression strength test after the water absorption test, the
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Table 5 shows the data.

IS4S

In determining cost of the CBp product

y -
omponent material was considered. The cost of the
square foot was then determined. The total producti

P 123.80. This was divided by 3, which was the number

l1-square foot CBB products, and the cost of a square foot CBB

product was determined to be P 41.30.

Table 6 shows the data.
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2% of the GBB products
e -
Quantity  Unit Materials Unit Cost i ProaAclL{ai e
(l'\ WQ)S) (n m) (m m)
3 Kilograms Cement 5.00 15.00 15,00
240 Milliliters Lentrex® 160.00 160.00 80.00
18 Meters Abaca rope 1.60 28.80 28.80
TOTAL 12380
Number of 1 square fool CBB Products 3

cOST PER SQUARE FOOT CBB PRODUCT P 41.30
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Chapter 5

1UsSlons, and Recommendations

mh 1 + 114 y : 4 > A
This study aimed tc¢ determine the feasibilityv of prod are
S ity f roducing

ement-bonded board (CBB) using agrowastes, such as bagasse, r
stalks, and coconut husks mixed accordingly.
Specifically, it answered the following questions:
Is cement-bonded board (CBB) from agrowastes feasible:

What is the quality of CBB products from

) 50%-25%-25%, (b) 25%-50%-25%, and (c) 25%-25%-50% rice

a

(1 sl B
pn s )

alks-coconut husks-bagasse mixtures in terms of D

ot .
5 L

appearance, (2) water absorption, (3) fire resistance, and

4) compression strength?

3. Is there a significant difference among the CBB

8, (b) 25%-50%-25%, and

w

products from (a) 50%-25%-2

259%-25%-50% rice stalks-coconut husks-bagasse mixtures in

terms of their (1) physical appearance, (2) water absorption,

3) fire resistance, and (4) compression strength?

It was hypothesized that there is no significant difference

among the CBB products from (a) 509-258=25%; (b) 25%-30%-25%, and

(c) 25%-25%-50% rice stalks-coconut husks-bagasse mixtures in

(2) water absorption,

&

terms of their (1) physical appearance,

}) fire resistance, and (4) compression strength.
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1. The study was able tq Successfully produce CBB from

agrowastes 1n three different mixtures (50% rice stalks-25%
coconut husks-25% bagasse; 25% rice Stalks-50% coconut husks-25%

bagasse; 25% rice stalks-25% Coconut husks-50% bagasse;)

tests of their quality, Namely the physical appearance that
included smoothness and finjish test, water absorption, fire
resistance, and compression Strength. Based on these tests, the
most superior CBB product mixture was mixture B (25%-50%-25% rice
stalks-coconut husks-bagasse), and the least superior was mixture
A (50%-25%-25% rice stalks-coconut husks-bagasse) .

The cost of a square foot CBB Product was determined to be
P 41.30.

2.1. In terms of physical appearance, CBB products from

mixtures A and B, and from mixture C, were highly smooth and
moderately smooth, respectively. Among the products, the ones

from mixture A were the most superior as far as the smoothness

test is concerned, and the ones from mixture C were the least

Superior.

B e
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CBB products from Mixtureg B and ¢ were considered highly
superior in finish whijje the oneg from mixture A were moderately

CBB products from
rixture A (50% rice stalk-zsg Coconut husks-254 bagasse) absorbed
a mean amount of water €quivalent 0125, 02'% of their total
weights; B (25% rice stalk-509

Coconut husks—ZS%bagasse),

ey
absor

bed water which was €quivalent to 20.08% of their weights;

(25% rice stalk-25%

Q
Q

coconut husks-50% bagasse) absorbed

2.3. In terms of fire resistance, all products showed no

signs of burning, charring, or discoloration. By inspection, all

the products were rated it descriptive of 10% or less burning,

harring, or discoloration. Due to oven heating, the products

even

Oecame whiter and smoother after this test was conducted.

11 products showed the same results for the fire
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2.4. In terms of compression Strength of CBB products that
ad undergone water absorption testing, GBE from mixture A
ijelded TO a mean maximm load of 31.567 kila ewtons while the
Y ~ts from mixture B yielded to 35.200 kiloNewstons. Products
from mixture C ylelded to 32.000 kiloNewtons.

The coEpression tests showed that
3 yieloed to a greater mean compression force, thus, they were
+he ones with the greatest compression strength. The products
from mixture R yielded to a smaller mean compression force,
chus, they were the ones with the least compression strength.

In terms of compression strength of CBB products that
nderwent fire resistance testing, CBB products from mixture A
and B vielded toc a mean maximum load of 18.000 kiloNewtons.
sroducts from mixture C yielded to 22 kiloNewtons.

The compression test showed that the products from mixture
- vielded to a greater mean compression force, thus, they were
the cnes with the greater compression strengta. The products
from mixtures A and B yielded to a lower mean compression force,
thus, they were the ones with the lesser compression stronghbs

2 < : +ni ficant difference 11 the

3.1. There was no sSighii L™
TNaracteristic finish among tne CBB products from the different
- : i Ficant differences in the |

r nowever, signific

Atures There were, DO
m different

aracteristic smoothness among ™
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‘wtures, between the
products from mixtures A and C in favor of

Mixture A and produc 5
1 ' B Cts from mixtures B and C in favor of Mizt
LXcure

3.2. There w i ifi
as a significant difference in the water

_heorption capacit
¢ : P y between the products from mixtures B and C in

or of Mixture B.

fFav
a vk

3.3 There was no significant difference in the fire

esistance of the CBB products from the different mixtures

3.4. There were significant differences in the compression

<trength among the CBB products from different mixtures that have

undergone the water absorption test between the products from

. .+ures B and C in favor of Mixture B.

There was also a significant difference in the compression

th among the CBB products that have undergone water

streng

ance test between the products from mixtures A and C in

reslst

favor of Mixture C, and products from mixtures B and C in favor

avuol A

of Mixture C.
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The
were thoroughly Presented ang analyzed
< .

1. Cement-bonde ;
ed boarg (CBB) from agrowastes such as rice

stalks, coconut husks, and bagas

-

feasible. The different tests conducted upon the products sh d
showe

that they were of high quality,

Based on these tests, the most superior CBB product mixt
ure

was mixture B (25%-50%-254

rice stalks—coconut husks—bagasse),
ind the least superior was mixture A (50%-25%-25% rice stalk

s-

coconut husks-bagasse). CBB products from mixture ¢

|

which was
25% rice stalks-25% coconut husks=-50% bagasse, was intermediate
in quality between CBB products from mixtures a and B.

The cost of a square foot CBB product was determined to be
P 41,302

2. In terms of physical appearance, the products were
highly to moderately smooth, and also of highly to moderately
superior finish. The products absorbed water of amounts ranging
from 20.08% to 30.62% of their actual weights, and resisted water

infiltration of amounts ranging from 69.38% to 79.92% of their

4Ctual weights. The products did not show signs of burning,
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-harring or discoloration due tgq fire destruction

3. There were no significant difference in the scores of

the finist

n and fire resistance tests among the cpp products.

~here were, however, Significant differences in the scores and

ies of the smoothness test,

valt

water absorption Capacity, and

compression strength among the cpp Products,
Recommendations

The researchers recommend the use of CBB from agrowastes
due to its good qualities.

The researchersh given another chance,

also wish to improve

the testings done to the CBB products, as:

First, the products be compared with a commercial CBB in

terms of physical appearance, water and fire resistance test, and

the test for tensile strength;

long with the comparison with commercial CBB, jury ratings

Or smooth

Ness and finish be further validated and properly

~~~~~ dardized;
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