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ABSTRACT
 

The United States Agency for International Development, spon
sored a four-year research program to develop low cost roofing

from indigenous materials in three developing nations (Philip
pines, Jamaica, and Ghana). In Phase I, resources were surveyed,

and collaborating individuals and organizations defined. In

Phase II, experimental roofing composite materials systems were

developed and optimized. In Phase III, demonstrations of the
 
roofing manufacture were conducted and experimental roofs in
stalled.
 

Four composite panel roofing material systems were developed

which utilize major percentages of indigenous bagasse filler,

and minor amounts of phenolic or other resin binder. Three of
 
the four processes use an intensive (Banbury) mixer. All four

have compression molding as a final process step in panel fabri
cation. The products range in raw material cost from 6-14€ per

square foot of roofing panel, depending on composition, resin
 
content, etc.
 

The program was implemented in the three participating countries
 
through advisory committees and technical working groups. In
country, small-scale experimental work was initiated early, and
 
continued throughout. Technology was transferred on both an
 
organizational and person-to-person basis.
 

Local labor, materials, and 2acilities were utilized to demon
strate manufacture of roofing, by one or more processes, in the

Philippines, Jamaica, and Ghana. 
 Roofs were installed on houses
 
in the Philippines, Jamaica, and Ghana.
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1. INTRODUCTION
 

The United States Agency for International Development, sponsored
 
a four-year research program to develop low cost roofing from
 
indigenous materials in three developing nations (Philippines,

Jamaica, and Ghana). In Phase I, resources were surveyed, and

collaborating individuals and organizations defined. 
 In Phase II,

experimental roofing composite materials systems were developed

and optimized. In Phase III, demonstrations of the roofing manu
facture were conducted and experimental roofs installed.
 

Adequate housing of citizens is essential in all countries.
 
However, with the more limited economies in developing nations,
 
it is necessary to reduce material and construction costs to
 
provide shelter of adequate quality and quantity. This is
 
especially true if the materials require foreign exchange. 
 In
 
housing, a roof is one 
of the key and most costly elements of
 
construction. Consequently, the roof is a prime target for
 
cost reduction and performance upgrading.
 

Following the floods in Bangladesh in 1972, which destroyed
 
thousands of homes, the United Nations appealed for a program
 
of research and development to provide improvements in the cost
 
and performance of roofing. In response to the UN appeal, a
 
special study of the roofing problem was conducted by the U.S.
 
National Academies of Science and Engineering. The study
 
group recommended the implementation of a specific roofing
 
research project, with emphasis on composites consisting of
 
low cost indigenous fillers and polymeric binders (Ref. 1).
 

In May 1973* the United States Agency for International Develop
ment, sponsored a four-year research and development effort with
 
Monsanto Research Corporation. The objective was 
to provide a
 
key ingredient for developing-country roofing that could maximize
 
utilization of local natural resources, surplus madpower, and
 
limited manufacturing capabilities in producing a better and
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cheaper product than is now available. The research results
 
were to be directed toward meeting low cost housing needs, im
proving the foreign exchange position of the countries involved,
 
anc developing products that might be the basis for a local
 
industry.
 

In the roofing material, foreign currency requirements were to
 
be minimized through the development of a composite material
 
that required only a minor amount of imported binder and/or
 
additives. The roofing was 
to be fabricated from largely
 
indigenous materials and utilize abundant local manpower and
 
locally available facilities. Performance and durability were
 
to include resistance to static loading, impact, solar radi
ation, heat, rain, humidity, wind, fire, sound transmission,
 
insects, pests, and fungus. 
 Factors such as appearance, shape,

form, and prestige were to be considered to assure acceptability.

Manufacturing, ideally, was 
to be cost competitive in either
 
small-scale 
(rural villages) or large-scale (urban) operations.
 

The ultimate goal of the research and development program was 
to
 
make available, in at least three countries 
(Philippines, Ghana,
 
Jamaica), an economically, technically, and socially acceptable
 
alternative to current roofing systems. 
 Achievement of the
 
goals of the program was to be demonstrated within each of the
 
three participating countries through: 
(a) the construction of
 
at least four prototype roofs, and (b) transfer of the technol
ogy to qualified organizations and individuals. 
 The program was
 
divided into the following three phases:
 

Phase I (May 1973-May 1974) - Problem Definition,*Country

Survey and Country Selection.
 
Phase II (May 1974-May 1975) - Roof Definition, Ingredient
Selection, Laboratory Composite Material and Process Development,

and CollaborativetInstJtution Definition.
 

Phase III 
 May 1975-December 1977) Material Optimization, Design,
Fabrication, Testing and Evaluation of Prototype Roofing, Field
Manufacture, Installation and Evaluation of Full-Scale Poofing
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During Phase III, most of the work was 
carried out in the three
 
participating countries, working through advisory committees
 
and technical working groups of experts in each selected country.
 

Phases I and II were 
completed and summarized in the First and 
Second Annual Reports issued in July 1974 and December 1975, 
respectively (Ref. 2,3) . Phase III objectives were also accom
plished, the principal ones, including: 

Establishment of an experimental program early in Phase
 
III, in each participating country, to provide familiar
ization with the technology.
 

Transfer of technology, by visits to each of the parti
cipating countries, and by meetings with members of the
 
advisory committees and technical working groups.
 

Location of local facilities, or combinations of facilities,
 

for later use in the large-scale manufacture of the
 
roofing.
 

Demonstration of pilot-scale or plant-scale production of
 
at least one process and product in each of the three
 
countries.
 

Manufacture of sufficient roofing material to roof up to
 

four houses in the three countries.
 

Installation of roofing (made by three different processes)
 
on up to four houses in the Philippines, Ghana, and Jamaica.
 

Identification of private industry and quasi-governmental
 
organizations in each of the three countries, which are
 

interested in carrying the development further to com

mercial anufacture of the products.
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This report summarizes the work accomplished in Phases I and II
 

(May 1973-May 1975) and describes, in greater detail, the Phase
 

III (May 1975-December 1977) experimental program, technology
 

transfer, and demonstrations of the manufacture and installation
 

of the developed roofing.
 

A future program to provide for product development and larger
 

scale manufacture of the roofing, utilization of the materials
 

in other structural and non-structural applications, and cost
 

minimization is suggested and outlined.
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2. PROGRAM SUMMARY
 

The roofing project functionally comprised materials development,

methodology, manufacture and installation of roofing, and initial
 
environmental impact examination.
 

This report describes the program for development of lower-cost
 
roofing from indigenous materials for developing countries in
 
four natural or functional categories: (1) roofing materials
 
and process development, (2) methodology, (3) demonstrations
 
of developed materials, and (4) evaluation of possible environ
mental effects.
 

The materials and process development work was started at
 
Monsanto Research Corporation's Dayton Laboratory, and was
 
expanded through experimental work conducted through qualified
 
institutions in the participating countries. 
This "in-country"
 
experimental work continued throughout, and merged into and
 
became a part of the large-scale production demonstrations in
 
Phase III.
 

The methodology selected at the beginning of the program, and
 
followed throughout, was to locate 
(early) knowledgeable
 
individuals, and qualified institutions having the necessary
 
interest and facilities. 
 The program was then implemented
 
entirely through use of these in-country capabilities. Technical
 
advisory committees provided overall direction of the effort,
 
and technical working groups participated directly in carrying
 
out the program.
 

The demonstrations of the 
large-scale manufacture and the
 
installation of roofs were carried out in each of the three
 
countries during the last half of ;976 and 1977.
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Plant, or semiplant, production of the roofing was done, in each
 
case, by organizations having the necessary facilities and
 
potential interest in the future commercialization of the pro
ducts (see Appendix A). 
 In this way, the demonstrations can
 
continue toward implementation of a commercial production of
 
the materials.
 

An initial Envirornmental Examination of the possible effects
 
of the wide scale manufacture and 
use of the roofing developed
 
in this program on 
land use, water quality, the atmosphere,
 
natural resources, cultural and socio-economic factors, and
 
health was made. It is concluded that the roofing project
 
will not have a significant or negative effect, on the environ
ment in the participating countries, at least in the demonstration
 
stage.
 

2.1 ROOFING MATERIALS AND PROCESS DEVELOPMENT
 

Four composite panel roofing material systems were developed which
utilize major percentages of indigenous bagasse filler, and minor
amounts of phenolic or other resin binder. 
Three of the four
 processes use an intensive (Banbury) mixer. 
All four have compression molding as 
the final 
process step in panel fabrication.
The products range in raw material 
cost from 6-14c per square foot
of roofing panel, depending on composition, resin content, etc.
 

Four alternative roofing material systems 
were developed that
 
maximize use of indigenous fillers in combination with minimum
 
quantities of resin binders to form a strong composite roofing

product. The four products differ in the 
type of resin binder,
 
and/or manufacturing process, but have 
in common bagasse (sugar
 
cane residue) filler and a process requiring an intensive mixer
 
(Banbury), and a compression molding press as 
shown in Figure 1.
 
All four composite materiais 
can be produced as flat or cor
rugated panels useful for roofing and other structural and non
structural applications.
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a 2 

4, (a) Sugar cane bagasse, indigenous
 
to Jamaica, Ghana, and the
* Philippines is a key low cost 

.-,.. - filler used in high volume. 

(b) The roofing compositions are 
compounded in a Banbury type j r" 
intensive mixer that is 
unique in its ability to 
process the various ingredi
ents together.
 

(c) 	Pressure and temperature,
 
provided by common hydraulic
 
molding presses, are required
 
to form and rigidize the cornpounded material into roofing

panels.
 

Figure 1. 	Common to the four developed alternative roofinrj materials
 
are bagasse filler, an intensive mixing machine, and a
 
hydraulic molding press.
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Product and process development was carried out initially in
 

the United States. The materials and Process development was
 
continued and expanded through collaborating individuals and
 
organization in the Participating countries. In the materials
 

and process development, emphasis was placed on the maximum
 
use of available participating country facilities, manpower,
 
and skills. The four composite materiai systems that were
 

defined in the program, and demonstrated to varying degrees
 

in the Philippines, Ghana, and Jamaica are illustrated in
 
Figure 2 and summarized in the following subsections.
 

2.1.1 Bagasse-Reinforced Phenolic (BRP) Composite Roofing
 

The baqasse-reinforced phenolic composite is a rigid, strong,
 
durable, red piamented panel produdt. The Process involves
 
only "fibrillating" of the bagasse, dry blending with resin
 
binder, and molding-cure in 3-7 minutes at 275 0F. The raw
 
material cost is projected to be %12c/ft 2 at 30% powdered

phenolic resin.
 

The bagasse-reinforced phenolic composite is a strong, durable,
 

heat and moisture resistant, colorful (pigmented red) panel
 
product. It is rigid, insulating, of low thermal capacity,
 

lightweight, and easily transportable. It can be sawed and
 
nailed for easy installation. It is by far the simplest roof
ing material of t1.ose developed to process and requires only a
 
few readily available ingredients. The composite formulation
 

has been optimized to perform primarily in a roofing application.
 

The process for producing the bagasse-reinforced phenolic roofing
 
composite is simple, requiring essentially only three steps.
 
First, the bagasse is fibrillated and pigmented using available
 

Banbury rubber compounding mixers. Second, this powder is dry
 
blended with phenolic resin power in an end-over-end tumble
 

blender such as a concrete mixer. Third, the blended powder is
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(a) Test panels were installed at 
a 100 slope at BRRI in Ghana 
providing a severe water ex
posure for two years. Badly 
degraded control is at right
 
and BRP and BRR panels are
 
third and fifth from the
 
right.
 

(b) Earliest 	panel exposure was
 
at Berger Paints in Jamaica,
 
6 to 12 months before the
 
other countries. Shown are /
 
flat and corrugated BOB and
 
flat BRP panels.
 

I -. "" 

-'II 

(c) Data accumiulated at Sherwin-
Williams Paints in the 
Philippines over two years 
corresponded to other out
door and accelerated weather-

Figure 2. 	The four alternative roofing material systems were proven
 
through outdoor exposure studies in 
Ghana, Jamaica, and
 
the Philippines.
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compression moldoid on a short: cycle (3-7 minutes) ,t a relat. ively 

low temperature (2750F). Panel thickness is controlled at 0.l
 
inch by the amount of powder blend charged to the compression
 

molding area.
 

The 0raw mater al cost for the bagasse-reinforced phenolic com
posite roofing material is projected to be 12¢/sq ft. This
 
estimate is based on 1/8 inch thick panels containing 30% by
 
weight phenolic resin powder. Costs will be proportionately
 

less for panels that are thinner.
 

If, as 
has been demonstrated in the Philippines, it is possible
 

to use liquid phenolic resins, substantial raw material cost
 
reductions can be realized since the liquid resins sell for
 
approximately 50% 
less on a solids basis than the powdered
 

resir.
 

The selling prices for roofing shingles or panels are projected
 

from related industrial experience to be 3 to 4 times the raw
 
material cost. The foreign exchange requirements would repre

sent about 25% of the projected sales price.
 

Of the four processes developed in this project, the bagasse
reinforced phenolic requires the least capital equipment and
 

has the lowest manufacturing cost.
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2.1.2 	 Bagasse-Reinforced Hard Rubber (BRR)
 

Composite Roofing
 

The bagasse-reinforced, natural-rubber-bonded composite is a
 
medium modulus, strong, durable, red pigmented, flat or cor
rugated 	panel product. In the process, the baqasse filler,
 
pigments, curing agents, etc. are compounded in a Banbury

mixer. The rubber compound-is formed into continuous sheets
 
52 in.wide by 1/8 in. thick. These flexible sheets are
 
molded and cured for 30 minutes at 325OF to a riqid state.
 
Raw material cost is 7-9t per square foot usinq the lowest
 
cost grades of natural rubber.
 

The bagasse-reinforced hard rubber comosite roofing has many
 
of the desirable features of the bagasse-reinforced phenolic.
 
The product is a durable, water resistant, tough, compliant,
 

lightweight, low thermal capacity (specific heat x weight) panel
 
that can be formed into a variety of shapes. It is amenable to
 
normal carpentry techniques, and can be installed by nailing.
 

The bagasse-reinforced hard rubber composite is molded from a
 
high sulfur content (15%) hard rubber formulation, similar
 
to that used in battery cases, but containin an unusually high
 
level of low-cost whole bagasse. The composition has been
 
optimized in cost/performance for roofing applications. Two
 
formulations with different degrees of fire resistance are
 
available: 
 a moderate cost material having a reasonable level
 
of fire.resistance and a lowest cost, less fire resistant
 
alternative. The lowest cost formulation has elicited the
 
greatest interest to date in the particirating countries.
 

The orocess relies heavily on well-established technoloqy and
 
equipment used routinely in rubber manufacturing industries
 
throughout the world. First, the bagasse is "fibrillated" and
 
the rubber compounded into it in a Banbury intensive mixer.
 
Second, the Banbury compound is sheeted on a mill roll, then
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calendered to form a continuous flexible roll of the desired
 

width and thickness. Third, the continuous sheets are cut
 

to the desired length and compression molded for 30 minutes at
 

3251F. This molding temperature is about 350F higher than is
 

usual in commercial rv.bber processing and presents some diffi

culties, due to equipment limitations, in the participatinq
 

countries. The higher molding temperature is attributed to the
 

presence of the very large amount of bagasse filler.
 

Using the lowest cost grades of natural rubber, the unprocessed
 

raw material costs for this product are projected to be 9¢/sq ft
 

for the fire retardant composite, and 7¢/sq ft for the lowest
 

cost product. Sales prices for roofing shingles or panels are
 

projected to be 3 to 4 times these raw materials costs. The
 

cost of the imported components for the fire retarded and
 

lowest cost products are 17 and 15%, respectively, of the pro

jected sales price.
 

2.1.3 	 Bagasse-Reinforced Thermoplastic (BRT)
 

Composite Ro fing
 

The baqasse-reinforced thermoplastic-resin-bonded composite
 
is a rigid, strong, durable, red piqmented, flat or corru
gated panei product. In the process the bagasse filler,
 
piqments, etc. are compounded toqether in a Banbury mixer.
 
The compound is formed into continuous sheets 52 in.wide
 
x 1/8 in. thick. These sheets are molded and rigidized by
 
cooling. Raw material costs are projected to be about 14t
 
per square foot.
 

The bagasse-reinforced thermoplastic composite roofing mate

rial is also relatively simple with respect to the number and
 

nature of the components, and it also uses established rubber
 

compounding and molding processes. The panels have a ig

mented red appearance, and both water resistance and outdoor
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durability are good. The product is a lightweight, low thermal
 
ca6acity panel system that can be formed into a variety of shapes.
 

The bagasse-reinforced thermoplastic composite consists of either
 
styrene/acrylonitrile copolymer, or acrylonitrile/butadiene/
 
styrene graft copolymer binder containing 60 volume percent of
 
dried whole bagasse filler. The composite formulation was
 
developed strictly for the intended roofinc application. Less
 
work has been devoted to this particular system, since the
 
present economics of the process are less desirable. Accordingly,
 
the formulations recommended may be somewhat less than ootimum
 
in terms of cost/performance.
 

The process used in preparing the bagasse-reinforced thermo
plastic composite consists essentially of three steps, almost
 
identical to those used for the bagasse-reinforced rubber.
 
First, the bagasse is fibrillated and the thermoplastic resin
 
compounded into it in a Banbury mixer. Second, the Banbury
 
composition is sheeted on a mill roll, and then calendered to
 
form a continuous roll of the desired width and thickness.
 
Third, the calendered sheets are comoression molded and "set"
 
by cooling. The melt flow characteristics of the system are
 
poor, due to the high filler loading. Therefore, thermoplastic
 
molding techniques are limited to calendering and compression
 

molding.
 

The raw materials costs for the bagasse-reinforced thermoplastic,
 
including no processing, are projected to be about 14¢/sq ft.
 
The price for roofing shingles or panels are projected to be
 
three to four times these raw material costs. The foreign
 
exchange requirement thus represents 33% of the projected
 
sales price.
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2.1.4 	 Phenolic-Bonded, Oriented Bagasse Fiber (BOB)
 

Composite Roofing
 

The phenolic-bonded, oriented bagasse fiber composite roofing is
 
a durable, buff-colored, flat or corrugated panel having direct
ional strength properties. As currently formulated, this product

has the most bagasse filler and least resin binder. The process

requires different equipment and more steps than the others.
 
The bagasse is "wet" depithed, and phenolic resin is precipitated
 
onto it. The fibers are oriented in a centrifugal water extractor,

and the fiber mat is compression molded and cured. Raw material
 
costs range from 6-11t per square foot for 0.1 in. thick corru
gated panels.
 

As currently formulated, the phenolic-bonded, oriented baqasse
 
fiber composite roofing incorporates the most indigenous filler,
 
and consequently the least phenolic resin binder, of any of the
 
four developed roofing systems. In the process, a very low
 
cost structural material is 
first made and secondary treatments
 
are used to provide the desired water and/or fire resistance.
 
The BOB composition is unique in that the orientation of the
 
fibers makes it possible to put the highest strenqth of the
 
product in the desired direction (i.e., longitudinally for lonq
 
spans). The composition differs also from the other three
 
developed products in that a high oercentage of the pith mate
rial is removed in the process. Liquid phenolic resin is used
 
as the 	bondin, agent, in contrast to the phenolic powders used
 
with the whole bagasse reinforced phenolic. These liquid resins
 
are identical to those used in the particle board and plywood
 

industries.
 

The oriented, bagasse-fiber reinforced composite formulation
 
was optimized to have the necessary water resistance (wet
 

strength), a "ninimal level of fire resistance, and lowest cost
 
(minimum resin concentration). The composition can be modified,
 
however, to achieve further reductions in costs with some com

promise of water and/cr fire resistance.
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The process for the BOB composite material is the most complex
 
of the four developed alternative roofing products. It is a wet
 
orocess, which uses relatively large quantities of water during
 
removal of pith and separation of the baqasse fiber bundles into
 
individual fibers (fibrillation). Pith and acid residues are
 
produced that must be disposed of using appropriate, established
 
methods. A high degree of orientation of the fibers in one
 
direction is obtained during a centrifugation and water ex
traction step. The final step in the formation of the oanel
 
is compression molding and curing of the fiber-resin composite.
 
The panel is then treated to provide the necessary durability,
 
including resistance to water and outdoor aging and fire
 
resistance.
 

The unprocessed material costs for the oriented bagasse-fiber
 
reinforced composite are projected to be about 12¢/sq ft for
 
the fire retarded product, and 6¢/sa ft for the lowest cost
 
material. The selling price for corrugated roofing panels are
 
projected to be four to five times these raw material costs.
 
The imported materials (resin binder) represents 19 and 15%
 
of the selling price of the fire retarded, and lowest cost
 
formulation, respectively. Significantly, the foreign exchange
 
requirement for resin for the structural panel alone is less
 

than 2¢/sq ft.
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2.1.5 	Non-Roofing Building Materials Applications
 
for the Developed Products
 

Several 	of the products developed show promise for use as structural
and non-structural materials. 
 Other applications include floor tile,
exterior and interior walls, ceilings and building blocks.
 

Roofing applications require higher strength and outdoor dur
ability of materials than do non-roofing and non-structural
 
applications. 
Thus, 	it can be assumed that materials which
 
are adequate for roofing can be used in other applications of
 
a building, depending on their costs. 
 In these less demanding

applications, it is also likely that further reductions in cost
 
can be 	achieved, such as in reductions in resin content, while
 
retaining adequate performance. All of the materials developed
 
have some tailorability to make them suitable for other struc
tural and non-structural applications.
 

The bagasse-reinforced rubber-bonded comnosite 
(BRR) can be
 
formulated to obtain a flexible product that should be suitable
 
for floor tiles, counter tops, etc.
 

The bagasse-reinforced phenolic (BRP) can be diluted with wood
 
chips to form thicker structural panels having a very low 
(e.g.,

5%) 
resin content and &_equate strength and water resistance for
 
interior applications.
 

The bonded oriented baqasse fiber composite (BOB) composition
 
can also be used as 
is for exterior walls. The composition can
 
be reduced in cost and resin content and still have adecuate
 
strength and water resistance for interior aoplications.
 

It is also possible that one system investigated and rejected in
 
the earlier work for roofing (a clay-reinforced nhenolic) may,

with further development, nrovide adequate cost oerformance for
 
use as building blocks and exterior walls.
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2.2 METHODOLOGY 
- HOW THE PROGRAM WAS IMPLEMENTED
 

The program was implemented in the three participating countries
 
throuqh advisory committees and technical working groups. In
country, small-scale experimental work was initiated early, and
 
continued throughout. Technoloqy was transferred on both an
 
orqanizational and a person-to-person basis.
 

One of the key goals of the program was to assure that the
 
technology develooed was made available to, and left with the
 
participating countries. 
The approach to achieving this tech
nology transfer goal was through getting participating country
 
personnel and organizations actively involved early in the
 
program in both the decision making and the actual work.
 
Financial and in-kind commitments were encouraged in order to
 
insure direct involvement and follow-up of the program. 
 In
 
detail, the approach differed slightly in the three countries
 
but was, in general, identical.
 

The collaborative effort, and transfer of technology was
 
initiated at the start of the program and continued throughout.
 
Most of the contacts were on a direct person-to-person basis,
 
with key individuals in government organizations, universities
 
and private industry. These early and continued personal con
tacts between the MRC team members and collaborating personnel
 
in the participating countries was one of the most important
 

aspects in the transfer of technology.
 

A wide variety of skills and expertise in the areas of agricul
tural residues, materials, processing, roofing architecture,
 
building materials, etc. were called upon., The skills and exper
tise were necessary in order 
to insure that the systems being
 
developed were compatible with the specif~c needs and prevailing
 
situations in the individual participating countries. This
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approach also had the advantaqe that as better systems were
 

defined, skilled individuals would be available to oursue the
 

effort. This part of the materials development, and technology
 

transfer was implemented by the formation of "Advisory Committees"
 

with broad experience, and high level of authority in the govern

ment, academic institutions, and private industry, as illustratee
 

in Figure 3.
 

In addition to the Advisory (decision-making) Committees, it was
 

also necessary to have Working Groups responsible for the experi

mental work, actual manufacture of the materials, installation
 

of the roofs, etc. These "Technical Working rroums" consisted
 

of key individuals who were to be directly involved in the experi

mental effort, and thus would have detailed knowledge of the
 

materials, processes, and aDolications beinq co,.sidered. It was
 

through these key individuals that the detailed technology was
 

to be transferred to others.
 

The develonment of materials and processes for the manufacture
 

of roofing panels was conducted in a systematic manner. There
 

was initially an extensive screening program carried out in
 

MRC's laboratories. This was followed by an intensive laboratory
 

experimental program, both in MRC laboratories and in those of
 

the participating countries. Finally, demonstrations involving
 

larger scale (pilot plant) manufacture of materials andfcon

scruction of roofs were done in each of the three collaboratinq
 

countries.
 

From the joint oro ram, in MRC ldboratories and n the oartici-.


pating countries, tour candidate roofing materialesystems were
 

develoDed. These systems took advantaqe of advanced materials
 

composite, techlnoLogy ceveloped In the United Stat-s in Defense
 

and Aerosvace procrams. The systems developed rely on plentiful
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(a) The Scientific Research
 
Council, Kingston pro
vided technical expertise
 
in behalf of the govern

.. ....•ment 
 of Jamaica.
 

(b) Ghana Rubber Products, Ltd.
 
in Accra made available their
 
industrial, technical , and
 
business knowhow, manpower
 
and facilities.
 

(c) The National Housing Corpo
ration, Caloocan City, made
 
available their quasi
industrial plant, manpower,
 
knowhow, and houses.
 

'Od. 

-igure 3. 	Implementation of the program was achieved by the contri
buted participation of governmnent, 
academic institutions
 
and industries 
in Jamaica, Ghana,' and the Philippines.
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quantities of low-cost bagasse as a reinforcing filler in the
 
composite. 
The bagasse is or can be made available in each of
 
the three participating countries, and is also available in
 
other tropical countries throughout the world where sugar cane
 
is produced. The products developed in the four processes have
 
utility as roofing and appear as well to have use as 
structural
 
and non-structural materials for other parts of the house.
 

Technology transfer constituted the knowledge of the specific
 
materials and processes and their applications as roofing and
 
materials of construction. 
The transfer of the technology
 
was achieved and demonstrated by laboratory experimentation,
 
plant manufacture, and actual construction of roofs in the
 
participating countries using local manpower and facilities.
 

The entire program was carried out without the necessity of
 
formal, written agreements in any of the three countries. Key
 
people in the participating countries agreed that the programs
 
would be beneficial and therefore worth their support and
 
cooperation. 
Thus, an informal, verbal, "gentlemans' agreement"
 
was all that was necessary. Attempts to negotiate a formal
 
"Memorandum of Agreement or Understanding" proved to be exceed
ingly difficult and time-consuming in the only two countries
 
where it was tried (Philippines and Zambia). Drafting, negoti
ating, approval, and signing of such an agreement would have
 
required two year6 or even longer to complete.
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2.3 DEMONSTRATIONS OF ROOFING MANUFACTURE AND ROOF INSTAL-

LATION IN THE PHILIPPINES, JAMAICA, AND GHANA
 

Local labor, materials, and facilities were utilized to 
demonstrate
manufacture of roofing, by one or more processes, 
in the Philippines,

Jamaica, and Ghana. 
 Roofs were installed on houses in the Philippines,

Jamaica, and Ghana.
 

The goal of the demonstration of the program was 
to utilize
 
local materials, labor and facilities to manufacture at least
 
one of the candidate roofing materials in small production
 
quantities, and to install roofs on four houses in each of
 
the three countries. The bagasse-reinforced rubber 
(BRR) com
posite system was demonstrated in the Philippines and Ghana.
 
The bagasse-reinforced phenolic (BRP) composite was demonstrated
 
in Jamaica, Ghana, and the Philippines. A bonded oriented
 
bagasse (BOB) roof was constructed in Jamaica. 
 These demonstra
tions of larger scale manufacture and roofing installations,
 
as shown in Figure 4, helped to insure transfer of the technology.
 
Secondary systems, and alternative uses 
for the products as
 
structural materials, were also explored.
 

2.3.1 Philippines
 

In the Philippines, the facilities of the Goodyear Rubber Company
and the National Housing Corporation were used to manufacture

large quantities of roofing shingles from both bagasse-reinforced
rubber and bagasse-reinforced phenolic. 
Four employee houses at
NHC were roofed with the bagasse-reinforced rubber shingles. 
 It
 
was also demonstrated that the BRP roofing composition could be
diluted with large quantities of ground wood chips to make lowresin composites of interest as 
structural (non-roofing) materials.

NHC employees are 
now living in the four roofed houses.
 

In the Philipoines 
a wide range of capabilities and facilities
 
were available. 
Because of the wider range of capabilities
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(b) One of the units of four 

house cores roofed with 

BR? shingles at Hunts
 
Bay Site and Service
 
project, Kingston, after
 
one year exposure.
 

4
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(a) 	Four NHC employee houses
 
roofed with BRR flat
 
shingles at Caloocan City.
 

I EI 
[.
 

(c) 	Security building at
 
CSIR secretariet, Accra,
 
roofed with BRP flat
 

shingles.
 

Figure 4. 
Transfer of the roofing material technology was demonstrated
 
by the installation of roofs in the 
Philippines, Jamaica,
 
and Ghana using panels manufactured there.
 

22 

VMONSAN O ESEARC- CORPORA TICN 



and the direct commitment and interest of the National Housing
 
Corporation, it was possible 
to demonstrate production scale
 
manufacture of 
two of the four basic processes, as well as
 
modifications of one of them for non-roofing applications.
 
Extensive rubber compounding fadilities exist in the Manila
 
area, and natural rubber is grown in the Philippines. Thus
 
the manufacture of the bagasse-reinforced natural rubber com
posite was demonstrated first. 
Secondly, the production of the
 
bagasse reinforced phenolic on a plant scale was demonstrated
 
along with production of a "wood chip dilution" product for
 
structural (non-roofing) uses. 
 Smaller scale (laboratory
 
production) of the phenolic-bonded oriented bagasse fiber
 
system was also demonstrated in the Philippines.
 

The experimental program in the Philippines was designed to
 
bring together the expertise to define, manufacture, and evalu
ate two viable roofing alternatives, based on 
the earlier
 
experimental work done by Monsanto Research Corporation in
 
conjunction with the Philippines Roofing Advisory Committee.
 
The experimental effort was conducted mainly in the laboratories
 
of the National Housing Corporation, and those of the Forest
 
Products Research Industries Development 2ommission (FORPRIDECOM).
 
Assistance with the compounding of the rubber was provided by
 
Goodyear Tire and Rubber Company (primarily), Latex City
 
Rubber Company, and Manila Rubber Company. Mabuhay Vinyl
 
also permitted the use of 
their laboratory molding facilities
 
at 
no cost to the program for small scale experiments. Jardine.-

Davies, through their partially-owned Sherwin-Williams subsid
iary, provided a site for outdoor aging of panels of the vari
ous candidate materials.
 

The actual technical working group came almost entirely from
 
the National Housing Corporation. However, interest and parti
cipation throughout the program was 
also maintained by personnel
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from the National Economic Development Authority, the National
 

Science Development Board, and FORPRIDECOM.
 

In the demonstration of the bagasse-ceinforced natural rubber
 

composite, 15,000 pounds of composite roofina panels were ore

pared using the combination of Goodyear Rubber facilities for
 

compounding the rubber, and National Housing Corporation particle
 

board press for compression molding and curing the panels. Large
 

4 ft x 16 ft x 1/8 in. thick panels were preoared and sawed into
 

4 ft x 2 ft shingles. These shingles were then used to roof
 

four emoloyee houses having a roof area of 850 sq ft each.
 

Flat shingles were used instead of the more cost-effective cor

rugated panels because of lack of corrugated molds.
 

NHC employees are living in'each of the four houses and per

formance is being monitored by them, and by NHC technical
 

personnel assigned to the project. No major problems have been
 

encountred to date.
 

There was also a demonstration of the plant production of the
 

bagasse-reinforced phenolic composite material. Aporoximately
 

5000 pounds of 4 ft x 16 ft x 1.8 in. panels and 50 tons of
 
"wood chip dilution" construction materials were oroduced. 

Entire model houses, not just roofs, were scheduled to be put 

up in 1977 from the combination of materials produced. 
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2.3.2 Jamaica
 

InJamaica, bagasse-reinforced phenolic flat roofing shingles
 
were manufactured using the facilities of the Goodyear Rubber
 
Company and the Standard Building Products Company. Roofs
 
were installed on parts of eight houses at the Hunts Bay low
cost housing project, and an additional house is scheduled to
 
be roofed. A fourth roof consisting of painted BOB corrugated

panels was constructed.
 

The combination of facilities required for the manufacture of
 
bagasse-reinforced phenolic roofing existed in Jamaica. 
Thus,
 
bagasse-reinforced phenolic flat roofing shingles were manu
factured in the Kingston area using a combination of facilities
 
of the Goodyear Rubber Company, the Scientific Research Council,
 
and Standard Building Products Company. This is illustrated
 

in Figure 5.
 

For the bagasse-reinforced phenolic composite roofing material
 
demonstration, only the resin binder, pigment and stabilizer
 
were imported. Otherwise, local materials, facilities and
 
manpower were used to manufacture the roofing panels. Approxi
mately 3400 sq ft of flat roofing shingles, sufficient to cover
 
four roofs, were manufactured.
 

Using the 2 ft x 4 ft bagasse-reinforced phenolic shingles,
 
roofs were installed over the cores of eight houses at the Hunts
 
Bay low cost housing project on November 11, 1976. The remain
ing shingles are to be installed on a house scheduled to be con
structed before the end of 1977. Flat 2 ft x 4 ft shingles were
 
manufactured and used, in lieu of more cost-effective corrugated
 
panels due to molds not being available.
 

25
 

o MONSANTO RESEARC-t CORPORATON 



J (a) Processing of bagasse in 
a a Banbury type mixcer at

Goodyear-Jamaica, Ltd.
 

. ., A AG , As °h 

(b) 	Leveling of BRP compound
 
into 2 1/2 ft x 9 ft mold
 
at Standard Building
 
Products (SBP).
 

(c) Molded BRP panel being 
-* removed from press and 

mnoll 	at SEP.
 

Figure 5. 	Manufact:ure of zagax.3se-reinforced pheno-li roofing panels 

at Goodyear and Standard Building Products in Jamaica 

typi ies the availabilit-' of the developed technologies 

in the t-'ee participatlg countries. 
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There was strong interest in Jamaica in the oriented bagasse
 

fiber reinforced composite material, and a considerable amount
 

of small-scale experimental work performed on this system. Thus,
 

this material and process was also considered for use in the
 

demonstration phase, but not manufactured due to the lack of
 

appropriate facilities to produce the required quantity of
 

material on the desired time schedule. However, panels manu

factured at our U. of Washington pilot plant were used to roof
 

a building in the Kingston area in order to initiate a practical
 

durability experiment.
 

The experimmental program in Jamaica was designed to bring
 

together personnel with the necessary expertise to define,
 
manufacture, and evaluate viable alternative roofing systems
 

based on work done by Monsanto Research Corporation in con

unction with the Roofing Advisory Committee. The effort included
 

experimental work at the Scientific Research Council, analysis
 
of roofing criteria by members of the Advisory Committees, selec

tion of candidate roofing sites by the Ministry of Housing,
 

and outdoor exposure studies at Berger Paints. The result was
 

the basis for a roofing product demonstration. The actual
 
demonstration was carried out by the Technical Working Group
 

which had become thoroughly familiar with the systems through
 

the small-scale experimental program while planning for the
 

demonstration.
 

Lonq-term performance of the roofing installation will be
 

monitored by the Advisory Committee, specifically personnel
 

at Berger Paints Ltd., Kingston.
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2.3.3 Ghana
 

In Ghana, both the bagasse-reinforced Dhenolic (BRP) and rubber
 
(BRR) roofing systems were demonstrated. BRP roofina shinqles
 
were manufactured by Ghana Rubber Products, Ltd. and installed
 
on a building in November 1977 through the assistance of the
 
Building and Roads Research Institute. A quantitv of the BRR
 
roofing material was also manufactured but could not be made
 
into riqid shingles due to a minor, but siqnificant, equipment

problem. Ghana Rubber Products has purchased and is installing

equipment that will allow them to manufacture the BRR roofinq

early in 1978, which is planned.
 

The existence of excellent rubber compounding facilities and
 
rubber technology in Ghana orovided for a perfect fit with the
 
developed roofing systems. Interest existed in both the bagasse
reinforced rubber (BRR) and bagasse-reinforced phenolic (BRP)
 
systems that utilize rubber processing equipment. Particular
 
interest existed for the BRR system since natural rubber is
 
grown in Ghana and thus a high percentage of indigenous material
 

could be utilized.
 

The main emphasis in the Ghana program was the BRR system
on 

and in October 1976 a quantity of roofing compound was manufactured.
 
Produced were flexible bagasse reinforced rubber sheets ready to
 
be rigidized by heating under pressure. Unfortunately, the
 
temperature available to the molding press at Ghana Rubber
 
Products was less than the 3251F required to 
cure the rubber.
 
Accordingly, rigid panels could not be made and thus a roof
 

could not be installed.
 

Ghana Rubber Products realizes the problem, is correcting it
 

by installing a new high temperature boiler, and will on
 

their own Proceed to manufacture a pilot quantity of the
 
BRR roofing early in 1978.
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There is also an interest in the BRP system at Ghana Rubber Ltd.
 

and in November 1977 a quantity of 10 in. x 20 in. roofing shingles
 

were manufactured at their Accra plant. A small production line
 

was utilized and the molding cycle was optimized to reduce cure
 

time down to less than 1.5 minutes. These roofing shingles were
 

supplied to the Building and Roads Research Institute (BRRI) who
 

made available a structure at their C.S.I.R. Secretariet in
 

Accra. A -100 sq ft shingle roof was thus installed which initi

ated a realistic outdoor exposure of the BRP system in Ghana.
 

As in the other countries, the experimental program in Ghana
 

was designed to bring together the expertise to define, manu

facture and evaluate one or more of the candidate roofing systems
 

developed by Monsanto Research Corporation, in conjunction with
 

the Ghana Roofing Advisory Committee. The total effort included
 

small-scale experimental work on three of the four candidate
 

processes, analysis of roofing criteria, outdoor exposure
 

studies, and selecting sites for the roofing demonstration houses.
 

The ground work for performing the manufacturing demonstration
 

at Ghana Rubber Products Ltd. was conducted by personnel of the
 

Building and Roads Research Institute, Kumasi.
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2.4 SOCIO-ECONOMIC AND ENVIRONMENTAL IMPACT
 

An initial environmental examination was made in which the possible
 
effects of the wide scale application of the results of the AID
sponsored roofing program on land, water quality, atmosphere, natural'
 
resources, and cultural, socio-economic, and health aspects were con
sidered. It was concluded that no negative environmental effects
 
could be foreseen as a result of this project as viewed from its
 
initial and interim stages.
 

The policy of the Agency for International Development (AID)
 

is to carefully consider the environmental implications of all
 

AID-supported projects. Accordingly, all projects must include
 

an "initial environmental examination" in which the possible
 

effects of the wide scale application of the results (positive
 

or negative) are considered. Major areas to be addressed
 

include the effects on: land use, water quality, atmosphere,
 

natural resources, and cultural, socio-economic, and health
 

aspects, etc.
 

The possible effects of the wide scale manufacture and use
 

of the developed roofing on the specified major areas was
 

addressed. Of the eight areas listed for evaluation, three
 

(water quality, natural resources, and health) were identified
 

as possibly being effected ignificantly. in these there is
 

only limited or slight environmental effect (see Section 3.4).
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3. TECHNICAL DISCUSSION
 

This sec.tion summarizes the nature of the roofing material
 

systems developed, the approach taken in developing the mate
rials and transferring the technology to the three partici
pating countries, and the work done in each to 
illustrate the
 
practical transfer of the technology and its utilization.
 

3.1 ROOFING MATERIAL AND PROCESS DEVELOPMENT
 

Four alternative roofing material systems that maximize use of
 
indigenous components were developed. The four products differ
 
in the type of resin binder and/or manufacturing process, but
 
have in common bagasse (sugar cane residue) filler and a process

requiring both an intensive mixer (Banbury) and a compression

molding press. Product and process development was carried out
 
initially in the United States with support from the three
 
participating countries where the effort was continued and
 
expanded. The potential use of available participatinq country

materials, facilities, manpower, and skills was emphasized.
 

Four different roofing products, and the processes to manu
facture them, were developed in a joint research and development
 
effort involving Monsanto Research Corporation, The University
 

of Washington, Washington University, and participants in the
 
Philippines, Jamaica and Ghana. 
 The four roofing systems are:
 
bagasse-reinforced phenolic (BRP), bagasse-reinforced hard rubber
 
(BRR), baqasse-reinforced durable thermoplastic (BRT), and
 

phenolic-bonded, oriented bagasse fiber (BOB).
 

These systems are illustrated in Figure 6.
 

The first three systems (BRP, BRR, and BRT) all involve the
 
extension of a strong, durable resin with very low cost 
reir
forcing bagasse. The last system (BOB) is unique among these
 

31
 

0 MONSANTO RIESEARCH Cq'P^'ArA'0N 



NtrlTem-Lqi 
Powder Rubber plastic Phenic 

IPhenolic 

Sugar Cane Bagasse Filler 

BRP BRR BRT 	 BOB
 

Intensive Mixer and Molding Press 
SDry Cold HotWe 

Intensive IntensiveWt 
Blend Mix Mix Ori entation 

" Bagasse Reinforced Phenolic 	 - BRP 

• Bagasse Reinforced Hard Rubber 	 - BRR 

" Bagasse Reinforced Thermoplastic - BRT 

" Phenolic Bonded Oriented Bagasse - BOB 

Figure 6. 	F'ur material anid :roces..; aiternat'.ves were developed 
that have in :cmmon e fibrous fi!'er and the type 
of mixing ind moldinq operat~ons, hut that differ 
with respect to the resin binders used and the pro
cess details.
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four in that the mechanical characteristics are dominated by
 
refined bagasse fibers joined together, but not surrounded by,
 
a phenolic resin.
 

These four roofing systems are not the 
same as the four described
 
in the second annual report on this program. They differ in
 
the separation of the durable thermoplastic binder system
 
from the hard rubber (because of the significantly different
 
nature of the process) and the omission of clay systems bonded
 
with polyelectrolytes or phenolic resin. 
The clay system
 
received no further treatment since neither its economics nor
 
its physical properties appeared equal to those of the other
 
roofing alternatives.
 

In addition to the use 
in roofing, other non-roofing appli
cations using variations of the four candidate material systems
 
were envisioned and in 
some cases illustrated. 
The modified
 
products could be used 
as structural or non-structural materials
 
for other parts of the house, such as ceilings, exterior and
 
interior walls counter tops, furniture, etc. Some of these
 
products are discussed in section 3.3, together with experi
ence 
in their manufacture, particularly in 
the Philippines.
 

Experimental work in the United States was 
coaiducted at the
 
Dayton Laboratorv of Monsanto Research Corporation with the
 
support of sub-contract personnel at the University of Wash
ington in Seattle, and Washington University in St. Louis.
 
Dr. 
Ben S. Bryant and his colleagues at the University of
 
Washington introduced the concept of 
the oriented bagasse
 
fiber system and advanced the state-of-the-art with respect
 
to materials and processes throughout the program. Importantly,
 
they scaled up the process with pilot facilities to actually
 
manufacture a quantity of 
2 ft x 7 ft corrugated panels that
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were installed as a roof in Jamaica. Professor J. P. Rudd
 

Falconer and his coworkers at Washington University contributed
 

to the architectural, design, and socio-economic aspects of the
 

program. They assisted in determining the most desirable type
 

of roofing and in providing roof designs compatible with panels
 

that could be manufactured in a demonstration phase.
 

Discussion of these materials herein will include their physical
 

characteristics as a panel material, the nature and quantity of
 

the ingredients, the latitude available in varying the formu

lations, a detailed description of the manufacturing process
 

as conducted in the laboratory, and finally an analysis of
 

cost. The cost information was determined and is reported in
 

1976 dollars. Costs were relatively firm with respect to
 

materials. Processing and other costs could only be estimated
 

until experience is generated in a plant manufacturing operation.
 

34
 

6 MONSAN-: RESEARCq CZRPORA7 CNtg 



3.1.1 Bagasse-Reinforced Phenolic 
(BRP) Comaosite
 

Roofing Material
 

The bagasse-reinforced phenolic (BRP) composite roofing consists
of a durable, heat- and moisture-resistant material that can 
be
produced in various colors and which is rigid, insulating, of
low thermal capacity, lightweight, and easily transportable. It
 can 
be sawed and nailed for easy installation.
 

The BRP roofing product is a rigid, dark red panel that can
 
be visually distinguished from the other roofing alternatives
 
only through its slightly darker color. 
 It can be made in the
 
form of flat, corrugated, or other roofing shapes that can be
 
nailed, drilled, cut, sawed, etc. 
for installation.
 

The outdoor durability of this roofing product has been very

good, as determined both by accelerated weatherometer exposure
 
and outdoor exposure in Jamaica, Ghana, and the 
Philippines.
 
The only degradation of the product was noted early in its
 
exposure. In about the first 60 days 
a very thin top surface
 
layer that is rich in resin binder was degraded and eroded
 
away, changing the surface from a glossy to 
a dull finish.
 
This change was expected and is generally considered desirable
 
for the appearance of the roof.
 

Durability was judged qualitatively on the panels exposed in
 
the weatherometer for up to 5000 hours 
(4000 hours of intense
 
sun mingled with 1000 wet/dry cycles) and with one 
square foot
 
panels mounted on exposure racks in Jamaica since May 1975 and
 
in Ghana and the Philippines since September 
1975.
 

The mechanical characteristics of the roofing product are shown
 
in Table I. Results are for the materia! tested dry and then wet
 
after 48 hour immersion in water. 
 The wet strength and modulus
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Table I 

MECHANICAL PROPERTIES OF BAGASSE-REINFORCED PHENOLIC 

COMPOSITE ROOFING MATERIAL (a,b) 

Initial Wet (c)
 

Flexural Strength (psi) 7200 5500 7000
 

Flexural Modulus (psi, 103) 710 510 700
 

Tensile Strength (psi) 4130 
 3600 4100
 

Tensile Modulus (psi, 103) 830 680 820
 

Water Pick up (%) 
 - 1.9 0
 

(a)Dry blended, phenolic-resin-bonded, bagasse fiber
 
reinforced, dense composite. Process: bagasse

fibrillated with oil in Banbury (no separation of

pith), dry blend of ingredients, compression molding
 
at %500 psi.
 

(b)ASTM D790 - flexural, D638 - tensile, rate 0.05
 
in./min. Specimens 0.1 inch thick.
 

(c)Immersion in water for 48 hours. 
 Tested wet.
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were approximately 80% 
of the dry values and were recovered com
pletely upon drying. The 15 and 25% decrease in these proper

ties upon direct immersion in water was anticipated. This
 
decrease was attributed to the high surface area at the cut
 
edges of the test specimens. The mechanical property decrease
 
was 
found not to be a problem with respect to performance in a
 
roofing situation because the roof designs took this into
 
account and most of the strength and toughness was required for
 
shipping, handling and installation, rather than for installed
 

roof performance.
 

This roofing material also has desirable fire resistance
 

characteristics. 
 It is not easily ignited, forms a protective
 
char, burns slowly, and gives off little smoke. A cigarette
 

left to burn on it caused only charring with no ignition.
 

3.1.1.1 Composition
 

The bagasse-reinforced phenolic (BRP) composite is by far the
 
simplest roofing material with respect to the ingredients,
 
which are few and readily available.
 

Table II shows the formulation for the BRP roofing composite
 
material on both a volume and weight basis. The volume data
 

indicates the relative effect of the ingredients on the total
 
mechanical characteristics of the composite. The weight data
 
are used for formulating and in calculating costs in manu

facturing.
 

The phenolic binder shown in Figure 7 ends up as a continuous
 

phase in the system, giving it its strength, rigidity, water
 
and fire resistance. The bagasse represents the iargest weight
 
and volume of the system and, in this particular formulation,
 

acts as an extender (i.e., a compatible, low-modulus reinforc

ing filler). Important to the economics of the product is that
 
whole bagasse is used, although in the process it is shredded
 

and defibrillated.
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Table II
 

BAGASSE-REINFORCED PHENOLIC COMPOSITE MATERIAL FORMULATION(a)
 

(b) Volume(c) Weight
 
Ingredient~ b (%) (%)
 

Phenolic binder 31 30
 

Whole bagasse 61 61
 

Iron oxide pigment 1.4 5
 

Oil 6.2 
 4
 

Preservative 0.05 
 0.05
 

(a)Dry blended, thermoset-resin-bonded, bagasse fiber rein
forced, dense composite. Process: bagasse fibrillated
 
with oil in Banbury (no separation of pith), dry blend
 
of ingredients, compression molded at n500 psi.
 

(b)Phenolic - phenol formaldehyde resin, Monsanto PR 736
 
dry powder; whole bagasse - dried to ',1% moisture, but
 
weights based on dry material.. Extender oil - Sundex
 
790 or equivalent. Preservative - pentachlorophenol.

Iron oxide pigment - Mapico No. 477, Cities Service Co.
 

(c)Determined experimentally from specific gravities:
 

phenolic - 1.35, bagasse 
,1.4, oil -0.9, iron oxide -5.
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(a) Oil treated, pigmented,
 
defibrillated whole
 

Abagasse.
 

(b) Phenolic binder stable at 
room temperature that cures 
to a hard, dense solid at 
2750?. 

(c) Molding 	compound containing

defibrillated whole bagasse, 

plhenolic powder, oil, pig
ment and stabilizer are
being poured into a test 
mold. 

Figure 7. 	The pri.ary ir.redients in the BRP material are processed

whole baqasse and phenolic powder resin that are blended
 
to form a dry- molding compound.
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Approximately 0.1% of a preservative, pentachlorophenol, based
 
on the bagasse was added to prevent biological degradation of
 
the bagasse and residual sugars. This preservative was
 
intentionally omitted from the outdoor exposure test specimens,
 
and no mold growth or other problems were observed until the
 
second year of exposure. It is recommended that the preserva
tive be retained to inhibit growth in certain high humidity/
 
low sunlight areas.
 

The process oil (any rubber extending type oil) assists in
 
water-proofing the bagasse, but its main function is 
to enhance
 
processability which is discussed later. 
 The pigment, treated
 
iron oxide, gives the roofing product its red color, acts 
as a
 
screen to shield the ultraviolet rays of the 
sun from the
 
phenolic resin, and improves the 
flow of the material in the
 
molding process.
 

3.1.1.2 Composition Latitude
 

The bagasse-reinforced phenolic composite formulation was

optimized to perform in 
a roofing application. Little lati
tude exists in altering the ratio of 
its components.
 

Little latitude in modifying the BRP formulation exists for the
 
roofing application. 
 If the phenolic resin content is 
lowered,
 
the product will be porous, have lower strength, and lose its
 
water resistance. 
 If the amount of phenolic resin is increased,
 
the product will be very hard and brittle and thus difficult to
 
nail or cut. 
 In effect, the bagasse acts to considerably
 
toughen the phenolic resin.
 

The preservative is 
at a minimal level. 
 The level could be
 
increased if desired but this would add cost and introduce 
an
 
excess of ingredient that might have detrimental environmental
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effects such as on water quality. Omitting it entirely would
 
introduce the high probability of mold growth in non-sun exposed
 
portions of a roof.
 

The process oil is added at a level sufficient for complete
 
wetting of all the bagasse surface. Additional oil would only
 
reduce the strength of the overall product, and less 'han 3.5%
 
would introduce difficulties into the manufacturing process.
 

The pigments can be of any type that have good hiding power and
 
provide the desired color. 
 Their level could be reduced to as
 
low as 3% without any detrimental effect to the roofing mate
rial except for color density and durability.
 

There is the possibility that lower cost liquid phenolic resins
 
could be used in this material system. The water portion, of
 
the phenolic resin however, would have to be completely removed
 

adding to processing costs.
 

Modifications to this formulation for interior building mate
rials that are 
subject to less severe environmental conditions
 
can be projected and are discussed separately. Wood residues
 
can be partially substituted for bagasse, if desirable.
 

3.1.1.3 Process
 

The process requiring only a few relatively simple and established
 
steps is unique in that itmakes use of a generally available piece

of rubber compounding equipment to process whole bagasse into a
 
usable form. The Banbury refined bagasse, plus pigments, is dry

blended with phenolic resin powder and molded into dense panels.
 

The process for making the dense, bagasse-reinforced phenolic
 
comprises the five primary steps shown in Figure 8. 
The first
 
step, intensive mixing, 
is the most critical, and technically
 
the most complex, but uses existing facilities and technology.
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Whole Oil Pigments and 
Bagasse Stabilizer 

Banbury Type I
 
Intensive MixingJ
 

Ove Drying 

Dry Blend with 
IPhenolic 	 Resin 

Compression
IV 	 Molding 

TrimmingV V Cutting and 

Roofing Shingle 

Figure 8. 	The process for preparing the bagasse-reinforced
 

phenolic composite roofing material requires only
 

a few, well-established steps.
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The second and third steps are simple drying and blending, where

in processed material is dried in an oven to remove all but 1% of
 

the moisture and is then blended with the dry phenolic powder.
 

Blending is continued until a uniform distribution of the phenolic
 

onto the dry processed bagasse is achieved. In the fourth step
 

a mold is filled uniformly with the dry molding compound and
 

pressure and heat are applied to activate the resin and form a
 

rigid panel or part.
 

In the first step, processing in a Banbury-type intensive mixer
 

(shown in Figure 9), the rather coarse, whole bagasse is ground
 
to a very fine particle size and the fibers are separated from
 

the pith. Oil is then uniformly distributed over the surface
 

of the fibers and pith by the mixing and shearing action ,f the
 

machine.
 

The oil coating eventually helps keep moisture out of the
 

system but, most important for the process, acts as a surface
 

tackifier to which the pigments, stabilizer, and the phenolic
 

resin physically attach themselves to the bagasse fiber. The
 

oil thus assures an even and wide distribution of phenolic
 

throughout the molding compound. The pigments and stabilizer
 

are added in the intensive mixer where they are similarly
 

distributed onto the bagasse. When the bagasse comes out of
 

the intensive mnixer it is red in color.
 

The Ban'ury-type intensive mixer can perform the various pro

cessing functionis simultaneously due to the very high shearing
 

forces that are generated. Water boils out of the system,
 

resulting in some pre-drying, due to the heat thus generated.
 

The system is under pressure generated by a hydraulic ram.
 

However, because the resin could possibly set up and fuse at
 

the high temperatures Generated, the phenolic powder is not
 
added at this stage (reaction with water is also possible and
 

undesirable).
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(a) 	View of bagasse being loaded
 
into hopper that is then
 
forced down into the mix 
chamber. 

(b) General view f nix charbe: 
(left), gear box, motor and 

controls for i -,;cund 

Figure 9. 	 Views of a .ah:or-itorv Eanbtury ty;-.. intensive shear mixer 
for prcces.i n: . nto usable form for the various 
roofing pr.u.. i tract the nature of the required
 

equipmrnt. 
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The oiled, pigmented, and stabilized bagasse is dumped from the
 
Banbury either directly into containers, or onto the floor and
 

then shoveled into containers such as plastic or burlap bags,
 
etc. 
 At this point the bulk density of the bagasse is approxi
mately 16 times higher than when it entered the Banbury. The
 

higher density is important for the compression molding step
 
where the lower volume is an advantage in filling a simple mold.
 

The processed bagasse is dried in an iir circulating oven at
 
100C (usually overnight) to reduce the moisture content to
 
below 1%. Upon removal of the bagasse from the oven, it must
 

be placed into containers (plastic bags) which will keep it
 
dry. If the bagasse is not kept dry, the water will boil out
 
*in the compression molding step, causing blistering and blowing
 

up of the panel upon release of pressure. Alternately, the
 
bagasse can be dried prior to Banbury grinding provided the dry
 
powder is then placed in closed moisture-proof plastic bags.
 

The third process step comprises measured addition and blend
ing the powdered phenolic powdered resin with the processed
 
bagasse. This can be done in a simple tumble blender, with a
 

spatula and bucket, or in a concrete mixer. The better the
 
mixing, the more uniform and dense the product will be. It is
 
at this stage that the powdered phenolic resin sticks to the
 
processing oil at the bagasse surface. This dry molding com

pound must also be kept sealed to prevent the pick up of
 

moisture prior to molding.
 

The final processing step involves compression molding of the
 

loose molding compound. Because of the high resistance to
 
flow characteristics of th-s particular molding compound, con

fining type ccmpression molds are not required. Only a top
 

and bottom caul plate (preferaZi- aluminum) which have been
 

treated w:th a specific mold release agent, Moldwiz EQ-6, 
are
 

used.
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Achieving the proper charge and distribution of ingredients to
 

the mold is facilitated by the use of a simple removable ,1/4
 

inch thick frame that is slightly larger than the part to be
 

molded.
 

The mold is filled by dumping the molding compound uniformly
 

inside the frame onto the bottom caul sheet as shown in Figure
 

10. It is then distributed within the mold frame by hand
 

using the sharp edges of spatulas and a vibrating motion. Uni

form distribution of this material is highly important for
 

making a good part and preferably would be done in a more
 

mechanized manner in any scaled-up process. After leveling
 

the molding compound, the frame is removed and the top caul
 

sheet is placed over the material.
 

The molding compound, sandwiched between the caul plates, is
 

inserted into a press preheated at 290F and at least 300 psi
 

pressure is applied. The actual cure time for the phenolic
 

resin, once it is heated to 2901F, is less than 60 seconds.
 

However, heating of the panel usually takes longer, especially
 

since the heat must travel through the bagasse, which is a
 

relatively good insulator. Accordingly, cure cycles of 15
 

minutes are routinely utilized. It is expected that in mechan

ized plant operations cycle times as short as 2 minutes would
 

be practical.
 

Routinely, a bumping process consisting of releasing the pressure
 

and opening the press slightly after about one minute of heating,
 

and immediately reclosing the press and applying the 300 psi pres

sure, was used to accommodate the expulsion of moisture and/or
 

condensation products that may be present in the molding compound.
 

This moisture and,'or cases, if not expelled, could result in
 

blistering of tne zanel %inon reletse of pressure once the cure
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(a) 	Layup of the compound in a
 
laboratory mold.
 

(b) 	 Compound layed up in a
 
2.5 ft x 9 ft mold at
 
Standard Building Products.
 

(c) 	Layup of the compound into
 
double shingle molds at 
Ghana Rubber Products.
 

Figure 10. 	 The process steps f)r the BRP ccmposite material zan be 
done on a srmall laborator-/ scale, or using larger high

volumne prcduction facilities.
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is complete, because paths for expelling these gases would not
 

exist in the properly densified panel.
 

After the cure cycle the part and the caul sheets are removed
 

from the press and separated by lifting them apart. The
 

roofing panel is separated from the caul sheet by the combi

nation of the specific mold release agent, Moldwiz EQ-6, and
 

the rapid cooling and shrinkage of :he aluminum caul plates,
 

which forces mechanical debonding. Note: Phenolic resins are
 

excellent adhesives. Accordingly, no deviation from the use
 
of the Moldwiz release agent, in combination with the aluminum
 

caul plates, should be introduced without intensive study to
 
assure a similar reliability. Deviations could result in
 

cementing the press platens together.
 

This process results in dense, durable panels very similar in
 

appearance to a Formica high pressure laminate. They can be
 

cut to appropriate size for forming into a roof. Shingles
 

can be made from the larger panels simply by cutting with hand,
 

band, or circular saws. The blades of these saws should be
 
quite sharp and be operated at relatively slow speeds to prevent
 

spalling or breaking away of surfaces at the cut edge.
 

This process was used to make flat roofing panels like those
 

shown in Figure 11, which were used as shingles to make a
 

built up roof. Corrugated panels or panels of other shapes
 
could also be fabricated similarly. However, this was not done
 

since corrugated caul sheets, or flexible caul sheets which
 

could be laid Into a corrugated mold would be necessary and
 

could not be made available within the time and dollar restraints
 

of the program. Piocess details would also have to be worked
 

out in a plant scale. Molds are discussed in Appendix J.
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A (a) 2.5 ft x 9 ft panels as 
... they 	came from the press at
 

Standard Building Products 
(SBP). 

(b) 	26 in. x 52 in. shingles
 
cut 	 fron. larger panels 
at SBP.
 

(c) 	 21 in. x 21 in. panels 
which were manufactured 
and cut into 10 in. x20 in. shingles by
 
hana Rubber Products. 

Figure 11. 
 Flat BRP roofing panels were manufactured and cut into
 
shingles using the dove'oped process.
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3.1.1.4 Cost Projection for Ingredients
 

The cost for materials alone are projected as 12 cents per square
 
foot. Selling prices for roofing shingles or panels are projected
 
to be 3 to 4 times these material costs.
 

The breakdown in cost for the various ingredients is shown in
 

Table III for the fire-retarded, lowest cost BRP formulation
 

(based on 1976 dollars and costs). The material considered
 

to indigenous to Jamaica, Ghana, and the Philippines is the
 

whole bagasse, the cost of which is taken as the cost of an
 

equivalent amount of fuel oil. However, where bagasse is
 

presently available in excess, it is being sold at a fraction
 

of that cost and, in fact, in many cases, has a negative cost
 

in the sense th-t it is considered a waste product which must
 

be disposed of. The price shown would need to prevail to
 

justify,use of bagasse in a roofing product in competition
 

to alternative applications such as fuel, cattle feed, bagasse
 

board, etc.
 

Liquid and solid phenolic resins are manufactured locally in
 

the Philippines by two companies from indigenous formaldehyde
 

and imported phenol.
 

Some of the other ingredients also exist in commerce in Jamaica,
 

Ghana and the Philippines. These include the process oil, pig

ments, and phenolic powder. However, for the most part, they
 

require some foreign exchange and therefore were not considered
 

indigenous in this analysis.
 

Prime objectives of this R&D program were to reduce both the
 

absolute cost and the foreign exchange component of the entire
 

roofing system in the participating countries. These, in
 

combination with t fact that roofing must be competitive with
 

alternatives on a cost-per-square-foot basis, were controlling
 

factors in the effort.
 

50
 

* MONSANTO RESEARCH CZRPORAT,.% * 



Table III
 

PROJECTED MATERIALS COST FOR BAGASSE-REINFORCED
 

PHENOLIC (BRP) COMPOSITION(a)
 

Ingredient 
Cost Formula Component Cost 

Ingredient (US$/ib) (lt) (US$/lb) 

Milled whole bagasse 0.014 61.0 0.0092
 

Phenolic power 0.38 30.0 0.1140
 

Preservative 0.42 0.05 0.0002
 

Process Oil 0.15 4.0 0.0060
 

Pigments 0.35 5.0 0.0175
 

Total 0.1469
 

Equivalent Panel Thickness (b) : 0.12 in.
 

Panel Weight: 0.84 lb/ft 2
 

Material Cost(c) - 12 US¢/ft 2 

(a)1976 data
 

(b)Corrugated 0.10 inch panel
 

(c)Selling price projected at 3 to 4 times this cost.
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The percentage of imported raw materials costs, including phenol/
 
formaldehyde imported at "world prices", for the BRP System is
 
78%. Since the imported materials represent only 40% by weight
 
of the system, the high 78 percent is a result of the counter
 

balancing by the very low cost of the indigenous bagasse.
 

The selling price for the roofing should be in the range of 3
 
to 4 times that of the basic materials costs. This factor
 

includes the processing (which industrial experience shows
 
would be expected to be about equal in cost to the raw mate

rials), sales and administrative expenses, and profit. Using
 
an average 3.5 multiplier to achieve the sales price for the
 
BRP roofing, the foreign exchange requirements represent 27% of
 
the selling price. The remaining 73% value in the roofing
 
material would be added in the country manufacturing it. Over
capacity in the required equipment for the process exists in
 
all three participating countries. This provides for immediate
 

implementation of such manufacturing, with little added capital.
 
Only molds of to be determined size and shape compatible with
 

existing presses are needed.
 

The major expense in the BRP system is the phenolic molding
 

powder. It is expected that with proper process development
 

much lower cost liquid phenolic resins could be utilized. The
 

cost of the molding compound could be reduced by as much 4t/lb,
 
which would reduce the materials costs from 12¢/sq ft to 9¢/sq
 

ft (based on 25C/lb liquid phenolic resin). Such a refinement
 
could possibly take place in a future development program work

ing with specific manufacturers. The costs discussed do not
 
include importation duties and restrictions of the various
 
governments. It is assumed that these can be minimized and/or
 

eliminated for government sponsored housing applications, if
 
deemed advisable by the participating countries.
 

While all of the costs will inflate with time, and have been 

especially dynamic for the past five years, no costs contained
 
in the formulation are expected to escalate disproportionately
 

with projected inflationary factors or have any projected
 

availabIlity problems over the next few decades of time.
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3.1.2 Bagasse Reinforced Hard Rubber (BRR) Composite
 

Aoofing Material
 

The bagasse-reinforced hard rubber (BRR) composite roofing isa
 
durable, water resistant, tough, lightweight, low thermal capa
city, panel system that can be formed into a variety of shapes.

Itisamenable to normal carpentry techniques and can be installed
 
by nailing.
 

The BRR roofing product is a rigid, tough, dark red panel that
 

can be molded into flat, corrugated, or other roofing element
 

shapes. It can be nailed, drilled, cut, sawed, etc. for
 

installation of a roof.
 

The outdoor durability of this roofing product has been very good,
 
as determined both by accelerated weatherometer exposure and out
door exposure in Jamaica, Ghana, and the Philippines. In about
 

the first 60 days a very thin top surface layer that is rich in
 
the natural rubber resin binder degrades and erodes away changing
 
the surface from a glossy to a dull finish and exposing some fiber
 
surfaces. This degradation of the fully exposed resin binder was
 
both expected and considered desirable because it imparted a dull
 
finish to the roof, consistent with usual acceptable alternative
 

roofing.
 

Durability was judged qualitatively on the parels exposed in the
 
weather,meter for up to 5000 hours 
(4000 hours of intense sun,
 
mingled with 1000 wet/dry cycles) and with one square foot panels
 

mounted on exposure racks in Jamaica siace May 1975 and in Ghana
 

and the Philippines since September 1975. This exposure is
 

illustrated in Figure 12.
 

The mechanical characteristics of the BRR roofing product are
 

shown in Table IV. Results are for the initial conditioned
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(a) Panel under exposure at
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Table IV
 

'
 
PHYSICAL PROPERTIES OF BArASSE-REINFORCED HARD RUBBER(a b)
 

Following(c)
 
Initial Exposure
 

Flexural Properties
 

Strength, psi 4,500 -


Modulus, psi 400,000 -


Tensile Properties
 

Strength, psi 3,000 2,900
 

Durability
 

Weatherometer - 5000 hours
 

Outdoor - Jamaica since May 1975
 
Philippines since Sept. 1975
 
Ghana since Sept. 1975
 

Density, lb/ft 3 60
 

(a)Process: Banbury melt blending, sheeted on mill roll,
 

compression molded at 500 psi and 325*F.
 
(b)Flexural - ASTM 790; tensile - 638; rate - 0.05 in./min.
 

(C)Tensile strength following 1000 hours of weatherometer
 

exposure with cyclic UV (carbon arc), water spray,
 
temperature, and humidity.
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material and following 1000 hours of weatherometer exposure with
 

cyclic UV (carbon arc), water spray, temperature and humidity.
 

The tensile strength retention of 97% was considered excellent.
 

Test specimens of the BRR composite completely immersed in water
 

for periods of up to 7 days gained less than 0.1% moisture by
 
weight and lost this water after a few days of drying. The
 

material has a relatively low specific gravity of 'l.l, a low
 

thermal capacity (ability to retain heat) and an insulating
 

quality superior to that of metal roofing. In panel form, with
 
a thickness adequate for a roofing shingle (approximately 0.1
 

inch), it has a weight of approximately 0.6 pound per square
 

foot. Thus, 4 ft x 8 ft panels can be handled readily by one
 

person.
 

The roofing material is tough and therefore can be nailed
 

without cracking. Using commercially available roofing nails
 

with large heads, panels can withstand the tensile and shear
 

forces introduced from wind loading and thermal expansion and
 
contraction, as illustrated by results generated in roof demon

strations discussed later.
 

Two formulations exist for the BRR roofing product, one of which
 

is fire retarded. The non-fire-retarded composition offers the
 
advantage of lower cost. The fire-retarded composition was
 

shown to be slow burning in lab tests where it was ignited with
 
an external source. Thus, when properly installed, flame spread
 

across the roofing would be generally acceptable.
 

Burning characteristics will be highly dependent upon the nature
 

of the roofing panel, roof design, installation, etc. and there

fore would need tc be quantified under specific projected condi
tions. Generaiza-:ons should not 1e made. However, char would
 

be formed upon burning, and dripping of hot plastic would not be
 

expected, as illustrated in the laboratory burning tests.
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The roofing panels have a degre of compliancy when hot (N1500F)
 

and therefore can be bent around large radius simple curves.
 

This feature allows the material to fit to specific roofing
 

substructures, minimizing sealing problems.
 

3.1.2.1 Composition
 

The bagasse-reinforced hard rubber (BRR) composite consists of
 
a well known and established, durable hard rubber formulation
 
historically used in battery cases, but with an unexpectedly
 
high level of low-cost whole bagasse. Additives are used to
 
obtain a desired degree of fire retardation.
 

Shown in Table V is the formulation for the BRR roofing com

posite material on both a percent by weight basis and parts by
 

weight (based on 100 parts of natural rubber, a format typically
 

used in the rubber industry).
 

The system is made up of three basic parts: (1) components of a
 

hard rubber matrix material, (2) constituents needed to intro

duce a level of fire resistance, and (3) the fillers (both to
 

reduce costs and increase durability and toughness).
 

The hard rubber component includes natural rubber (shown in
 

Figure 13), which is indigenous in the Philippines and Ghana,
 

sulfur, stearic acid, zinc oxide, stabilizer, and accelerator.
 

Sulfur is used to crosslink the natural rubber into a rigid
 

state. The sulfur reaction is promoted by the accelerator,
 

which specifically was Monsanto's A100 accelerator. Stabilizers
 

are used to prevent degradation during thermal curing of the
 

rubber and also to prevent oxidation during long-term outdoor
 

exposure. The stabilizers used were Monsanto stabilizer Flectol H,
 

zinc oxide, and stearic acid.
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Table V
 

BAGASSE-REINFORCED HARD RUBBER ROOFING FORMULATION
 

Weight
 

Ingredient (Parts) (Percent)
 

Natural rubber 100 20.5
 

Sulfur 46 9.4
 

Chlorinated paraffin 42 8.6
 

Stearic acid 1 0.2
 

Zinc oxide 1 0.2
 

Dry whole bagasse 265 54.2
 

Iron oxide pigment 15 3.0
 

Magnesium oxide 15 3.0
 

Stabilizer 0.25 0.05
 

Accelerator 1.5 0.31
 

Pentachlorophenol 0.1 0.02
 

Antimony oxide 2.5 0.51
 

Chlorinated paraffin - Chlorowax 80, Diamond
 

Shamrock Company
 

Iron oxide pigment - Mapico *477, Cities Service Co.
 

Stabilizer -Monsanto's Flectol !!rubber stabilizer
 
or equivalent
 

Accelerator - Monsanto's A-100 rubber accelerator
 
or equivalent
 

Antimony Oxide - fire retardant grade
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WAI...° 

(a) 	 Natural rubber that is 
grown and processed in 
Ghana and the Philippines.
 

F~ 

*. - .. 	 ,"- -
• 

(b) Moldinq compound contain
ing the natural rubber 
binder, curinq and 3tabi
lzing 3dd-tIve3 and 55% 
whole batasse. 

Figure 13. The .' rcofin; 3 7h indigjenous content in Ghana 
and 	 -he .Ia:.;,d on its natursl rubber binder 

and 	ba,;azt; f:-,11r.
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Rubber systems normally include a processing oil which provides
 

a variety of benefits. Among them is reduced cost. In the fir
 

retarded formulation the oil is a low cost chlorinated paraffin
 

(40% chlorine). The oil also aids in making the rubber flexible,
 

tough, and compatible with the filler.
 

Antimony oxide (Sb203) is an additive known for its quality of
 

improving the fire resistance of plastics and rubbers. It per

forms a variety of functions. One is assisting in the forming of a
 

char layer to the surface of the material once burning is initi

ated. The char reduces further propagation of the fire. It is
 

for this purpose that the antimony oxide was included in the
 

formula, but its effect in this system is considered to be
 

marginal, depending on the exact conditions of ignition, heat
 

flux, etc.
 

The fillers consist of dry (less than 1% moisture), clean, whole
 

bagasse as received from a cane sugar mill, pigments, and a
 

fungicide. Red was deemed to be a highly satisfactory color fo
 

roofing, and therefore an iron oxide pigment, Mapico Red No. 477,
 

produced by Cities Service Company was used. In this fire

retarded formulation containing the chlorinated paraffin oil,
 

magnesium oxide was substituted for a portion of the iron oxide.
 

The magnesium oxide acts as a pigmert but more importantly,
 

prevents degradation of the system during high temperature
 

processing since it acts as a neutralizer for the HCl generated
 

from the chlorinated oil.
 

The pentachlorophenol is incorporated to prevent biological
 

action on the bagasse, natural rubber, or residual sugars. The
 

toxic pentachlorophenol is not water-soluble and therefore
 

would not be extracted from the molded material when wet, thus
 

not be present in any rainwater run off.
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3.1.2.2 Composition Latitude
 

The bagasse-reinforced hard rubber composite formulation was
 
optimized to perform in a roofing application anid have a
 
reasonable level of fire resistance at low cost. 
 It,however,
 
can 
be tailored to some extent, offering an even lower-cost
 
but less fire-resistant alternative.
 

In contrast to the bagasse-reinforced phenolic composite, con
siderable latitude is available for modification of the BRR
 
formulation. The optimization of the BRR involved maximizing
 
the utilization of bagasse and minimizing the cost of the system.
 
Even though the bagasse, acting as a fibrous reinforcement,
 
toughens the composite, the amount could be reduced to 130 parts
 
based on 100 
parts of natural rubber, while still maintaining
 
mechanical rigidity. The penalty would be cost rather than
 
mechanical performance. The nailability of the panel might also
 
be reduced slightly, which would result in spalling around nail
 

holes during installation.
 

The lowest cost formulation possible is illustrated in Table VI.
 
This recipe, however, has poorer fire resistance because of the
 
use of a high fuel content processing oil. The degree of fire
 
resistance required for roofing depends on 
the specific appli
cation. All roofs will burn, or 
lose their integrity, under
 
some set of fire conditions. The non-fire-retarded BRR roofing
 
formulation would provide mechanical performance and durability
 
equal to that of the fire retarded formulation. Its use, how
ever, is left up 
to the discretion of the manufacturers, builders,
 
and housing code formulators.
 

The low-cost BRR composite roofing formulation ingredients 
are
 
identical to those of the fire-retarded formulation, except that
 
a rubber processing oil is substituted for the chlorinated
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Table VI
 

LOWEST COST BAGASSE-REINFORCED HARD RUBBER ROOFING
 

COMPOUND FORMULATION
 

Weight
 

Ingredient (Parts) (Percent)
 

Natural rubber 100 21.1
 

Sulfur 41 8.6
 

Processing Oil 36 7.6
 

Whole bagasse 265 55.9
 

Pigment 27 5.6
 

Steatic acid 1 0.2
 

Zinc oxide 1 0.2
 

Stabilizer 0.25 0.05
 

Accelerator 1.5 0.3
 

Pentachlorophenol 0.1 0.02
 

Processing Oil - Any processing oil used in tire
 
manufacture. Sundex 790, Sun Oil
 
desirable.
 

Pigment - Maoico 4477 red iron oxide,
 
Cities Service Company
 

Stabilizer - Flectol H, Monsanto Company 

Accelerator - A-100, Monsanto Company 
or equivalent. 
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paraffin oil, no antimony oxide is included, and magnesium oxide
 
is not necessary. Additionally, a slightly lower amount of
 
sulfur is required to cure the natural rubber.
 

Additional latitude exists in formulating of the BRR formulation
 
in the following respects. First, the natural rubber can be of
 
any grade usually available in commerce, and need not be of the
 
quality normally required for automobile tires. Second, a
 
variety of chlorinated paraffins 
can be used in the system
 
Those having chlorine contents greater than 40%, however,
 
caused severe difficulties in processing at 325 0 F. Finally, the
 
stabilizer, Flectol H, could probably be reduced in quantity as
 
time and experience in the processing and long-term outdoor
 
durability are better quantified. At this time it is recommend
ed that the stabilizer not be changed.
 

A curative accelerator, Monsanto's A-100 type, was found to be
 
the only one of a number of accelerators or combinations tried
 
that provided the desired degree of cure at any temperature.
 
Future work in this area could be productive, especially in re
ducing process temperatures and times, which presently are the
 
major negative factor in this system.
 

The fungicide should be of the water insoluble type such as
 
pentachlorophenol, and will perform at concentrations 
as low
 
as 
0.05 part per hundred based on manufacturers data. Higher
 
levels could be used with added cost to 
the system but with no
 
major benefits except possibly very long-term retention of
 
efficacy. Similarly, the level of antimony oxide could be
 
reduced by 50% or doubled, but the savings, 
or benefits would
 
probably not be cost effective. After more extensive fire
 
testing, especially under realistic roof simulating conditions,
 
it may be found that the antimony oxide could be eliminated.
 
However, tests should be performed before any action to reduce
 

the concentration is taken.
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The above technology is based on common processes used in
 

rubber formulating, which are well established around the
 

world. Accordingly, those skilled in the art may reformulate
 

to better satisfy locally existing conditions and material
 

availability. This may be done as longas the rationale for
 

use of the various ingredients is well understood and substi

tutions introduce no primary or secondary processing or per

formance problems.
 

Importantly, it is possible, by reducing the sulfur content,
 

to produce a flexible rubber sheet that can be cured at lower
 

temperatures and/or shorter molding cycles. The flexible rubber
 

sheets, would require larger amplitude corrugations to permit
 

covering reasonable spans, and more extensive supporting sub

structure. However, the economic advantage of a 50% reduction
 

in oress cure time might make this alternative attractive.
 

This option should be evaluated.
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3.1.2.3 Process
 

The BRR process requires only a few relatively simple and well
established steps routinely used in rubber manufacturing indus
tries throughout the world. An intensive mixing step is unique

in the result that is acheved, but not how it is done,, Molding
 
temperatures are about 35 F higher than are usual 
in commercial
 
rubber processing. This difference is attributed to the
 
presence of the bagasse filler.
 

The process for making the dense, bagasse-reinforced hard rubber
 
material comprises the four primary steps shown in Figure 14.
 
The second step is the most critical, and technically the most
 
complex. 
The second, third and fourth steps require significant
 
capital equipment which, however, is routinely available in the
 
rubber manufacturing industry. The first step requires only
 
oven drying of whole bagasse to remove moisture and packaging it
 
so that moisture is not reabsorbed prior to process step II.
 
The calendering step (III) converts the material from large
 
chunks into a continuous sheet which is then cut, laid into
 
molds, and run through a pressure/ temperature cycle to ir
reversibly cure it into a hard form (step IV).
 

The first step, that of oven drying the whole bagasse, is most
 
important to rid the material of all moisture prior to compounding.
 
Even though compounding is conducted in step II at temperatures
 
well above the boiling point of water, it is very difficult and
 

expensive to remove water at that point. 
 The consequences of
 
not removing the water are that in the molding stage, also done
 
above the boiling point of water, steam will be generated which
 
will cause blistering and/or blow up the panel on release of
 

pressure.
 

Oven drying should be conducted on the whole bagasse until
 

moisture contents are reduced below 0.1%, based on the dry
 

65
 

V CNSANO0 RESEARCH4 CORPORATCN 



Oven Orying 
Whole BagasseI
 

II 8aninury Type 

intensive Mixing 

III 
Rough 

Clendering 
Sheet 

IV Compression 
Molding 

Durale Roofing Shingle 

MOLDING COMPOUND PREPARATION FABRICATION OFSHEETAND 
MOLDIlIG OFSRUCTURAL PANIES 

Natural Oryed Whole 
Rubber Bagasse Adltlves lagase Renforced 

Natural Rubber 
Moldng Compound 

Addto 8anouryI 

Infers ve Mixer Calencer or 

IMold atLow Teriiealure 

Flux, Blend, Chop,I 
Lay Up PreformedFibrillate, Dewater 
Sheets into Mold 

Dujmpfrom Mixer old wit Presiurel 
aid Choo and Temoersurf 

lagssse Reinforced 

Natural Rubber Molding Compound 	 Djrale Roofing Panel 

Figure 14. 	 Process outline for making dense, bagasse-reinforced
 
hard rubber (BRR) material shows four primary steps.
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weight of the whole bagasse. The equilibrium moisture content
 

of bagasse is about 20%, while bagasse as it comes from the
 

sugar mill process contains equal parts of water and bagasse.
 

Accordingly, it is advisable to reduce the moisture content
 

from the 50% down to 20% by storing it under ambient outdoor
 

conditions. After the bagasse is dried, it will have less
 

tendency to pick up water. However, it can recapture water to
 

the 20% level and therefore must be packaged in waterproof bags
 

and/or used immediately upon remcva! from the oven. The other
 

ingredients should also be dry, but this is usually not a problem
 

if the materials are kept in their original containers.
 

The second step, processing in an intensive mixer, accomplishes
 

a variety of functions, both expected and unexpected. Expected
 

are the excellent, intimate blending of all of the materials
 

together into a homogeneous mass, some reduction in size of the
 

bagasse, and removal of water. Temperatures as high as 250-300OF
 

are generated purely by the mechanical action of the intensive
 

mixing, even though cold water is run through jackets in the
 

Banbury mixer.
 

Temperatures as high as 3251F were achieved when mixing large
 

batches in manufacturing scale Banbury mixers. In such cases
 
it was advisable to not add the sulfur and/or the accelerator to
 

the product in the Banbury mixer until it cooled, or to delay
 

their addition to the calendering stage.
 

The unexpected function of the Banbury type intensive mixer was
 

its ability to reduce the bagasse to very small bundles of
 

fibers and to separate the pith from the fibers. These compon

ents were simulatneously compounded into the natural rubber
 

matrix. This intimate compounding provided much greater rein

forcement capability by the bagasse and allowed the incorporation
 

67
 

*MONSANTO RESEAiRCp -_qPORAT CN 0 



of much more bagasse on a volume basis, than is usually allowed
 

for cellulosic fillers in rubber.
 

The processing oil or chlorinated paraffin oil is well distri

bu4 d over the bagasse as a result of the mixing, and it also
 

assists in making the bagasse compatible with the natural rubber,
 

thhs allowing the very intimate mixing. The product from the
 

Banbury-type intensive mixing (step II) is homogeneous, red
 

blobs of material, with very little visible fiber. Advantage

ously, a mill roll is usually located directly beneath the Ban

bury mixer and is used to convert the hot "chunks" from the
 

Banbury into manageable sheets for handling and cooling. Other

wise, massive guillotine-type rubber cutting equipment is
 

required to cut the rubber chunks into smaller pieces.
 

The third step, calendering, shown in Figure 15, converts
 

the irregular, large lumps of roofing compound into a uniformly
 

thick, wide, continuous sheet that has almost the final desired
 

thickness and width for a roofing panel. Calendering consists
 

of placing the large chunks or sheets of compounded material
 

onto mill rolls (sets of from 2 to 4) which grab onto the
 

material, heat it some through mechanical action, and convert
 

it into a sheet configuration. Such sheets when formed at
 

moderate speeds have little residual stresses. This prevents
 

them from returning to their original shape. The product of
 

this process step is a roll of thin (0.13 in.), flexible rubber
 

sheet that can be trimmed with scissors or knives to fit into
 

any desired mold. The sheet is stable in this form until heated
 

to high temperatures, and it can be rolled up and stored almost
 

indefinitely and/or shipped to another site until it is cured
 

into its final form.
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(a) 	Calendering with a labo

ratory two roll mill at
 
near room temperature.
 

(b) 	Stripping of the flexible
 
formed sheet frcm the
 
laboratory calender.
 

(C) Calendering with a pro
duction two rol., ziill at
 
Ghana R b'ber Products.
 

Figure 15. Lumps of compounded BRR material are converted to 
a
 
flexible, dense, uniformly thick sheet by calendering.
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large scale processing it usually reduces handling problems
 

and eventually minimizes molded-in residual stresses in a
 

roofing panel which, if relieved non-uniformly, could cause
 

warping. This third step is therefore highly recommended for
 

the preparation of material, even in the laboratory stage. A
 

limited amount of additional material can also be compounded in
 

at this stage (such as the sulfur and accelerator). This con

trolled addition of curing ingredients may offer advantages to
 

the manufacturer, such as increased storage stability for the
 

intermediate product.
 

The final process step also shown in Figure 15 is compression
 

molding at elevated temperatures and pressures. In this final
 

step, the flexible calendered sheet is laid into a mold, that
 

can be flat, corrugated, or any other desired shape. Pressures
 

in the range of 300 to 500 psi are applied, and the materials
 

are heated to at least 3251F. This temperature must be main

tained for approximately 30 minutes to cure the rubber into a
 

relatively hard state. Temperacures of less than 3251F and
 

times of less than 30 minutes are not acceptable. Higher
 

temperatures and longer times were also not allowable or ad

vantageous. Higher temperatures were a disadvantage for the
 

fire-retarded formulation, because decomposition of the
 

chlorinated paraffin oil could take place.
 

It may not be necessary to cure the rubber to the rigid, hard
 

rubber stage. Either flat rubber shingles or larger amplitude
 

corrugations may permit a flexible formulation to be used. This
 

would require revision of the formulation (e.g., use of less
 

sulfur) but would permit shorter, more economical curing cycles.
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3.1.2.4 
 Cost Projection for Ingredients
 

Costs for materials alone, including no processing, are projected
to be 9 cents per square foot for the fire-retarded BRR composite
and 7 cents per square foot for the lowest cost system. Sales
prices for the roofing shingles or panels are projected to be
three to four times these material costs.
 

A breakdown in costs for the various ingredients is shown in
 
Table VII for the fire-retarded and in Table VIII for the lowest
 
cost BRR formulations (based on 
1976 dollars and costs). The
 
situation for the Philippines where natural rubber is available
 
at about 20/lb (even as low as 18¢/lb), is illustrated. 
 In
 
Ghana the world market price of about 40¢/lb prevails due to
 
existing, but artificial, controls. 
 Costs for material pro
duced there would differ accordingly.
 

Materials considered to be indigenous 
to both the Philippines
 
and Ghana are 
the natural rubber and the whole bagasse. The
 
cost of the bagasse is taken at 
its fuel oil equivalent, since
 
it can be used as a fuel. However, where bagasse is presently

available in excess, it is being sold at 
a fraction of that cost
 
and, in many cases, has a negative cost in the 
sense it is
 
considered a waste product that must be disposed of. 
 In the
 
long term, however, the higher price would need to prevail to
 
justify its 
use in the roofing product in contrast to 
alternative
 
applications such 
as 
fuel, cattle feed, bagasse board, etc.
 

Some of the other ingredients already exist in 
comnerce in 
the
 
Philippines and Ghana, especially the Philippines. However, for
 
the most part they require some 
foreign exchange and therefore
 
were not considered indigenous in 
this analysis. The original

objective of the overall program was 
to reduce costs compared
 
to alternate roofing materials 
(e.g., corrugated gal.vanized iron).
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Table VII
 

MATERIALS COST FOR BAGASSE-REINFORCED HARD RUBBER ROOFING
 

Ingredient 
Ingredient US$/Ib 

Natural Rubber 0.20 

Sulfur 0.05 

FR Process Oil 0.30 

Whole Bagasse 0.01 

Pigments 0.35 

Additives 0.96 

Eq. Panel Thickness: 


Panel Weight: 


Material Cost: 


Formula 
Wt % 

Component Cost 
US$/lb 

20.5 0.0410 

9.4 

8.6 

54.2 

6.0 

0.0047 

0.0258 

0.0054 

0.0210 

1.29 0.0214 

Total 0.1103
 

0.12 in.
 

0.84 lb/ft 2
 

9 US¢/ftl
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Table VIII
 

MATERIALS COST FOR LOWEST COST BAGASSE REINFORCED HARD RUBBER
 

Ingredient Formula Component Cost
 
Ingredient US$/lb Wt % -US$/lb
 

Natural Rubber 0.20 21.1 0.042
 

3ulfur 0.02 8.6 0.002
 

Processing Oil 0.15 7.6 0.012
 

Whole bagasse 0.014 55.9 0.008
 
Pigment 0.5 5.6 0.028
 

Additives 0.8 1.2 0.010
 

Total 0.102
 

Eq. Panel Thickness: 0.12 in.
 

Panel Weight: 0.6 lb/ft 2
 

Material Cost: 7 US¢/ft 2
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Minimizing the foreign exchange costs also was of interest,
 

while retaining a competitive absolute cost per square foot.
 

The percentages of cost of imported materials alone, based on
 

only total materials cost, are respectively 58%, and 51% for
 

the fire-retarded and the lowest cost compositions. These
 

percentages are remarkably low considering the indigenous
 

materials are so very low in cost and represent 75% by weight
 

of the formulations.
 

The sales cost for the roofing is projected to be in the range
 

of 3to 4 times that of the basic materials cost. This factor
 

includes the processing cost (normally expecteJ to be about
 

equal to the cost of raw materials) plus sales and administrative
 

expenses and profit. Using an average 3.5 multiplier to achieve
 

the sales prices for the two types of roofing, the imported
 

materials cost then represents 17% and 15% of the sales prices,
 

respectively. The remaining 80 to 85% value in the roofing
 

material would be added in the country manufacturing it.
 

Over-capacity in the required equipment for the process exists
 

in the Philippines and Ghana providing for the immediate im

plementation of such manufacturing, with little added capital.
 

Because of the formulating latitude allowable, as discussed in
 

Section 3.1.2.2, it can also be anticipated that substitutions
 

for various ingredients could help in reducing costs even
 

further. That can only be achieved with time as experience is
 

gained by the manufacturers, the demands of the market place,
 

and the controls set by the governments. These costs do not
 

includ,. importation duties and restrictions of the various
 

governments. it is assumed they can be minimized and/or
 

eliminated for overnment-sponsored housing applications,
 

if deemed advtsable by the participating countries. While all
 

of the prices will Inflate with time and have been especially
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dynamic for the past five years, none of the materials in the
 
formulation is expected to escalate in cost disproportionately
 
with projected inflationary factors, and none has any projected
 
availability problems over the next few decades of time.
 

75
 

* MONSANTO RESEARCH CORPORAT "N 0 



3.1.3 	 Bagasse-Reinforced, Durable Thermoplastic (BRT)
 

Composite Roofing Material
 

The bagasse-reinforced, durable thermoplastic (BRT) composite roof
ing material is a relatively simple system with respect to the
 
number and nature of the components. It uses established pla:tic
 
compounding and forming processes. Its appearance and outdoor
 
durability are very good. It is similar to the bagasse-reinforced
 
hard rubber composite roofing material with respect to processing.
 
It is a highly water resistant, lightweight, low thermal capacity
 
panel system that can be formed into a variety of roofing shapes.
 

This roofing product is a rigid, tough, dark red panel that can
 

be molded into flat, corrugated, or other roofing element shapes.
 

It can be drilled, cut, sawed, etc. for installation of a panel

type or shingle roof. It is botn moisture resistant and water
 

resistant. Nailab7.lity, however, is marginal and will depend
 

on the type of nails and the thickness of the panel since the
 

prcduct is hard and tough. Small diameter steel nails might
 

work with 0.1 inch thick panels.
 

The outdoor durability of this roofing product was very good as
 

determined both by accelerated Weatherometer exposure and out

door exposure in Jamaica, Ghana, and the Philippines. Either of
 

two alternate thermoplastic matrix or binder materials can be
 

used in this product, ABS or SAN (see Table IX) with near equal
 

results. The outdoor aging properties of these panels are
 

slightly better than those of the alternative BRR material. The
 

thin top surface layer, which is rich in resin binder, was de

graded and eroded away in the first 90 days. This resulted only
 

in changing the surface from a glossy to a dull finish, which
 

wis expected and considered generally desirable with respect to
 

appearance. In spite of this minor amount of controlled erosion,
 

the fibers did not become exposed.
 

Durability was judged qualitatively on the panels exposed in
 

5000 hours (4000 hours in intense sun,
the Weatherometer up to 


mingled ;ith 1000 wet/dry cycles) and with 1 square foot panels
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Table IX
 

MECHANICAL CHARACTERISTICS AND DURABILITY 
 OF BAGASSE R. INORCED 
DURABLE THERMOPLASTIC COMPOSITE ROOFING MATERIALS 

WITH ALTERNATIVE BINDERS (a) 

Initial Following Exoosure (d)
 
Flexural c) Tensile(d) 
 Tensile/lOO8 hr Tensile/430 hr
 

(b) Str. Modulus Str. Modulus Str. 
 Modulus Str. Modulus
 
Binder (psi) (103 psi) (si) (103 psi) 
 (psi) (103 psi) (psi (103 osi)
 

SAN 6400 1230 4000 960 
 3900 942 3900 930
 
ABS 5400 1110 4200 
 970 4200 940 4600 960
 
PS 5650 1265 3400 1067 1650 500 3100 
 1000
 

(a)Melt-compounded, resin-bonded, bagasse-reinforced composite.
 
Process: 
 Banbury melt blending, grinding to molding compound, compression


molding at %500 psi. Molding temperature 400OF for SAN and 375*F
 
for ABS.
 

(b)SAN - styrene acrylonitrile.
 
ABS - acrylonitrile butadiene styrene.

PS - polystyrene, shown as reference.
 

(c)AST 0790 - flexural, D638 - tensile, rate 0.0.5 in./min.
 
(d)Tensile strength following either 430 hours of intense UV or 
1000 hours of
 

weathercmeter exposure with cyclic UV (carbon arc), 
water spray, temperature
 
and humidity.
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mounted on exposure racks in Jamaica since May 1975 and in Ghana
 

and the Philippines since Septembe: 1975.
 

The mechanical characteristics of the BRT roofing product are
 
shown in TableDX for the two alternative SAN and ABS binders.
 

Also, for comparison purposes, data are given for the product
 

made with just polystyrene as a binder. Results are for the
 

initial conditioned materials and following either 1000 hours of
 
Weatherometer exposure with cyclic UV (carbon arc), water spray,
 

temperature and humidity, or 430 hours of intensive UV at 740F
 

and 50% relative humidity.
 

Rention of tensile and flexural strength and modulus was greater
 

than 97%. What could happen if a less desirable matrix were
 

used in this system is illustrated by the data for the poly

styrene (PS) binder. In this case, over half of the tensile
 

strength and modulus were lost following the Weatherometer
 

exposure. The fact that this degradation was much more severe
 

than that shown for the intense UV was due both to the longer
 

exposure time and to the presence of water and moisture. The
 

water wicked into the bagasse fibers, which then swelled and
 

thus accelerated the degradation of the composite. That this
 

did not occur with the SAN or ABS binders was highly significant
 
and could be partly attributed to the great affinity of the
 

SAN and ABS for the bagasse fiber.
 

Test specimens of the BRT composite completely immersed in water
 

for periods of up to 7 days picked up less than 1.0% moisture by
 

weight and lost this water after a few days of drying. In this
 

respect it was very similar to the BRR material. The material
 

has a specific gravity of approximately 1.1, a low thermal
 

capacity, and an insulating quality superior to metal roofing
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when formed in a thickness adequate for a roofing shingle
 

(approximately 0.1 in.). It has a weight of less than 1 pound
 

per square foot and standard panels readily can be handled by
 

one person.
 

A composite with one of the high rubber grade ABS binders has a
 

potential for nailability which does not exist with the SAN
 

matrix. However, the slightly shorter expected life, and higher
 

cost, could make ABS less attractive than SAN as a binder.
 

The fire resistance of this type material was not determined.
 

It is not, however, expected to be outstanding. As with the
 

natural rubber system, additives could be used to obtain a fire

retarded material.
 

3.1.3.1 Composition
 

The bagasse-reinforced durable thermoplastic (BRT) composite is
 
basically a simple, filled thermoplastic. It is unique, however
 
among filled thermoplastics in containing 60 volume percent of
 
a filler. With respect to the number of ingredients, it is
 
indeed the simplest of all developed materials. Two alternative
 
binders are available and dried whole bagasse is the preferred
 
filler.
 

The formulation for the BRT roofing composite material is shown
 

in Table X, on both a volume and weight basis. Volume because
 

this indicates the relative effect of the ingredients on the
 
mechanical characteristics of the composite. Weight because
 

this is the basis for formulating and determining costs in manu

facturing. The BRT formula is almost identical to that of the
 
BRP material except that a thermoplastic binder takes the place
 

of the combination of a thermosetting phenolic binder and a
 

processing oil. The density of the thermoplastic resin is
 

approximately 20% less than that of the thermosetting resin.
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Table X
 

COMPOSITION OF BAGASSE-REINFORCED DURABLE PLASTIC MATERIAL(a)
 

Percent
 

Ingredient (b) Volume (c) Weight 

SAN or ABS binder 35 26.7 

Whole bagasse 60 63.2 

Dry ground clay 3 4.9 

Iron oxide pigment 2 5.2 

Pentachlorophenol 0.05 0.06 

(a) Melt-compounded, resin-bonded, bagasse fiber-reinforced com

posite.
 

Process: 	 Banbury melt blending, grinding to molding compound,
 
compression molding at ",500 psi. Molding tempera
ture 400'F for SAN and 3750F for ABS.
 

(b)SAN - Monsanto LNA 21 or equivalent.
 

ABS - Monsanto LNI 780 or equivalent.
 
Whole bagasse - dried to \,20% moisture, but weights based on
 

dry material.
 
Clay - brick grade ground to 420 mesh.
 
Extender oil - Mapico red #477, Cities Service Company.
 

(C)Determined experimentally from specific gravities of:
 

SAN - 1.02 bagasse n-1.4, clay -2, iron oxide ",5. 
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The thermoplastic binder can be either SAN 
(styrene/acrylonitrile)
 
or ABS (acrylonitrile/butadiene/styrene) and is the matrix which
 
is the continuous phase in the system providing the strength,
 
toughness, durability, rigidity, surface appearance, and water
 
resistance. 
The primary difference between composites made with
 
ABS or SAN is in nailability. 
 The ABS binder is a rubber-modified
 
rigid thermoplastic. 
 It is tougher and more readily nailable.
 
The SAN binder is more rigid and hard. 
 Therefore, driving a
 
nail through it without causing brittle fracture is very diffi
cult. 
 If it were used, nail holes would have to be "molded in"
 
or drilled.
 

The advantages of SAN over ABS are that lower temperatures are
 
required for processing, it has an expected longer outdoor life,
 
and it was recently slightly lower in cost. 
 If this type of
 
system were to be exploited, it is suggested that research be
 
conducted and the various benefits weighted to select the most
 
appropriate thermoplastic binder. 
This was not done in this
 
program because the alternative composite systems were consid
ered more appropriate for demonstration due to available plant

facilities and projected better long range cost benefits.
 

It originally had been anticipated that lower cost polystyrene
 
could be used as a binder in this system when combined with
 
minor amounts of relatively expensive stabilizers. The poorer

aging and rapidly escalating price of polystyrene, however,
 
ruled out this material in favor of the SAN and ABS thermo
plastic binders. SAN and ABS inherently have superior outdoor
 
aging properties and are commercially available in grades that
 
contain the necessary stabilizers to protect against exterior
 
environments.
 

The whole bagasse is multifunctional in the composition. 
First,
 
it replaces 60 volume percent of the binder, thus increasing
 
the relative amount of both indigenous and low cost materials.
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Second, and important to the economics of the system, is the
 

fact that whole bagasse, as it comes from the sugar mill, is
 

used. A large portion (60-80%) of the bagasse is fiber. Thus,
 

it acts both as a filler and as a reinforcing element. This
 

reinforcement is reflected in retention of rigidity, improve

ment in impact resistance, and minimal loss of strength, in
 

tension or flexure. The remaining portion (20-40%) is pith.
 

The pith contributes by improving melt flow during processing
 

and by filling the spaces between the fibers that otherwise
 

would require binder.
 

The incorporation of clay in the composite is an extension of
 

the beneficial function of the pith in processing. The clay
 

also assists in filling in the space between the oriented
 

fibers and provides an internal "mechanical lubricant" that
 

aids in the processability of the composite.
 

The iron oxide pigment shields the binder from the external
 

environment, especially the ultraviolet component of sunlight.
 

It also provides color. It functions because it is highly
 

compatible with the thermoplastic binders. The clay and pith
 

also contribute to this "hiding" effect.
 

A preservative (pentachlorophenol) is present at a level of
 

approximately 0.1% (based on the bagasse) to prevent biological
 

degradation of the bagasse and residual sugars. The existing
 

outdoor exposure test specimens intentionally did riot include
 

a preservative, in order to accelerate the aging effect. Even
 

so, no mold growth or other problems were observed. It is
 

recommended, however, as with the other systems, that the pre

servative be retained to inhibit growth in certain high humidity/
 

low sunlight areas.
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3.1.3.2 Composition Latitude
 

The bagasse-reinforced durable thermoplastic composite formulation
 
was developed to perform in 
a roofing application, but was not
optimized to a given set of criteria. 
Accordingly, the latitude
must be narrowed to provide an optimized system. Options should
then be made available based on this specific tailored formulation.
 

The advantages of two alternative binders, SAN and ABS, are
 
explained in the previous section. 
Others might also be con
sidered by those skilled in the art taking into account the
 
results generated and reported in the first two years of this
 
program. 
The binders should be limited, however, to thermo
plastics that are processable at less than 425*F 
(thus preventing
 
degradation of the bagasse) and that have established outdoor
 
durability (either alone or 
stabilized with additives).
 

The amount of whole bagasse could be reduced to improve the
 
thermoplastic processability of the system, but with obvious
 
penalties to the economics and some 
loss of toughening, especi
ally with the SAN binder, which is relatively rigid and brittle.
 
There is also a possibility that bagasse pith, the residue from
 
a bagasse board operation, could be substituted for the whole
 
bagasse. 
 The pith actually contains a quantity of small fiber
 
bundles that might provide sufficient mechanical performance,
 
but some loss in tensile, flexural and impact properties would
 
be expected. Such a substitution would be more advantageous
 
where this pith presently exists as 
a waste product.
 

Latitude exists in the use 
of the clay and iron oxide pigments.
 
One of these could be completely substituted for the other, if
 
compatability were maintained to allow wide and uniform dis
tribution throughout the thermoplastic matrix. Additional
 
experimental work would be needed to verify a correspondence,
 

however.
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The risk of altering the amount of preservative has already been
 

discussed. The type of preservative could be altered, if judged
 

advisable if based on actual performance, cost, and availability.
 

Even though this system has a high degree of water resistance, it
 

is recommended that water soluble preservatives not be considered
 

due to possible environmental hazards (especially where rainwater
 

is collected from roofs for human consumption). The incorporation
 

of fire retardants might be advisable from a performance view

point. Both would require a separate study and would most
 

probably impact the absolute and foreign exchange cost negatively.
 

3.1.3.3 Process
 

The process requires only a few relatively simple and well-estab
lished steps routinely used in thermoplastic comoounding and
 
manufacturing industries throughout the world. An intensive
 
mixing step similar to that for the BRR material is unique only
 

in the result that is achieved and not how it is done. The melt
 

flow characteristics of the system are poor, due to the high
 

filler loading. Therefore, thermoplastic forming techniques are
 

limited to calendering and compression molding.
 

The process for making the dense, bagasse-reinforced durable
 

plastic comprises the four primary steps shown in Figure 16.
 

They are identical, except for details, to that for the bagasse-


One practical difference in manufacturreinforced hard rubber. 


ing is that whereas Banbury type intensive mixers are nearly
 

always used in rubber compounding, they have been found to be
 

used less in thermoplastic compounding in the manufacturing
 

facilities in participating countries.
 

As with the BRR system, the second step, Banbury-type intensive
 

mixing, is the most critical and technically the most complex.
 

The second, third, and fourth steps require the availability of
 

are routine to the plastic
significant capital equipment, but 
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' Oven Drying 
Whole Bagasse 

Heated Banbury TypeL,
Intensive MixingL1
 
Rough


III Calendering
 
Sheet 

Thermal Cyclic

IV Compression
 

Molding
 

Durable Roofing Shingle 
Figure 16. 'our primary steps are shown in the process outline
 

for making the bagasse-reinforced durable thermo
plastic (BRT) material.
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manufacturing industry. The first step requires only oven dry

ing of whole bagasse to remove moisture, and packaging it so
 

that moisture is not reabsorbed prior to process step I. The
 

calendering step (III) converts the material from large chunks
 

into a continuous sheet. In step IV the sheet is then cut, laid
 

into molds, and run through a pressure-heating/cooling cycle to
 

form and rigidize it. As a thermoplastic, however, it can re
versibly be reformed upon the application of heat and pressure.
 

The first step, drying the whole bagasse, is important to rid
 
the material of all moisture prior to compounding. In contrast
 
to the BRR system, however, some water can be boiled out in the
 
second step and/or some water can remain in the system without
 
introducing the consequent blistering and/or blow up of panels
 

in the molding stage. As will be shown, with the thermoplastic
 

it is necessary to cool the formed panel well below the boiling
 
point of water before release of mold pressure. Any water would
 
be condensed and thus would be less of a problem. In spite of
 
these advantages of the process, it is recommended that moisture
 

contents be reduced to below 0.1% in an initial oven drying
 
since any water encapsulated in the roofing panel could have
 
long-term detrimental effects, especially when roofs reach the
 
readily attainable temperatures of 1501F or higher. Wet bagasse
 

is also less compatible with thermoplastic binders, introducing
 

mixing problems.
 

The second step, Banbury-type intensive mixing, is again the key
 
to the production of this roofing material. The process taking
 

place is called melt compounding. A number of processes occur
 
simultaneously. These include: (a) Fluxing, (b) blending,
 

(c) chopping, (d) fibrillating, and (e) dewaterina.
 

Fluxing involve> raising the temperature of the binier to above
 
its glass tran ition temperature to render it a ;iscous fluid.
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Blending involves separating, distributing and dispersing the
 
ingredients. Chopping involves reducing the size of the bagasse
 
filler. Fibrillation involves further separation of the bagasse
 
into smaller fiber bundles by physical breakdown of the pith
 
that holds these fibers and fiber bundles together. Dewatering
 
involves the boiling out of residual moisture by the application
 
of relatively high temperatures to continuously re-exposed
 

melted surfaces.
 

The importance of the melt compounding is that one piece of
 
equipment is used to process all of the ingredients of a formu
lation. The result is a material, known as a molding compound,
 
that can be melt-formed by a variety of standard plastic process
ing techniques. It can be granulated and fed into a variety of
 
plastic prozssing equipment, or it can be left in large chunks,
 
direct from the Banbury intensive mixer and dropped to heated
 

rolls.
 

The third step involves the conversion of the irregularly shaped
 
molding compound into a roughly dimensioned continuous sheet.
 
This can be done using a calender (3 or 4 rolls), or a two roll
 
mill. Heat is required on both the calender and the mill. 
 This
 
is usually achieved with high pressure steam, but some thermal
 
energy is generated due to the work going on 
in the system. As
 
long as temperatures are maintained below the degradation point
 
of the bagasse (450*F), heating is not a problem. This is in
 
contrast to a similar stage for the BRR material where elevated
 
temperatures could induce premature curing of the system.
 

Conversion of the molding compound into a sheet by extrusion,
 
i.e., by forcing the melt through a die, is 
not practical due to
 
the very high filler loading and the relatively poor flow char
acteristics of this formulation. To achieve an extrudable
 

87
 

e MONSANTO RESEARCH CORPORAT7CN 



compound the resin content would have to be increased to the
 
level of 
60-70 volume % which of course, in this specific appli
cation, negates the value of the system.
 

The fourth and last of the primary process steps is compression
 
molding. This step differs from a similar step in the 
BRR
 
alternative system, with respect to the necessity for thermal
 
cycling. This 
is due to the nature of the matrix material, a
 
thermoplastic that softens upon heating and rigidizes upon
 
cooling. 
 This is in contrast to a thermosetting binder, which
 
becomes irreversibly rigid at elevated temperature by chemical
 

reaction.
 

The compression molding step consists of placing the calendered
 
sheet, or 
even irregular shapes of the compound, onto a caul
 
sheet 
(a thin mold plate), inserting a simple forming frame,
 
and enclosing with a second caul sheet. 
 All of the metal mold
 
surfaces should be coated with a good thermoplastic release
 
agent, such as a silicone. 
 This mold is then placed into a
 
hydraulic press, where contact pressure is 
first applied, then
 
heat, and finally an elevated pressure.
 

In the 
case of molding the ABS binder, temperatures of 350OF 
are
 
adequate, but for the SAN binder, temperatures of at least 400°F
 
must be reached. Pressures are usually on 
the order of 300 psi,
 
but 500 psi is preferable. 
The final step in forming the part
 
is to cool it in 
a mold to a handable temperature, usually less
 
than 100"F.
 

The compression mold can be 
flat, corrugated, or any other
 
desired shape. Since the flow of 
this type of molding compound
 
is 
poor, it must be distributed evenly throughout any given
 
mold. 
This low flow, however, is advantageous hecause it allows
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simplification of the molds. Corrugated molds would not need
 

to have confining sides.
 

After the part is removed from the mold it can be used as is or
 

trimmed to the desired size. When the SAN binder is used, it
 

would be necessary to drill holes for placement of nails due to
 

the very high strength and rigidity of the product. Panels
 

made with the ABS binder can be nailed.
 

3.1.3.4 Cost Projection for Ingredients
 

Costs for materials alone, not including processing, are projected
 
at 14 cents per square foot. The price for roofing shingles or
 
panels are projected to be 3 to 4 times these materials costs.
 

A breakdown of costs for the various ingredients is shown in
 

Table XT, for the BRT formulations (based on 1976 dollars and
 

cost). Ingredients considered to be indigenous to all three
 

participating countries are the bagasse and clay.
 

The cost of the bagasse is taken at its fuel oil equivalent,
 

even though it is presently, and probably will for sometime, be
 

available at a fraction of that cost. In the long term, how

ever, the higher price would need to prevail to justify its use
 

in the roofing product in contrast to other alternative uses.
 

The thermoplastic binders and pigments exist in commerce in the
 

three participating countries, however, for the most part, they
 

require some foreign exchange and therefore were not considered
 

indigenous in this analysis.
 

The sales cost for the roofing would be about 3 to 4 times the
 

basic materials cost. This factor includes the processing cost
 

(normally expected to be about equal to the cost of raw mate

rials), plus sales and administrative expenses and profit.
 

89
 

* MONSANTO RESEARCH CORPORATON 



Table XI 

PROJECTED MATERIALS COST FOR BAGASSE-REINFORCED DURABLE
 

PLASTIC (BRP) COMPOSITION(a)
 

Ingredient Cost Formula Component Cost
 
Ingredient (US$/lb) (Wt %) (USS/Ib) 

SAN binder 0.50 27 0.135 

Whole bagasse 0.014 63 0.009 

Iron oxide pigment 0.50 5 0.025 

Ground clay 0.01 5 0.001 

Total 0.170 

Eq. Panel Thickness (b): 0.12 in.
 

Panel Weight: 0.85 lb/ft 2
 

Projected Material Cost (C ) 14US¢/ft 2
 

(a) 1976 Data 

(b) Corrugated 0.1 inch thick panel
 

(C) Selling price projected at 3 to 4 times this cost.
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Using an average 3.5 multiplier to achieve the sales price for
 
the roofing, the foreign exchange requirements then represent
 
29% 
of the sales price. The remaining 71% value in the roofing
 
material would be added in the country manufacturing it.
 

Because of these percentages, this system is less attractive
 
than the other three systems. 
 Only the excellent durability and
 
water resistance salvage this system as 
a potential alternative.
 

These remaining costs would not be free from foreign exchange
 
requirements, which would need to include capital, equipment,
 
and fuel. However, it is expected that this foreign exchange
 
requirement would represent, at most, an additional 20% 
of the
 
sales price. Facilities, when modified to operate at higher
 
temperatures, 
are available to handle such materials in the
 
Philippines and Ghana.
 

Not much latitude is available in reformulating that would allow
 
any significant reductions in costs of the system. 
While all of
 
the prices will inflate with time, and have been especially
 
dynamic for the past five years, 
none contained in the formula
tion 
are expected to escalate disproportionately with projected
 
inflationary factors, and none have any foreseeable availability
 
problems over the next few decades of time.
 

It is possible that the entire sheet forming process could be
 
achieved in the calendering step alone. Trimmed hot sheets from
 
the calender would be cut to 
length and rigidized by cooling on
 
a flat (or corrugated) surface. This 
type of process could
 
effect considerable cost reduction (if successfully demonstrated)
 
by eliminating the expensive compression molding step.
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3.1.4 	 Phenolic Bonded, Oriented Bagasse Fiber (BOB) Composite
 

Roofing Material
 

The phenolic-bonded, oriented bagasse fiber (BOB) composite roofing
 
material 'ncorporates the most indigenous material of any of the
 
four developed roofing systems. It has great long-range potential
 
as roofing and as a general, very low cost material of cotistruction.
 
This product differs advantageously from the other alternative
 
materials in that a very low cost structural panel is first made
 
and then secondary treatments are added to make the system more
 
water and fire resistant.
 

This roofing product is a rigid, textured, light-colored
 

panel that is visibly quite different from the other three
 

alternatives. It has been made in the form of both flat and
 

corrugated panels that can be nailed, drilled, cut, sawed, etc.
 

as needed for simple installation.
 

The outdoor durability of this roofing product has been very
 

good, as determined both by accelerated Weatherometer exposure
 

and outdoor exposure in Jamaica, Ghana, and the Philippines.
 

The panel consists basically of a thin, porous structural element
 

that is impregnated with waterproofing agents, and preservatives,
 

and coated with a reflective paint film.
 

In the outdoor exposure studies, conducted on both the treated
 

and the plain structural elements, excellent retention of
 

properties was indicated. The only change in performance of the
 

treated panels was a slight loss of gloss, resulting in a dull
 

aluminum finish that occurred in about six months. The unex

pected good outdoor nerformance of untreated nanels continued
 

with the only indication of any shortcominq beina initiation
 

of mold growth after about one year of outdoor exnosure.
 

Durability was judged qualitatively on the panels exposed in the
 

Weatherometer for up to 1000 hours (800 hour intense sun mingled
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with 200 wet/dry cycles) and with square foot panels, both
 
flat and corrugated, treated and untreated, mounted on exposure

racks in Jamaica since May 1975 and in Ghana and the Philippines
 
since September 1975, 
as shown in Figure 17.
 

This product is very different from the other three alternatives.
 
The key difference, which is a major contributor to the cost
 
effectiveness of the system, is that the structural strength and
 
rigidity is generated by a continuous matrix of oriented bagasse

fibers. 
 In the other three systems the bulk of the mechanical
 
performance is the result of the binder material which is a
 
continuous phase surrounding the bagasse that is used to extend
 
or dilute the resin.
 

While the roofing panel consists essentially of bagasse, it is
 
obviously distinctive from available and known commercial bagasse

boards, that have a poor reputation for exterior use, in four
 
major ways.
 

The first difference is density. 
When examined on a volume
 
basis, ordinary bagasse board will have up to 50 volume percent

of air, implying that it is very porous. 
 The roofing composite
 
on the other hand, has less than 10% 
free space and that is
 
filled with waterproofing ingredients. 
The density of bagasse
 
board is approximately 35 
lb/cu ft, while the density of this
 
material is 70 lb/cu ft.
 

The second factor distinguishing the roofing panels from bagasse
 
board is 
the absence of pith, which assures bonding of indi
vidual bagasse fibers 
or bundles together. Pith is a very low
 
strength, non-fibrous material that contributes nothing to the
 
mechanical performance of 
a board. It also attracts and soaks
 
up binders, thus causing the binder to be concentrated on 
the
 
low strength pith, rather than on high strength fibers.
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(a) Painted flat panel after 
one year exposure in 
Ghana showing no changes. 

S . .. ,.. . .I 

(b) 	Treated corrugated and flat
 
panels after at least one
 
year exposure in Jamaica
 
indicating only some deteri
oration of painted surfaces.
 

(c) 	Coimercial bagasse board,
 
that has urea/formaldehyde
 
resin binder and low density,
 
which has a generally poor
 
reputation for unintended
 
outdoor use.
 

Figure 17. BOB panels were expcsed as both flat and corrugated
 
panels in Jamaica, 3hana, and the Philippines for
 
more than two years.
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The third factor distinguishing the two materials is 
the orient
ation of the bagasse fibers. This significantly increases the
 
strength and modulus in 
a given direction. 
 It also allows bet
ter packing of fibers, providing the basis for the higher density

indicated above. 
This close packing minimizes free space within
 
the composite, reducing porosity and the amount of resin required
 
to completely bind all the fibers together.
 

The fourth factor distinguishing the roofing panel from commercial
 
bagasse board is after-treatment. 
This includes adding water
proofing, preservatives and surface treatments that render the
 
product usable in an outdoor environment. The roofing panel is
 
relatively thin 
(0.1 inch) thus the weight and cost of the treat
ment per square foot is kept low. 
At least 10 times as much
 
treatment material would be required for typical 0.5 inch thick
 
bagasse board because of both its greater thickness and free
 
space resulting in prohibitive costs. 
The untreated roofing

panel also has a high degree of water resistance; it will main
tain the necessary portion of its strength when wet, and will
 
recover its strength when redried. 
 In contrast, when commercial
 
bagasse board becomes wet it is usually irreversibly swollen
 
and destroyed. 
This is due to the type resin binder used.
 

The mechanical properties of the bonded, oriented bagasse fiber
 
composite without waterproofing, preservative, and surface
 
treatments are shown in Table XII compared to 
a similar thin
 
panel made with randomly oriented bagasse fibers. 
 Flexural
 
and tensile strength properties, initially, following immersion
 
in water for 48 hours (tested wet), 
and after redrying, are
 
shown.
 

That the fibers are oriented, and that improved strength and
 
modulus 
are actually achieved is illustrated best by the tensile
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Table XII 

MECHANICAL PROPERTIES OF THE UNPROTECTED BONDED, ORIENTED 

BAGASSE FIBER COMPOSITE MATERIAL(alblc) 

*(d) =(d) L(d) 

Flexural Strength (psi)
 

Original 3100 4700 1740
 
Wet 1500 1900 520
 
Dry 3000 4700 1700
 

Flexural Modulus (psi, 103)
 

Original 480. 600 250
 
Wet 200 330 95
 
Dry
 

Tensile Strength (psi)
 

Original 1780 5410 1130
 
Wet 600 1700 510
 
Dry 1700 5400 1100
 

Tensile Modulus (psi, 103)
 

Original 650 910 365
 
Wet 240 290 100
 
Dry 650 900 360
 

Water Pickup (%) 40 33 34
 

(a)Wet process, phenolic resin bonded, denithed fibril

lated oriented bagasse fiber-reinforced composite.
 
Process: bagasse fibers prepared with wet caustic
 
treatment to depith and beating to fibrillate, fibers
 
oriented in centrifuge, wet resin precipitated to
 
fibers, compression molding in pressure cycle at 300*F.
 

(b)Immersion in water for 48 hours. Tested wet.
 

(c)ASTM D790 - flexural, D638 - tensile, rate 0.05 in./min.
 

(d)*Unoriented bagasse fiber for reference.
 

fiber directioi
=properties measured with load parallel to 

fiber


.properties measured with load perpendicular to 

direction.
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properties measured both parallel and perpendicular to the fiber
 

direction and compared to the panel made from randomly oriented
 

fibers. The strength is improved nearly five-fold and the
 

modulus 2.5-fold. These properties are respectively 3 and 1.5
 

times those of the randomly oriented panel. The flexural proper

ties are affected by the orientation significantly, but to a
 

slightly lesser degree.
 

It is most important for the roofing application to observe that
 

following the exposure to total immersion in water and then
 

drying the flexural strengths and moduli where fully recoverable.
 
This indicated that no irreversible degradation occurred, such as
 

breaking of the bonds between the bagasse fibers and the adhes

ive binder. As expected, the added performance provided by
 

orientation was retained even when the samples were quite wet.
 

The water pick up is for the unwaterproofed panels and following
 

direct immersion (normally not encountered in a roofing situation)
 

in water for 48 hours. The pick up appears relatively high but
 

is significantly reduced by the waterproofing treatment which
 

introduces a time delay. Panels of the oriented boards were
 

actually boiled in water for periods up to 24 hours. These
 

panels remained dimensionally stable, visually showed no degrad

ation, and lost no more than 5% of their mechanical strength
 

upon redrying. This loss is acceptable for roofing since the
 

level of strength available is needed for handling and shipping
 

of panels rather than performance on the installed roof.
 

The fire resistance of the untreated oriented bagasse fiber
 

panels is "good". The material burns slower than most wood
 

panels of equal thickness and gives off little smoke or fumes.
 

When waterproofed by low cost asphalt impregnation, the fire
 

resistance is substantially less, however.
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Fire retardant additives can be incorporated, along with the
 

asphalt waterproofing to improve fire resistance. However
 

these add to the cost. Whether or not this is satisfactory
 

will need to be determined by local decision makers, and
 

naturally will depend on the specific application. It is
 

expected that a tradeoff between fire and water resistance
 

will need to be made as this product is further developed.
 

Another option, not investigated, would be to apply a thin,
 

dense coating of phenolic-bonded bagasse to the surface of
 

the oriented fiber panels. This would be a combination of the
 

raw materials from the BRP and BOB systems.
 

3.1.4.1 Composition
 

The phenolic-bonded, oriented bagasse fiber (BOB) comoosite
 
composition isnew and unique and fits between bagasse-type
 
particle board and bagasse-based paper with respect to degree
 
of refinement. Different is the nature of the baqasse from
 
which a large percentage of the pith has been seoarated with
 
only small fiber bundles remaining. Phenolic resin technology
 
that is well-known by the particle board and plywood industries
 
is utilized.
 

Shown in Table XIII is the formulation for the phenolic-bonded,
 

oriented-bagasse fiber roofing composite on a weight basis. It
 

is made up of four basic parts. The first are the components
 

that provide a strong, rigid structural board, The second are
 

the ingredients to waterproof and preserve it. Third are the
 

ingredients that provide outdoor durability. Fourth are the
 

ingredients that are necessary for use in the process but that
 

do not necessarily remain as part of the system.
 

The components that provide strength and rigidity are the pro

cessed bagasse and phenolic resin. Obvious are the high level
 

of bagasse (near 80%), and the very low level of phenolic resin
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Table XIII
 

BONDED, ORIENTED BAGASSE FIBER COMPOSITE FORMULATION
 

Ingredient 

Group 1 

Weight 

(%) 

Processed baaasse fibers 78.66 

Liquid phenolic resin 4.14 

Group 2 

Preservative 0.55 

FR waterproofer 

Asphalt 
Cl paraffin oil 
Organo phosphorus liquid 

2.04 
5.77 
4.21 

Group 3 

Aluminum surfaces 

Paint solids 
Sb203 

4.53 
0.10 

Group 4 

Alum (0.4) 

Sulfuric acid (0.2) 

Solvents (2.5) 

Phenolic Resin - Borden International Cascophen PA-2 
liquid resin 

Preservative - pentachlorophenol
 

Cl paraffin oil - Chlorowax C-70, Diamond Shamrock Co. 

Organo phosphorus liquid - Phosgard C22R, Monsanto Co.
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(near 4%), relative to the alternative systems, which utilize
 
60% and 30% of these components, respectively. This is the
 
primary factor in the cost effectiveness of the system on both
 
an absolute and foreign exchange basis. It ij significant,
 
however, that processed bagasse is required, so the advantage
 
of using whole bagasse is lost and the residual pith can not
 
be used for other applications without prohibitively costly
 

treatments.
 

The second group of ingredients retards the imbibing of water
 
and biological growth and/or decay in the bonded structural
 

panel. This group includes asphalt, chlorinated paraffin wax,
 
an organo phosphorus liquid compound, and pentachlorophenol.
 
The waterproofing agent must wet the bagasse fiber and the cured
 
phenolic resin so that the resin will deposit on the fibers and
 
spread uniformly to provide a water barrier. Additionally, the
 
waterproofer should fill all the free space within the structural
 
panel to prevent the entrapment or absorption of water. The
 
best (i.e., lower cost) single ingredient to perform this
 
function is asphalt. It, however, is easily ignited and contains
 
a high quantity of fuel, thus contributing poor fire resistance
 

to L: panel.
 

:wo other materials, a chlorinated paraffin wax and an organo
 
phosphorus compound, are also used. Both compounds add to the
 

fire-retarding effect,
 

The preservative, as with the other systems, is pentchlorophenol,
 
the level of which is based on the amount of bagasse. It is
 
used at a slightly higher concentration here, however, because
 
a larger surface area of bagasse is exposed and the average
 
moisture content of this system is expected to be higher.
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The outdoor durability and attractive surface appearance of the
 

panel are provided by a flake aluminum (or other colored) filler
 
in a durable acrylic paint. Antimony oxide is added to this
 
paint to produce a level of fire retardancy, both to the paint
 

itself and to the paint as a barrier between an open flame and
 
the waterproofed structural panel.
 

The last group of ingredients include reagents and solvents
 

used in the processing which do not end up in the final product.
 
The alum and sulfuric acid are used to precipitate the phenolic
 

resin from a water soluble state (where it exists as a salt) to
 
an insoluble state. Sulfuric acid alone may be used but pre
cipitatio-n, in combination with alum, adds a minor degree of
 
water resistance. The alum also causes some swelling of the
 

bagasse fibers in water which then allows better and more
 

uniform distribution of the phenolic resin in the bagasse.
 

The solvent in the formulation, toluene, was included to lower
 

the viscosity of the fire-retarded waterproofing ingredients so
 
that they could be applied by dipping. This solvent was then
 
evaporated and collected for reuse.
 

A final, very necessary part of the system, not shown in the
 
formula, is water. For every pound of product obtained, at
 
least 40-80 pounds of water are required in the process. Whil
this water was not recovered in the experimental work, it is
 

possible that in a continuous manufacturing process the water
 

could be recovered and a portion of it reused following a
 

purification step. This water would contain the pith from the
 
bagasse and would be slightly acidic. Thus it would have to be
 
treated and pith removed before discharge into a stream or
 

before reuse.
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3.1.4.2 Composition Latitude
 

The phenolic-bonded, oriented bagasse fiber composite formulation
 
was optimized to perform ina roofing application and have at
 
least a minimal level of fire resistance while retaininq its
 
low foreign exchange costs. A high degree of tailorability is
 
available, however, which, with some compromise of water and/or

fire resistance, would provide significant reduction of costs
 
of ingredients and processing.
 

In considering the latitude available in the recommended formula
 

toward retaining the bulk of its desired properties, the follow

ing is recommended. No less than 4% phenolic resin based on
 

its dry weight relative to the dry weight of the processed
 

bagasse, can be used without jeopardizing the outdoor mechanical
 

performance and durability of the system. Higher levels may be
 

used but would contribute little to compensate for the additional
 

costs. Any liquid phenolic resin with satisfactory shelf life
 

may be used. A urea/formaldehyde resin should not be used under
 

any conditions. Urea/formaldehyde resins will'not provide the
 
water-resistant bonding that is absolutely necessary for the
 

roofing product.
 

The amount of processed bagasse should be at least 75% by
 
weight of the composition. Less bagasse would be indicative
 

of a lower-density, less-structurally-sound panel. The pro

cessed bagasse should contain no more than 2% free pith.
 

The pentachlorophenol preservative should be at a level of no
 

less than 0.5% nor greater than 1%, (preferably 0.7%) by weight
 
based on the weight of the processed bagasse. It must be a
 

water insoluble type.
 

Latitude is available in the fire retarded waterproofer with
 

respect to decrease in the amount of asphalt. However, any
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decrease must be made up by added amounts of the chlorinated
 
paraffin or organo phosphorus compound, which would add 
a cost
 
penalty. Similar fire-retarded compositions could bi made
 
from other ingredients. They could be used if proven to pro
vide the same 
level of water and fire resistance.
 

The surface film providing the outdoor durability should be
 
based on acrylic and have a relatively low viscosity so that it
 
can be sprayed as 
a very thin film. Less material than that
 
shown would not cover the surface adequately and additional
 
material would add more 
non-fire retarded fuel. The level of
 
antimony oxide in the paint could be 
increased, but with little
 
added benefit, and decreasing it should be done based only on
 
evidence achieved from burning tests.
 

Four alternatives to the formula may be considered. 
The two
 
shown in Table XIV 
have a major benefit of very significantly
 
reducing the cost per square foot 
'f the roofing system. These
 
alternatives should be considered, however, only after due
 
regard is given to their negative aspects, namely, reduced fire
 
and/or water resistance.
 

In the first of these alternatives simple substitutions are
 
made for the fire retarded waterproofing agent and paint film.
 
In its place, plain asphalt is used as a waterproofing agent,
 
and a typical aluminized asphalt roofing paint is used as 
the
 
durable surface finish. 
A panel derived from such a formulation
 
will have equivalent water resistance to the recommended
 

formulation but would burn vigorously once ignited. A roof made
 
from such panels, if protected by a fire-resistant ceiling from
 
the inside of the house, might be considered. Otherwise the
 
relatively high surface area of available fuel (asphalt) would
 
make such a system inadvisable. Outdoor performance of this
 
system has been very good to excellent in Jamaica.
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Table XIV
 
TWO VIABLE LOWER COST ALTERNATIVES EXIST FOR AFTER-TREATING THE
 

BONDED, ORIENTED-BAGASSE STRUCTURAL PANEL. 
THESE ALTER-

NATIVES MAY BE CONSIDERED INDEPENDENT OF THE BASIC STRUCTURAL
 

ROOFING PANEL THAT IS THE SAME IN ALL CASES
 

ALTERNATIVE A
 

Waterproofed, Non-Fire Retarded Bonded Oriented-Bagasse
 

Composite Formulation
 

Ingredient 
 Weight
 

Processed bagasse 
 79.3
 
Liquid phenolic resin 
 4.2
 
Preservative 
 0.5
 
Asphalt waterproofer 
 12.0
 
Aluminized asphalt paint 
 4.0
 
Alum 
 (0.4)
 
Sulfuric acid 
 (0.2)
 

ALTERNATIVE B
 

Minimal Cost Bonded-Oriented-Bagasse Composite Formulation
 

Ingredient 
 Weight
 

Processed bagasse 
 86
 
Liquid phenolic resin 
 4.5
 
Preservative 
 0.5
 

Roofing paint 
 9
 
Alum 
 (0.4)
 
Sulfuric acid 
 (0.2)
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A second viable alternative for slightly less permanent roofing
 
exists in the second formulation shown in Table XIV. 
 In this
 
case the waterproofing is eliminated entirely and the burden of
 
preventing water penetration is provided by 
a thick, durable
 
roofing paint that seals the top side of the structural panel

and sheds the water. Since the structural panel itself burns
 
no more readily than wood, additional fire retardants would not
 
be required.
 

A key to this alternative is using a cost effective roofing
 
paint that will seal the top surface of the structural panel
 
and be durable with time. 
 One such paint already exists com
mercially. 
 It is known as Roofmaker (Plastifiber Formulations,
 
Inc., 
Miami Beach, Florida, or Mercedita, Peurto Rico), 
and
 
is being marketed in the Carribean and as 
well the United
 
States. This is 
an acrylic paint that is reinforced with
 
bagasse fibers. It is cream colored and shown in Figure 18.
 

While an extensive study on this paint was not made it has been
 
independently evaluated by Battelle-Columbus Laboratories. Ac
celerated weathering tests in 
a Weatherometer of this Paint on
 
the bonded oriented-bagasse composite has demonstrated it to
 
be an excellent performer. 
In any futul( investigation, this
 
particular formulation should be evaluated in more detail.
 

A third, lowest cost, alternative is to use the molded panels
 
"as is" 
without added waterproofing. A slightly higher resin
 
content might be used to 
further improve water resistance aid
 
wet strength. Fire resistance of this product would be gooH
 
and it would burn slowly, with little smoke or 
fumes, if
 
ignited. 
The main negative aspect of this otherwise attractive
 
alternative is 
the less generally acceptable unpainted tan
 
appearance of the 
exposed bagasse fibers. Durability up to 5
 
years may be expected, as illustrated in Figure 
18.
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(a) Corrugated panels painted 
with a thick bagasse rein
forced acrylic coating
 

- "before installation at the
 
Scientific Research Council
 
in Jamaica.
 

(b) Completely unprotected
 
corrugated panel after
 
two year outdoor exposure
 
in Jamaica. Only moderate
 
mold growth observed with
out any physical changes.
 

| (c) 	Unprotected and paint striped
 
flat panels after almost three
 
years exposure in Jamaica.
 
Severe black mold growth shown
 
on unprotected surface and no
 
mold on painted surface.
 

Figure 18. 	 There are 
several potential alternative treatments for
 
the BOB roofing material which can reduce its cost with
 
some compromise in durability.
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A fourth alternative would be 
to combine the materials for the
 
BRP system by applying a thin dense coating of a phenolic-bonded
 
powdered bagasse to the surface of the oriented bagasse fibers
 
during molding.
 

3.1.4.3 Process
 

The process for the phenolic-bonded, oriented baqasse fiber

composite material 
is the most complex of the various developed

alternative material systems. 
 This complexity could be handled
by a large manufacturing process or used to advantage in
a labor
intensive process in almost any scale operation. The process

is similar to others in finally requiring compression molding in
 a press, but differs in that an oriented bagasse panel is first

formed, which provides the structural characteristics of the
 
system. 
 This is then treated to provide the necessary durability.
 

A BOB composite roofing panel is manufactured in three primary
 
stages, as shown in Figure 19. 
 The first step is the prepara
tion of bagasse fiber, starting with whole sugar cane bagasse,
 
in a wet process. 
 The second stage, also a wet process, involves
 
depositing a phenolic resin binder onto the bagasse fiber,
 
orienting and forming these fibers into mats, laying up these
 
mats, and finally compression molding them into a structure
 
roofing panel. 
 At this stage, the final mechanical performance
 
and the shape of the panels are fixed.
 

The third stage is the stabilization of the structural roofing
 
panels by the application of treatments to provide waterproofing,
 
outdoor durability, and resistance to biological attack. 
 It is
 
at this stage that alternative formulations can be applied.
 
This provides more product versatility than exists with the
 
other candidate roofing systems.
 

Before proceeding with a discussion of 
the process details, it
 
is important to consider that the process was tailored around
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Sliv I Stage11 
BAGASSE FIBER 09EPARATION FABRICATION OF ORIENTED FIBER MAT PREFORMS 

Whole Bagse AND MOLDING OFSTRUCTURAL PANELS 
trom Sugar Cane 

Processed Blasso Fibers 

Dry Clp Slurry Fibers 
and Depth in Weler 

Dry Sepae Add Liquid 
byScrening Phenol]c Resin 

Water SO* w"s " I Pre tle ResintInto Fibers 

Wdt Depilin Form Unbonded 
and C Oriented Fiber Ma 

ClyDiffermnlial Shear 

Wet Separate 
byScreening l' Into MldJ Lay UPMis 

Clean Fibrillated Oepltled Mold Mit with 
Wet qasse Ris Pressure and TemperitureJI 

Structural Roofing Pael 

Ste III 
STABILIZATION OFTHE STRUCTURA. ROOFING PANE. 

Structural Roofing Panel 

Impregnae. with 
Peservatlves 

and 
Weler Proofing 

Agent 

Apply iterior 

Appearance Surface 

trmle Rofing Panel 

Figure 19. Three prinary stages are shown in the process
 
outline for making bonded, oriented bagasse
 
(BOB) fiber roofing panels.
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existing, easily obtainable, or projected available facilities
 
in the MRC laboratory and the participating countries. 
Accord
ingly, the most efficient techniques probably were not used for
 
manufacture of the experimental samples. 
Where possible, better
 
alternative processing steps will be mentioned for those consid
ering scale-up of the operation. 
 In any case, further develop
mental work should be conducted to validate those projections.
 

The first major stage, that of bagasse fiber preparation, com
prises five steps illustrated in Figure 20. 
 In the first two
 
steps the whole sugar cane 
bagasse is chopped and a portion of
 
the pith is broken away from the small fiber bundles. The
 
desirable fiber bundles 
are then separated from both the pith
 
and large bagasse pieces by screening. These first two steps
 
could be eliminated in the process. 
 However, it is 
more effi
cient to conduct this initial pith separation on a dry basis,
 
because it reduces requirements for process water and its 
fur
ther treatment.
 

The third step of the first stage is the soaking of the small
 
bagasse fiber bundles (approximately 1 inch long and 1/16 inch
 
diameter) to weaken the adhesive bonds between the pith and the
 
bagasse fibers. 
 It takes time for the water 
to soak into the
 
bagasse and weaken the pith. 
 However, an overnight soak without
 
agitation was 
found to be adequate. Agitation or 
minor addition
 
of caustic could be used to accelerate the breakdown where bulk
 
storage of the bagasse is 
not convenient.
 

The wet mass of bagasse is then exposed to 
severe beating and
 
shear in a vertical cutter mixer 
(various wet depithers could
 
also be used for this purpose). 
 This step is very similar to
 
the first step except it is done in 
a wet state, and therefore
 
causes much greater separation of fibers and pith. 
 The last
 
step in this stage is wet screening and washing of the bagasse
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(a) 	Wet whole bagasse contain

ing fibers bonded with pith.
 

(b) 	Frtrllac d fibers witn 
?it'- removed. 

Figure 20. 	 Whole bacasse must be defibrillated, separated and 
washed to end up with the desired bagasse fibers. 

1l0
 



pith from the fibers so that only clean, defibrillated, depithed
 

small bagasse fiber bundles reamin.
 

The second major stage comprises six processing steps in which
 

the clean processed fibers are converted into a structural
 
roofing panel which may be corrugated, flat, etc., as desired.
 

The second stage starts with slurrying the wet fibers into
 
water (about 20 pounds of water per pound of dry fibers). The
 
small individual fiber bundles in this slurry are separated by
 
stirring slowly. Then, a liquid phenolic resin is added and
 
distributed with a minor amount of gentle stirring.
 

The phenolic resin is then precipitated onto and into the
 
fibers by acidification of the solution. Acidification is
 
achieved by addition of the sulfuric acid and alum slowly
 
to the stirred slurry. The individual small fiber bundles,
 

then each contain a quantity of unreacted phenolic resin. Up
 
to this point, the process is not much different from wet hard
board manufacturing and is illustrated in Figure 21.
 

The next process step is the key to the performance of the
 
panel. It requires that the fiber be properly prepared as
 
described. The resin-impregnated fibers are aligned in 
one
 
direction and densified into a mat that can be handled. 
At
 
the same time most of the water is removed. All of these
 
functions are performed at once by dumping the slurry into a
 
centrifugal extractor (a ccmmercial spin dryer) containing a
 
very fine screen. The fine screen strains out the water at a
 

controlled, relatively slow rate, while retaining the fibers.
 
The centrifugal action causes a column of water to form in
 
which the fibers are suspended. These suspended fibers line
 

themselves up in the direction of the spinning action due to
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, * "(a) Clean fibrillated fibers are 

reslurried before addition 
" of the resin. 

in the form of a salt is
 
added to the fiber slurry 
and then precipitated onto ,

the fibers by acidification 
of the solution. 

(c) For orientation of the fibers 
3 dense screen which retards 
the water flow is placed in
side of a commerial water 
extractor (spin dryer). 

Figure 21. 	 Liquid phenolic resin is added to the wet processed 
bagasse fibersaefore he orienting step to achieve 
wide and uniform distribution. 
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differential shear. 
 When the column of water containing the
 
aligned fibers has been formed, the water is 
then forced out
 
through the 
screen by the centrifugal action. 
The screen is a
 
very important part of the system because it holds the water
 
column long enough for the fbers to align. 
Screening which
 
will provide the necessary retardation of water 
flow is readily
 
available. 
 It is a very tightly woven, hard fabric used in the
 
manufacture of paper and is referred to as a Fourdrinier fabric.
 

The mat forming step provides what is commonly referred to as 
a
 
"wet prepreg". The prepreg contains bagasse fibers with a high

degree of orientation, an un 
eacted resin, and a "solvent"
 
(water). These prepregs, which will be referred 
to herein as
 
mats, 
are too weak to be carried by themselves but can be
 
carried around on a supporting fabric or 
on the thin metal
 
screen used in the orientation step shown in Figure 22.
 

A number of these mats, prepared as described above, 
are then
 
laid up into molds of the desired configuration (flat, cor
rugated, etc.). 
 The molds musc be designed for heating and
 
pressure to the extent discussed below.
 

During the experimental effort mats 
as wide or as long as the
 
size of the panels desired could not be made 
(except for small
 
exposure plaques). 
 The mats however, 
can be laid up together
 
to form panels much larger than their individual size, but then
 
there is no structural support between the mat edges since
 
fibers do not fill this boundary layer. Accordingly, 
a pro
cedure was developed to bridge these gaps. 
 The procedure
 
consisted of first forming mats 
that contain only enough mate
rial for half the 
thickness of 
a panel. These half-thickness
 
mats were 
then laid down in a staggered fashion so that a
 
continuous portion of 
the mat alwavs covered any butt joints.
 
Although this procedure worked quite well, 
 it would be better
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P kx. 	 (a) The slurry is dumped into 
a spinning water extractor
 
where a standing column is
 
formed and the fibers line
 
up in the direction of
 
rotation.
 

(b) 	Water is removed from the 
mat by the centrifugal 
action of the extractor 

- . 

(c) 	The moist mats are sup
ported by a fabric: which
 
is used to remove it
 
from the extractor.
 

--	 1** . 

Figure 22. A key sten in 
'-e 3OB process is the orientation and

5zIultaneous 3ewatari.nq of the resin containing
bacasse fibers into a handleable mat preform. 
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to form mats that are at least as large as the final desired
 
panel, because hand layup work and chances for imperfections
 

would be reduced.
 

The final step in the second stage is the molding of the mats
 
in compression using pressure and temperature. In contrast to
 
the processes for the alternative materials, the mat is very
 
wet at this point, which is a benefit. Usually the molds are
 
part of the press and therefore can be preheated and remain
 
heated during the entire operation. In such a case, the mats,
 
rather than being laid-up in the mold, are 
laid onto a flexible
 
caul sheet and carried in the mold. 
 An ideal caul sheet for
 
this purpose is the Fourdrinier fabric previously mentioned.
 
When making corrugated panels this caul sheet must be flexible
 
so it can bend into the corrugations. It must also be strong
 
enough so 
that when pinched at the peaks of the corrugations it
 
can be stretched down into the corrugation without breaking.
 
Accordingly, simple, lightweight apparel fabrics would not be
 
adequate.
 

After charging the mold (which is at 270 to 290 0 F) with the
 
properly laidout mats, pressures of at least 300 psi are applied.
 
Upon the first application of pressure, as might be expected,
 
a considerable amount of steam is generated and ejected from
 
the sides of the press. To assist in venting this steam the
 
pressure is relieved from the press, held off for about 30
 
seconds, and then reapplied. This process stage is shown in.
 
Figure 23. A discussion on molds is contained in Appendix J.
 

During the generation of steam no curing of the resin occurs
 
since the steam itself will control the temperature at about
 
210"F. When the pressure is reapplied, however, and the mat is
 
heated to about 2757., the resin cures and 
the bagasse fibers
 
are compressed into a dense mass. The total heating cycle
 
ranges from 10 to 15 minutes depending upon the mass of the
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(a) W~ere the mats are not large 
or thick enough they are 
plyed together to fill a 
mold cavity using laps 
over any butt joints. 

(b) The laid up mats are con
tained between a strong, 
porous fabric that allows 
expulsion of water or 
stea and prevents later
al separation. 

tT' 

-• . _ 
. . 

(C) Pressure and temperature is (d) After a short cycle time 
applied in a hydraulic press 
of the tve used to make ply-

the rizidized hot part is 
removed from the press and 

wood to den Iv the mat Ind the fabric ceeled away. 

zure the resin. 

Figure 23. Resin :ontaining oriented bagasse fiber mats are laid
 
up to '.II a mo!2 and Pressed to form a dense panel 
and :ure tIe resin to a hard, rigid state.
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press, the mold and the amount of heat dissipated in converting
 

the water to steam. This cycle time can be reduced by some
 

predrying of the panels, but the bagasse should contain at
 

least an equal weight of water because this allows its com
pression under pressure and results in better packing and
 

higher densities.
 

Once the curing cycle is complete, the press is opened (while
 

still hot) and the structural panel removed. It then only
 
needs to be trimmed (with any type saw) to remove low-density,
 

nonuniform edges. The result is a structural roofing panel
 
that has all of the mechanical strength and rigidity that it
 
will ever attain. It may contain moisture which rapidly evapo
rates. Such a panel can easily be handled by one person,
 

stacked, shipped, and subjected to any of a variety of forces
 

without injury.
 

The third and final stage of the process for the BOB composite
 
roofing panel involves stabilization with additional materials.
 
These retard water from entering the bagasse, prevents biologi
cal degradation, and provides outdoor durability and an appropri
ate appearance. In the preferred composition, a fire-retarded
 

waterproofer and preservative are added at the same time from
 
solution. These materials are asphalt, chlorinated paraffin
 

wax, the organo phosphorus liquid, and pentachlorophenol.
 

The additive materials are dissolved in toluene. The panels
 
are dipped into and readily soak-up the solution. When the
 

panels are removed from the dip, the solvent evaporates, leav

ing behind the active ingredients. The concentration of the
 
ingredients in the solvent and the number of dippings can be 

control.led to a:'lv the cotlmum amount of material (which is 

designated i.nthe .cr lation described in a previous section). 
However, usually only one dip is required, as illustrated in 

Figure 24. 
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(a) 	 waterproofing is best intro
duced by dipping into a fire
retarded asphalt solution. 

(b) 	Solvents %:sed to fac~ilitate 
dipping are removed my air
 
drying.
 

-'A6 

A dae ........
ed asphalt
 
':ased pain.t is 30plied for
 
extericr apz~earance and
 
A-urabi....y.
 

.4au._ :4. 	 Water, i nd 'weat.her-ng resiztance is provided *-o t.ne 
BOB s tr'-,ct.ral aneo b di' .-in and/or Painting. 

i1s
 



At this point a waterproofed, stabilized, structural roofing
 
panel has been made. All that remains is to apply an outer
 
surface that is durable to the weather and provides the desired
 
appearance. Suggested is 
a fire-retarded flake aluminum filled
 
alkyl or acrylic paint. Spraying is necessary in order to mini
mize the amount used while achieving uniform coverage. The
 
addition of too much paint would adversely affect the fire
resistance of the panel since the paint itself is 
a fuel. Fire
retarded paints are commercially available, but they are
 
normally too expensive and lack sufficient outdoor stability to
 
be considered for this application.
 

The panels need only be painted on the side and edges to be
 
exposed to the weather. However, the bottom side can also be
 
painted if so desired, especially where this side will be the
 
interior ceiling of a structure. The 
last step of the process
 
is the drying of the paint. 
 The panel can then be handled in
 
much the same way as corrugated iron or aluminum panels, 
 It
 
will be much lighter in weight and much tougher than these or
 
equivalent asbestos cement roofing panels.
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3.1.4.4 Cost Projection for Ingredients
 

The cost of materials alone, not including processing, are projected
 
to be 12 cents per square foot for the fire-retarded BOB composite
 
and 6 cents per square foot for the lowest cost system. Sales
 
prices for corrugated roofing panels are projected to be 4 to 5
 
times these materials costs. The foreign exchange requirement for
 
resin for the structural panel alone is less than 2 cents per square
 
foot.
 

A breakdown of costs for-the various ingredients are shown
 

in Table XV for the fire-retarded and lowest cost BOB formu
lations (based on 1976 dollars and costs). The third alternative
 

BOB formulation, which is just waterproofed with a surface
 

paint, would cost about the same as the lowest cost asphalt
 

waterproofed and painted system (6¢ per square foot).
 

The material indigenous to Jamaica, Ghana, and the Philippines
 

is bagasse. The cost of the bagasse is taken at its fuel-oil
 

equivalent, since it can be used as a fuel. The cost for the
 
bagasse shown here is higher than for the alternative roofing
 

systems because only a portion of the bagasse is used and it is
 
assumed that the residue has no value. Again, where bagasse is
 

available in excess, it is being sold at a fraction of that
 
cost or is considered a waste product. In the long term,
 

however, this higher price must prevail. Phenolic resin is
 
presently manufactured in the Philippines and has been manu

factured in Jamaica, but still a significant portion of its
 

cost is in foreign exchange.
 

The selling price of the roofing is projected from industrial
 

experience to be in the range of 4 to 5 times that of the basic
 

materials cost. This factor includes the processing (normally
 

expected to be about iqual in cost to the raw materials, but
 
for this system is anticipated to be about double the cost of
 

the raw materials), sales, administrative expenses and profit.
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Table XV
 

MATERIALS COST FOR FIRE RETARDED, WATERPROOFED,
 

BONDED-ORIENTED-BAGASSE FIBER COMPOSITE
 

Ingredient Formula Component Cost
 
Ingredient 
 (US$/lb) (Wt. %) (tTS$/lb)
 

Processed bagasse 0.03 78.7 0.024
 

Liquid phenolic resin 0.35 4.1 0.014
 
Preservative 
 0.42 0.6 0.002
 

FR waterproofer 0.51 12.0 0.061
 
Al surface 1.22 4.6 
 0.056
 

Total 0.157
 

Eq. Panel Thickness: 0.12 in.
 
Eq. Panel Weight: 0.77 lb/ft 2
 

2
Material Cost - 12 US¢/ft
 

MATERIALS COST FOR LOWEST COST WATERPROOFED,
 

BONDED-ORIENTED-BAGASSE FIBER COMPOSITE
 

Ingredient Formula Component Cost
 
Inqredient (US$/lb) (Wt. %) (US$/lb)
 

Processed bagasse 0.03 79.6 0.024
 
Liquid phenolic resin 0.35 4.0 0.014
 

Preservative 
 0.30 0.4 0.001
 
Asphalt 0.20 12.0 0.024
 

Al/Asphalt 0.60 4.0 
 0.024
 

Total 0.087
 

Eq. Panel Thickness: 0.12 in.
 
Est. Panel Weight: 0.6 lb/ft 2
 

Material Cost - 6 US¢/ft 2
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Using an average 4.5 multiplier to obtain the sales prices for
 
the two types of roofing, the foreign exchange requirements
 
then represent 19% 
and 15 percent of the sales prices, re
spectively. The remaining 82-85% value of the roofing material
 
would be added in the country manufacturing it.
 

The process can be conducted on a scale ranging from making

fractions of a panel up to making numerous panels at a time;

thus allowing for capital and equipment investment proportional
 
to sales volume. Accordingly, the need for heavy investment at
 
an early stage can be reduced. This investment can be spread

also into a number of smaller plants throughout a country in
 
order to take advantage of under-utilized labor forces.
 

Latitude is allowable in the final processing stage with re
spect to the amount and cost of ingredients. Thus, optimizing
 
performance with respect to cost should be achievable with time
 
and experience of manufacturers, product needs, and the controls
 
set by the Governments.
 

Importantly, the utility of this product for roofing (interior

walls, partitions and ceilings) applications is obvious. 
 These
 
uses should provide a broader base of manufacturing over which
 
capital costs can be spread. 
This should assist in reducing
 
processing costs and eventually bringing the price of these
 
roofing panels down even further, or preventing them from
 
escalating as 
others will do with inflation. None of the
 
ingredients are expected to increase disproportionately in
 
cost, or have any projected availability problems 
over the next
 
few decades of time.
 

Several alternative compositions and process modifications have
 
been discussed in the proceeding sections. 
 These modifications
 
can be expected to provide improved performance, reduced cost,
 
or both.
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3.1.5 
 Non-Roofing Applications for Candidate Materials Systems
 

Roofing applications require very high performance from materials

with respect to both strength and outdoor durability. But, materials that are adequate for roofing may also be useful 
to con
struct other parts of a building, if the economics are favorable.
Three of the four systems developed, as well as one rejected
earlier for roofing, appear to be useful in this regard.
 

The materials systems originally developed for roofing can be
 
made competitive for other structural and non-structural appli
cations. 
 However, it will be necessary to modify their physical

form and lower the total raw material costs. Various appli
cations are illustrated in Figure 25.
 

The bagasse-reinforced rubber system can be reformulated and
 
the process modified to produce a flexible material on 
a more
 
economical (shorter) vulcanization cycle. 
 This flexible mate
rial could then be evaluated for floor tile, kitchen cabinet
 
tops, molded kitchen sinks, etc., 
and other applications where
 
flexibility, toughness, and resistance to water are 
importdnt.
 

The bagasse-reinforced phenolic system is 
especially amenable
 
to tailoring for lower cost. 
 It was demonstrated in the Philip
pines that after the powdered bagasse and phenolic resin were
 
blended, they could then be extended by mixing with very large

quantities of ground wood chip filler. 
 In this way, it was
 
possible to produ,:p strong, durable, thick 
or thin panels
 
having resin contents of 20%, 10%, and even as low as 5%.
 
Obviously, the lowest resin content materials would not be
 
suitable for use 
in the 
more demanding roofing applications,
 
but still might be completely satisfactory for sidewalls,
 
interior walls, partitions, and ceilings (especially if
 
painted).
 

123
 

* MONSANTO RESEARCH CORPORATION 9 



e Bagasse Reinforced Phenolic -- BRP 

* Bagasse Reinforced Hard Rubber -- BRR 

e Phenolic Bonded Oriented Bagasse -- BOB 

* Phenolic Bonded Clay 	 -- PBC 

Wall Panels Acoustical Panels 

Ceilings Sinks 

Flooring Furniture 

Counter Tops Bricks 

Fences Doors 

Siding Shutters 

Figure 25.* 	The materials and processes developed for roofing
 
have utility, when motiified, for other applications
 
in home building.
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The "wood chip dilution" concept is of special interest in
 
the Philippines because new applications for ground wood
waste products that could create larger markets for these
 
raw materials are desired. Participants at the National Housing
 
Corporation in the Philippines are considering constructing
 
an entire model house based on 4 ft x 8 ft panels of the
 
bagasse-reinforced phenolic system, including the "wood chip
 

diluted" materials.
 

The phenolic-bonded, oriented bagasse fiber system can also
 
be tailored to form much lower cost products suitable for
 
interior applications by removing the waterproofing add-on
 
ingredients and the associated fire retardants necessary for
 
the waterproofer. Resin concentrations much lower than the
 
present 4% level also are expected to be usable for applications
 

that are not exposed to water. Molded panels containing as
 
little as 1.5% phenolic resin binder have good dry strength
 
and are projected as 
usable for interior ceilings and partitions.
 
They deteriorate only on exposure to water. 
A slightly more
 
porous form of bagasse fibers bonded with phenolic resin
 
would also provide acoustical sound absorbing characteristics.
 

It may be possible to combine to advantage the bagasse-rein
forced phenolic material (BRP) with the bonded, oriented
 
bagasse fiber product (BOB). A pa al of the phenolic-bonded,
 
oriented bagasse could have one 
surface consisting of the
 
pigmented bagasse reinforced-phenolic material integrally
 
molded. In this way, a better combination of cost, strength,
 
outdoor aging, and fire resistance could be obtained than in
 
either system alone. Further investigation and possible
 

development of this modification is suggested.
 

Some clay compositions, investigated to a limited degree in the
 
experimental stages of the program, discussed in 
the Second
 
Annual report, may also have utility in non-roofing applications.
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Compositions of clay bonded with 2.5 to 7.5% 
wt. of phenolic
 
resin had excellent compressive strength (4000-8000 psi),
 
along with a useful level of flexural strength (2200 psi)
 
when dry. At the 5 to 7.5% resin concentrations, the molded
 
products also retained a useful level of compressive strength
 
(2300 psi) when wet. It was envisioned that products of
 
this type could be considered for exterior walls, which, in
 
the tropics, are ordinarily protected from direct exposure
 
to rainfall by the larger overhanging roofs. The relatively
 
heavy weight of such unfired clay bricks might by itself
 
contribute a measure of stability to the wall. 
 Bricks or
 
blocks of phenolic-bonded, unfired clay would have physical
 
properties similar to those of "soil-cements and would function
 
independent of the type or nature of the clay.
 

Thus, there are several avenues by which the basic systems
 
developed might be modified and extended to broaden the
 
field of application for these materials. Collaborators in
 
the three participating countries are encouraged to investi
gate development of such products for non-roofing applications.
 
Full utilization of the products in housing could have wide
spread and far-reaching beneficial effects in these three
 
countries. These benefits could in time be extended to 
other
 
countries (developing and developed) which have a good 
source
 
of the prime raw material, sugar cane bagasse.
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3.2 METHODOLOGY (Programatic Approach)
 

One of the key goals of the program was assuring that any developed

technology was made available to and left with the participating

countries. Achieving this goal was approached by getting participating country personnel and organizations actively involved in

making decisions and the work. 
 Financial and in-kind commitments
 
were encouraged to assure direct involvement. The approach dif
fered slightly in detail between the three participating countries.
 

The program methodology consisted of using two parallel paths
 
shown in Figure 26, 
from the start to the completion of the
 
effort. 
These two paths were used to better define the method
ology searating the materials development per se from the
 
collaborative efforts and the transfer of technology. 
 The
 
two paths are highly interdependent.
 

The materials development path is the one commonly used in the
 
performance of an R&D effort such as 
this one. Basically, it
 
concerned development of materials systems and demonstration
 
of the benefits of these systems in the participating countries.
 
The desired result was technology per se.
 

The second path, collaboration and transfer of technology, was
 
set up to provide for intimate involvement of personnel and
 
organizations in the participating countries to: 
 (a) gain
 
their expertise concerning the local situation, (b) coordinate
 
the effort, and (c) most importantly, transfer the knowledge
 
developed in the program so it would be available in the partici
pating countries independent of AID's future involvement.
 

It was hoped that continued technology transfer in other in
terested countries could actually be performed through these
 
knowledgeable individuals who would probably be better able to
 
communicate the 
ideas and relate to the various socio-economic
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MRC Project Team
 

Philippines , 

%Collabo ration , %" aterials_ _ _ _ _ _ _M Jamaica ---- --- ---..... alDemonstrationan 
Transfer of Technol'ogy , Development 

Ghana
 

Program Objective 

Technology on Roofing
 
in each Participating Country
 

Figure 26. The methodology encompassed following two, parallel,

interrelated paths toward meeting the program objec
tives in Asia, Africa, and Latin America.
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needs. 
 It was also designed to generate expansion of the partici
pating individuals knowledge and interest in roofing and construc
tion, with natural benefits to the host countries.
 

The total effort was conducted in three phases, each originally

defined to encompass one 
calendar year (primarily for contract
 
purposes). 
 The program was actually conducted over a fifty-two

month period, with phase one 
lasting twelve months, phase two
 
sixteen months, and phase three, twenty-four months. The much
 
longer time for phase three was judged necessary to allow time
 
for shipping of materials, for events 
to occur and be analyzed

before proceeding further, and for gaining the benefits of
 
lessons learned in one participating country and transferring
 
those benefits to the others.
 

3.2.1 Collaborative Effort and Transfer of Technology
 

The collaborative effort and transfer of technology was 
initiated
at the start of the program and continued throughout its duration.
This early and continued intimate inter-relationship beiween the
MRC team and the participating countries was one of the most important aspects of the methodology.
 

Early in the program it was necessary to define the problem and
 
to select one participating country each in Asia, Latin America,

and Africa. 
 Defining the problem, then, from the very start
 
was done in conjunction with individuals and organizations in
 
candidate participating countries.
 

The first stage, shown in Figure 27, provided for 
two needs:
 
(a) defining the roofing and potential materials situation in
 
the candidate participating countries, and 
(b) defining poten
tial collaborative orcianizations and. individuals with whcm wcrk 
in the program could be acccmplished, and who could be responsive 
to following through with an effort 
even after AID support was
 
concluded.
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APPROACH
 

COLLABORATION, DEMONSTRATION AND TRANSFIR OF TECHNXOGY 

Surwy Screned.A,10 Intl Reprt..ntst.,ad DW..rftrlCountri in Asi,. 'otle Country lttlo
(W rteiLA and Africai I
(__ in Asia, LA and Africa) of "'koetale"Country 

PHASE I 

.I 

C 
ne PoenrirlC{olorati vnstit utions arid Individuals 
In Selected Countries 

Wn rgrm Itn 
Ind Status 

PHASEIIIn Cotc Deeomn Efor 

Form Aitsory CommitteeWing 
of Eptrtlsn

Seleted Countries 
Define Exprtise Needed 

Form Working Groupseflneto Perform Dm, opment Work 
in eac Selected Country 

_-,-L Typo and Amountof Woft RsqUtred 

ConductIDvelopment Effort 
Fnd In,l Eucation 
And Prometion of Intent 

PHASE III Compile Results 

and 

PerformDe monstration 

Reorm Committee to [stalfishedWiNng 
of Organization or Inslution 

to Promote Use 
and Further Improvement of Results 

Figure 27. Collaboration, demcn 
 .ation and transfer of technology
 
were the compccnents; of 
one of the two methodolcgy paths

that put the ieec:d-e:nlg jase.nto practical 
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The initial contacts made in the candidate countries eventually

selected thus provided the framework for the future extensions
 
of the program.
 

The first stage was 
the most difficult to perform since it was
known only that roofing was 
the area of interest and that resin

binders and indigenous materials were 
to be used in development.

No specific information was 
available. 
The problem can best be
 
illustrated by comparing the nature of an existing roofing,

corrugated galvanized iron,.and.comparing it to a roofing pc'-'el

made from bagasse. 
 First of all, those individuals involved
with corrugated galvanized iron roofing, while highly knowledgeable

in its performance, characteristic., 
etc., 
would not be expected

to know about the nature and properties of bagasse, resin binders,
resin processing, etc. 
 Such personnel and organizations thus

would have little or even poss-ibly a negative interest in the
 
development of alternative systems. 
 Thus, just who could
 
contribute was 
difficult to determine.
 

3.2.1.1 
 Advisory Committees
 

It was necessary to call 
on a 
wide variety of expertise in the
areas of materials, processing, agricultural residues, roofing,
architecture, building materials, etc., 
so that when the better
systems were defined, potentially interested and skilled individuals would be available to 
pursue the effort. The approach
taken was 
the formation of advisory committees with broad
 
experience.
 

A prime objective was 
to define organizations and 
individuals
 
who would prcbably be directly involved because of the 
nature
 
of their business or who would have the versatility and open
mindedness 
to pursue a beneficial development. 
 The obvious
 
interest and enthusiasm of 
a host of individuals 
in the candi
date countries assisted in 
reaching this cbjective.
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The approach taken for making the desired expertise available
 

was the formation of advisory committees, set up on at least a
 

semiformal basis. Invited to participate on the advisory
 
committees were those who were felt might have something to
 

contribute, even to a minor extent. It was explained that 
as
 

the program progressed certain participants might have trouble
 
relating to what was being done, but their participation was
 

still welcome. In a similar vein many of those on the commit
tees might not have been able to participate until later in the
 
program, but their knowledge of the evolution of the program
 
would be highly valuable and would reduce the necessity for
 

repetitive explanations of just why various conclusions had
 

been reached.
 

A chairperson was elected or appointed for each of the advisory
 

committees who acted as an overall coordinator for the effort.
 
The chairperson saw to it that the various disciplines were
 

represented on the committee and that replacements for indi
viduals were made when members found they could no longer
 

participate. It was important that this chairperson live in
 
the vicinity of the activity, be able to communicate with the
 
members of the committee, and be able to convene the committee
 
when necessary. Membership in the committee just for the sake
 

of holding that position and meetings just for the sake of
 

having meetings were highly discouraged.
 

The members of the committees included individuals frcm the
 

government, private industry, and academic institutions.
 

Experts in the areas of finance, business, entrepreneurship,
 

socio-econcmic requirements, etc., were also encouraged.
 

it was then important to obtain commitments from the advisory
 

committee members for their participation in greater detail if
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program developments should so warrant. 
 It was necessary to
 
define those who could make the commitment and those who would
 
be selected to fulfill it 
(if not one and the same). For
 
instance, usually a commitment had to be made by 
an individual
 
in top management, who usually would then appoint 
a delegate to
 
fulfill this obligation. 
Generally, these commitments were
 
made without hesitation and assistance was made aveilable at
 
appropriate times. There is 
no doubt that this generous attitude
 
was a key factor in obtaining the results that were achieved.
 

3.2.1.2 Technical Working Groups
 

The working group was 
to consist of key individuals who were to

be directly involved in the experimental effort and who would
 
thus have detailed knowledge of the materials, process, and
 
applications being considered. 
 It is through these key individ
uals that technology was to be transferred.
 

A key important point in our methodology was the transfer of
 
technology from person to person rather than through some
 
inanimate structure such as 
a report. Reports and written
 
material were 
to be used to aid the involved individuals,
 
but nothing was 
to replace inter-personal communications.
 

The working groups were made uz of those who coul. directly con
tribute to obtainina the necessary 
raw materials, manufacturina,
 
developing, testing, utilizing the product, utilizing the
 

technology, and constructina the demonstration roofs. The
 
type of expertise required depend upon the system being 
con
sidered at the time. The working group was 
to have a chairman
 
or coordinator to 
facilitate its functioning.
 

The working group in all cases 
conducted laboratory or small
 
scale pilot experiments to gain familiarity with the system or
 
systems of interest. Attempts were made 
to relate the knowledge
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gained to the particular materials and manufacturing situation
 
anticipated. Experiments were done both in anticipated manu
facturing facilities and also at independent laboratories
 

(usually government sponsored) depending on the nature of the
 
working group infrastructure.
 

Introducing the technology into a government laboratory that is
 
free to make the information generally available was considered
 
advantageous. However, introducing the technology into an
 
organization having a vested interest in making a profit usually
 
provided a better incentive to early adoption and utilization.
 
Both types of relationships were encouraged, where possible, to
 
achieve better short term results and guarantee long term
 

utilization.
 

After transferring the technology to the working group and
 
after having determined their competence by their performance
 
in local experimental programs, a demonstration in the manu
facture of roofing panels was scheduled. Additionally, the
 
groundwork was laid for the utilization of these roofing panels
 
on houses in the immediate local. Petfotming the demonstrations
 
required the coordination of a great number of details, all of
 
which had to occur on schedule. The complexity varied with
 

the local situation; as few as three and as many as eight
 
organizations were involved. At-this stage the working group
 
coordinators and the Advisory Committee chairmen played key
 
roles and, in fact, determined the degree of success of the
 

effort.
 

The final stage of the collaboration and transfer of technology
 
was a review by the advisory committees and working groups
 

of the results achieved, their analysis of overall performance,
 
and recommendations for how the technology should be pursued.
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It was recommended that the advisory committees remain in
 
existence to assist the future development and use of roofing
 
products and facilitate any interface required between industry,
 
individuals, and the government (especially with respect to 
low
 
cost housing which should be a prime target for the roofing
 
materials).
 

3.2.2 
 Material and Process Development
 

The development of materials and processes for the manufacture of
roofing panels was conducted in a systematic manner. The method

comprised an initial extensive screening process, followed by an

intensive laboratory program, and finally demonstrations involving actual construction of roofs in the three collaborating

countries.
 

The materials and process development generally followed the
 
recommiendations of the special National Academies of Science
 
Committee, set up by the United Nations to study the problem
 
of roofing in developing countries. 
 This committee recommended
 
that available indigenous resources 
(e.g., agricultural or
 
mineral residues) be investigated to determine those which were
 
suitable for combining with minimum quantities of synthetic or
 
natural resin binders to make functional low cost roofing.
 

The material development critical path, shown in Figure 28 
can
 
best be simplified by a brief discussion that follows it through
 
its various stages.
 

The first step of the materials development aspect of the pro
gram was the determination of the availability and character
istics of low cost agricultural residues, etc., 
that could be
 
raw materials for structural components: (a) first in all the
 
candidate countries, and (b) second, in greater detail, in the
 
three selected collaborating countries. 
 The availability of
 
these raw material components was a deciding factor in the
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MATERIALS DEVELOPMENT 

Determine
 
Availability and Characteristics
 

of Potential Structural Material Components
 
in Selected Countries
PHASE I 

Screen for Components Define Generalized
'_of a Composite Material 

.... at MRC Dayton from Selected List Criteri for Ro r 

Define Candidate Define Candidate[CompositeMaterial Ingredients Composite Material Processes 

PHASE I IT 
Determine Suitable Recipes Determine Practicality

Based on Physical Properties, -- -a and Comp~llility of Processes 
Life and Cost with Ingredients 

Optimize and Select Most Promising Sets
 
c Materials and Processes
 

Based on Performance and Cost
 

Define Materials and Processing
 
to Collaborators and Establish Relevanca
 

to Individual Situation
 

Initiate Development Programs 
 Collaborators 
in Collabrating Countries

PHAS I to Refine the Materials and Define Specific Criteria 
Processes to Fit Available Capabilities for Rools) 

and Root Structure to Product Roofingj for Four Mouses Roofing Dmonstration 

Monitor Performance and Rert 

Figure 28. 
 Mater-a. and prz"cess de,/elopment constituted the 
main technical path o4 the methodology leading to 
the alternative roof4inc systems.
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selection of the participating countries and therefore had to
 
be done early, even though summarily, in phase one. Following
 
selection of the participating countries, more detailed infor
mation was generated and actual samples of materials were
 
collected for study in the laboratory. In this way candidate
 
material components from three countries were obtained and
 
introduced into an experimental program.
 

The experimental program was conducted initially at the Dayton
 
Laboratory of MRC with support from Dr. Ben Bryant at the
 
University of Washington. It consisted of a screening effort
 
to eliminate obviously poor candidate materials and to provide
 
some good.alternatives for the future laboratory experimental
 
effort. At this stage, 
some candidate roofing compositions
 
were made vsing known processes, since it was the properties of
 
a composite material that were expected to achieve the desired
 
results. Individual evaluation of components of the composites
 
was 
not adequate to project the desired performance.
 

As candidate roofing products became available from the screen
ing experiments, and as better candidate samples became avail
able durinq the material and process studies, they were delivered
 
to the participating countries where they were put on outdoor
 
exposure racks for measurements of durability. While some of
 
the earlier samples did not have all the refinements of those
 
systems oroduced later on, it was important that they be out
 
out for exposure early in the orogram so 
that some realistic
 
exposure time periods could be achieved. Fortunately, test
 
fences of this type, usually used for exposing paints, were
 
available in the participating countries, and the organizations
 
who had them were most cooperative in oroviding snace and
 

analysis.
 

At the same 
time that the screenina of the materials was con
ducted, a generalized set of criteria for roo~inq was defined
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in conjunction with participating country personnel. 
This
 
was necessary to define the functioning of a roof and what
 
types of roofs were to be considered. Residential roofing
 
and low cost housing which better fit in with AID's overall
 
objectives of putting work where it would benefit the most
 
poor people was stressed. Complicating the definition of 
a
 
roof was guessiag what material could be generated from a com
posite consisting of some 
sort of agricultural or mineral resi
due held together with a resin binder.
 

It could easily be 
said that all that was desired was a roof
ing material that performed as well as a corrugated metal roof
 
but at lower cost. 
 Given all of the metal roof's individual
 
attributes, this result in fact could be achieved by nothing
 
other than corrugated metal itself. 
 It thus was necessary
 
to determine qualitatively just what were the necessary and
 
desirable features of the 
roof itself, the roofing panels,
 
and the roofing materials from which they were made.
 

Having knowledge of potential raw materials and a preliminary
 
definition 
Df the desired properties of a manufactured
 
roofing product, it was necessary to define a process for
 
producing a roofing material 
from them. Accordingly, at
 
this stage a preliminary feel for existing technology and
 
facilities was 
required. For instance, manufacturing facili
ties 'of any kind that were available in the participating
 
countries had to be factored into studies done in 
the selection
 
of these countries. 
 In all cases some facilities did exist.
 
However, the availability and size of facilities and the
 
manner .n 
which they were being utilized was all important
 
to the research program. Accordingly, a survey and inspection
 
of facilities was 
conducted and information retained for future
 
reference and use in the program.
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3.2.2.1 
Selection of Best Alternative Candidate System
 

Four candidate roofing material systems were developed in
a
laboratory program using knowledge of potentially available
materials and facilities and established composite technology.
 

An experimental seed program to develop both composite materials
 
and processes was undertaken in MRC's Dayton laboratory. 
 It was
 
conducted there because of the existence of: 
 materials and com
posite technology derived from defense and space technology;
 
processing facilities and skilled operators; and testing,

analytical and weathering capabilities. Conducting this aspect

of the work in the three countries would have probably required

duplication of effort and would not have provided as 
broad a
 
look at both materials and processes as 
could be achieved in
 
one 
facility already set up for just such experimentation.
 

The experimental program took the form of defining candidate
 
composite material ingredients and optimizing recipes based on
 
the results of tests for physical properties, durability, and
 
cost. 
Process development paralled the material analysis.

Processes were necessary to fabricate specimens from the candi
date materials. In instances an expedient process
some 
 was
 
used to prepare a specimen so 
that it could be evaluated. As
 
the effort progressed it was necessary to define and 
use more
 
practical processes that could be scaled up into the plant
 
manufacturing level.
 

I: was 
felt that one of the processes needed refinement on 
a
 
larger scale. 
Therefore, collaborators at 
the University of

Washington set up a pilot facility for fabrication of full size
 
corrugated panels, proceeded to 
detail the process and manu
factured a small quantity of panels 
for evaluation. 
 This is
 
illustrated in Figure 29.
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(a) A Sprout-Waldrenr defibril-
 (b) Ccn.iercia! water extractors

lator was used to wet 
 incorporating 	screens and
fibrillate bagasse fibers 
 dense fabrics 	were used 
to
after initial 	dry processing. 
 introduce orientation and
 

form a moist mat. 

(c) A single opening side load
ing press was made 3vailable 
for mold.,ng at the American 
Plywcod Assoclatcn in Tacoma 
to :cmpete :,,e pilct plant. 

Figure 29. 	 A pilot facility to produce full size 2 ft x 7 ft 
corru;qate BCB panels was set up by the University
 
of Washi.gton.
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The culmination of 
this experimental effort 
(conducted in
 
Phase II) was 
a laboratory optimization and the selection of
 
four of the most promising material and process combinations.
 
There were several reasons 
for not limiting the effort to 
just
 
a few combinations at this stage.
 

First, throughout the duration of the program, the cost of
 
materials, especially candidate resin binders, fluctuated and
 
increased (probably more so 
than at any prior time in history).

Therefore, the future cost effectiveness 
f any particular
 
system was subject to later change. 
 Some originally proposed
 
strong candidates were ruled out at this stage because of that
 
fact.
 

Second, the program was 
being conducted in three distinct coun
tries each of which had its own 
set of conditions with respect
 
to availabilities of materials, facilities, and technology.
 
Thus, the best material/process combination for one country may
 
not have been the best for another. 
Or, more than cne combi
nation may have been of particular interest in 
a given country.
 

Third, some of the systems looked more promising for the 
near
 
term because they took advantage of existing materials, Facilities
 
and technolocy. 
Other systems appeared more attractive in thP 
long term, where capital facilities could be added or some change
 
in thinking could be introduced.
 

Finally, during this early research only relatively brief deter
minations of acceptability or durability could be achieved.
 
Thus, it was necessary to 
have a number of alternatives available
 
so that substitutions could be made should a flaw become anparent
 
in one if the candidates. 
 Such flaws could include some non
technical asoect, reauinc to a carticular qovernmental, -o2iti
cal, or socioeconomic climate. For instance, the imortation
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of materials can readily be made very easy or very difficult at
the discretion of any government. Similarl ., 
thq government

could either promote or 
suppress a particular industry .or the
overall benefit of the country, but this could possibly result
 
in a demise of some part of 
one of the candidate systems.

The availability of bagasse, for example, depends upon a healthy

sugar industry which would have to 
follow not only political
 
boundary lines but world demands.
 

3.2.2.2 
 Collaborating Countries Participation and Demonstration
 

The knowledge of material and Drocesses and their application to
roofing were 
transferred to the collaboratinq countries. 
 Transfer
was 
achieved and demonstrated by laboratory experimentation, plant
manufacture and actual construction of roofs in the participating
countries with local manpower and facilities.
 

At this stage in the proqram the laboratory-optimized roofing

materials and processes and the rationale behind them were

explained to 
collaborators in the participating countries.
 
The relevance of the candidate systems to the 
individual country

was also confirmed. 
Contacts 
were also maintained with the

participants throughout to maintain interest and continuity of

work programs in 
the participating countries.
 

Development programs were 
initiated in 
each of the three partici
pating countries. A generalized program work statement 
used in
Jamaica is 
shown in Figure 30. 
 This program was desianed to

make the participating working group intimately familiar with

the candidate materials and processes. Experimental work was

conducted on those systems that 
seemed to best fit 
the needs
of the particular country. 
 The work was 
to be done in a labor
atory or small plant, relating as much as 
possible to existinc
 
facilities to 
be used in 
later, larger scale manufacturing.
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It was also at this stage that the in-country collaborators were
 
to define as much as possible specific criteria for roofs that
 
would guide the experimental work and dictate the best options

available. 
 Specific roofs had to be considered to determine
 
how the roof must function.
 

The next, most complex stage of the work, included the actual
 
production of roofing panels at 
a facility or facilities in the
 
participating country, selecting housing sites for a roofing

demonstration, and designing a roofing system and roof sub
structure compatible with the selected houses. 
 The pilot runs
 
to produce roofing panels were to utilize 
as much as possible
 
existing facilities and locally available materials. 
 Those
 
materials 
(binders and/or additives) requiring foreign exchange
 
were 
provided to the local participants at no charge.
 

Rather than build 
new houses on which to install roofs, houses
 
already planned for construction were to be utilized both to
 
rinimize program cost and provide 
a more practical demonstration
 
The rcofing panels were to be prcvided at no cost, in exchange

for their being installed on a roof. 
 The selected houses
 
dictated roof design and substructure. Intentionally, as little
 
modification as necessary was made, but some changes were necessary
 
to accommodate the particular roofing panels that were found to
 
be practical for the pilot manufacturing.
 

The rccf was 
to be designed so that performance, or lack of
 
performance could be directly related to the material of 
con
structicn rather than to the roo4 design. 
 It was anticipated
 
that all the materials could eventually' be fabricated into any

particular desired shape. 
 The importarce of installing the
 
roofs was to get 
the materials into a rcofing situation for
 
outdcor exposure and ;ractical evaluation cf durabiity so 
that
 
the life of the prcduct cculd be determined.
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Sufficient roofing panels to provide coverage for the equivalent
 
of at least four houses (this arbitrary number having been
 
selected by AID) were to be manufactured. These were then to 
be
 
installed using local craftsmen having experience in installing
 
roofing. Emphasis was 
to be placed on roofing panels that could
 
be installed strictly by nailing and that could be cut to 
fit
 
using normally available saws, knives, 
etc.
 

The final stage of the material and process development was to
 
comprise monitoring the performance of the roofs and preparation
 
of a report on their performance. 
 It was hoped that the working
 
group would be able 
to monitor the performance of the roof for 
a
 
number of years so 
that actual long-term durability could be
 
measured. 
 This would require only simple visual examination of
 
the roof from both the inside and outside and interviews with
 
individuals who were then living under these roofs.
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3.2.3 In-Country Participation Program Details
 

Programs were conducted in the Philippines, Jamaica, and Ghana,
 
where collaborative efforts, transfer of technology, and mate
rial and process developments took place. The efforts varied
 
in complexity and formality depending on the basic government
 
and industry infrastructure. Cooperation and enthusiasm was
 
good and assisted in moving the programs forward.
 

The MRC project team assisted in (a) defining the roofing pro

blem, (b) developing reliable material and processing alter

natives, (c) coordinating a developmental effort in the parti

cipating countries, (d) performing a demonstration utilizing
 

the technology, and (e) transferring of the technology by visits
 

to the participating countries at intervals throughout the four

year program period.
 

The timing and duration of the visits to the participating coun

tries were selected to best utilize the available limited re

sources and to prevent repetition of mistakes. The duration of
 

each visit was determined by establishing a cost/performance
 

criterion, which included manpower, travel and per diem costs
 

related to the length of a sustained, intensive effort that
 

could be conducted within the country. Three to four weeks,
 

ten to fourteen days, and two to three weeks were judged optimum,
 

respectively, in the Philippines, Jamaica, and Ghana.
 

The intervals between visits were also optimized to provide
 

time for work to be conducted in the participating countries
 

between meetings, to allow for shipment of materials and their
 

clearance through customs, to allow for trouble shcctinc eperi

mental work at MRCs Dayton Labc 'tory and to allow for planning.
 

These intervals were five to six months, three to four months,
 

and six to eight months, respectively, for the Philippines,
 

Jamaica, and Ghana.
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Support was also given by the US AID Missions in the participating
 
countries. 
 This participation was most helpful and ranged from
 
a very detailed involvement, including 
some coordination, to
 
just smoothing the way by minimizing potentially redundant
 
formalized reporting and contacting. Formal contacts were
 
used when necessary, but informal proceedings were found to be
 
more valuable especially through much of the period that in
cluded learning by all of the parties involved.
 

3.2.3.1 
Philippine Program Coordination and Structure
 

The more highly structured business, industrial, and government
climate in the Philippines introduced a more formal working
atmosphere there. 
 Coordination with a 
much greater number of
people in
a variety of disciplines was necessa 
' to fully
evaluate the various alternative materials and processes

developed.
 

In the Philippines, which has 
a population more than 
ten times
 
that of Jamaica, it was 
judged necessary that a formalized
 
advisory committee and technical working group be created. 
 The
 
principal function of the advisory committee was to coordinate
 
the various aspects of the program, as well as 
to obtain credi
bility and acceptance of the results. 
 The function of the
 
technical working group, having at 
the most one representative

from each of the organizations carrying out 
the various aspects

of the program, was 
to actually implement the development and
 
demonstration program.
 

The National Science Development Board 
(NSDB) was selected by

the National Economic Development Authority (NEDA) as 
the scienti
fic agency in the Philippines to 
carry out the in-country
 
development for the AID roofing project. 
 The chair.an of the
 
NSDB, General Florencio A. Medina, was 
selected to form and head
 
a national advisory coordinating committee for 
low cost roofing.
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This committee was formally constituted at a meeting at 1SDB on
 
February 12, 1975 and representatives of all the government
 
agencies critically concerned with housing were invited. 
 The
 
membership of the national advisory coordinating committee is
 
shown in Figure 31. 'Some changes in representatives have
 
occurred throughout the program.
 

The chairman of the national advisory coordinating committee
 
designated a technical working group with Ms. Lydia 
G. Tansinsin
 
as chairperson. 
The first meeting of the entire technical
 
working group was held on August 29, 
1975.
 

The technical working grouo, which was 
to follow through with
 
direct implementation of the work, including a demonstration,
 
was made up of individuals from within the advisory committee
 
and industrial organizations. 
Those involved in the technical
 
working group are shown in Figure 32.
 

The National Science Development Board provided nrogram and
 
technical coordination. 
The National Housing Cornoration oro
vided extensive manpower and facilities for experimentation and
 
actual manufacture of roofing products on a relatively large
 
industrial scale. 
 Jardine Davies made available a test exposure
 
facility at one of their plant manufacturing sites and contri
buted samples of and information on sugar cane haqasse from its
 
Hawaiian-Philippine Sugar Company. 
Goodyear Tire and Rubber
 
Company provided manpower and facilities necessary for a portion
 
of the manufacturing process and thus participated in the
 
demonstration.
 

Latex Products Company made available manpower and facilities
 
on 
a most timely basis early in the program to Provide for the
 
first pilot-scale manufacture of one 
of the roofing products in
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W-COS RlWNG NATIONAL COOIfM (PNIiLPPNZ3) 

AUNIROPY CM4II'ITR FrEs 

Organization RiWresentLtive ?iTtl 

National Science Develoment Board General Florsncio A. Medina ohaira..n and Country Coordinator 
Dicutan. Taqguig, iaIal 

National Institute of Sctence & Technology Dr. .oes R. Velasco Coilsion r
 
National Science Developmnt oard
 
Bicutan, Taguig, Kizal
 

Forest Product. Pesearch and Induatiee Dr. Francisco U. TLan Cmmissioner
 
Developmenc Comaission
 
872 kZsabe). Building
 
Isabel St., Eapana, Kanila
 

Buildinq Research Service Dr. 1nesto T&Wa4ara (represented by Officer- L..Chage

University of the Philippines 
 G. Hanahan)
 
Dilman. Quezon City
 

College of Architecture Aure io T. Juguilon Dean
 
University of the Philippines
 
Diliman, Quezon City
 

College of Engineering Mina Ignacio Dean
 
Mindanao State University
 
L and S Building
 
Roxas Blvd., Manila
 

National Housing Corporation 
 General Caudencio V. Tobiaa Executive Vice President
 
Tale, :aloocan City
 

Tondo Foreshors Developwant Authority 
 Executive Director
 
Tondo, Manila
 

People's Homsite and Housing Corp. Mr. Sebastian 3. Santiago 
 General Manager
Elliptical Road, Quezon City 

Presidential Assistant on Housing 
 Col. Jaisw A. Venago 
 Officer-inoCarge

and Resettleiint Agency 

Quezon Blvd., Extension, 

Quezon City
 

Philippine Institute of tnvirorantal Dean Casa: H. Conco Chairun. National 	Buildinq CodePlanners 

Comittee and President 

Sikatuna Bulding
 

Ayala Averue
 
Makati, .Izal 

Philippine Institute of Civil Mr. Cesr A. Caliars President
 
Engineering 

Delta Motor Sales Corporation Bldg.
 
Quezon Blvd., Extension,
 
Quezon City
 

Humanitarian and Prive Assistance Mr. joseph Whlton Assistant Director 
United States Aqency for International 

Deve lope nt 
Ramon Magsaysay Center 
Poxes Blvd., ManLla 

Figure 31. 	 The Philippine National Advisory conmnittee on roofing
 
provided extensive experience in their effort.
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TtXIINICAi. WORIcr; (;WAJP FORI THE DEVELOPHL11W Of A IJW-CO!T ROf"G (PHILIPPINESI 

p r•_ _ OI~J Ati.~._-	 a t i e 
--- e lf esent r Title Role
 

NHiti'."'l Scie.nce Deve.ulment W14rd Ms. Lydia G. Tdnsinsjn 
 Chairman ot Cow-ittee
 

hLti,,nl Institute of Science a,,d Dr. VedAStu R. Jose 
 Vice C1,airman Of Cmittee 

biutA,,. Taqpuig. Rizal
 

F'.remt P'raducts 
Ptaucatch and Industries 
 Joaqui, Stopongco 
 Engineer 
P-v1.io1int Board 

itduvtlie. D..eluse.nt Commssion 

072 lsabel building 

tau
tril.
 

Univexsity ot the Philippines. Geronimo Manahan Profeucn-:
b.11din-n 1 .. ,1 vic.~c.h 

l tiie.an. (Quzwn City
 

ti, ver..ity ot ther Philippines Auerlljo T. 
 Jougilon 
 Dean 
C.leqe Of Azchitectug" 

Ullil... Q-eztun City 

Mlna-uo tate University 
 Iutino Ignacio

d 
 L and.S 3.lidit g	 

Dean
 

Nti -1.9 Corarstlon Col. Alejandro R. Kabiling
 
Tel.. C.alcenan City
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the Philippines. 
 The Forest Products Research and Industrial
 
Development Commission conducted an 
experimental effort to
 
evaluate some of the alternative systems. 
 They also provided

the necessary personnel and excellent facilities. Monsanto-

Philippines assisted in the importation of materials and pro
vided a communications link between the collaborators and the
 
MRC project tum.
 

Many other individuals and organizations (e.g., Manila Rubber,
 
Mabuhay Vinyl) also contributed meaningfully throughout the
 
duration of the project, by providing some particular expertise,

material, or facility that was 
needed at the time. 
 The good

telephone service that exists between the United States and the
 
Philippines was also beneficial to the coordination effort.
 

The details of the four prime alternative candidate roofing

systems were discussed with the Technical Working Group first
 
in August 1975. 
 Based on this information and input from the
 
Technical Working Group and the Advisory Committee, a detailed
 
experimental program was drawn up to guide the various partici
pants who would be performing parts of the investigation. 
While
 
the MRC project team originally had time and funds available for
 
pursuing only one 
system in the Philippines, there was 
interest
 
in pursuing at 
least three of these. Accordingly, secondary

parallel programs were 
outlined for the collaborators to conduct
 
these additional studie;. 
 US-AID Philippine project coordinators
 
changed several times. 
 However, much active and useful assist
ance was 
provided throughout the 
4-year duration of the program.

As will be discussed later, supplementary funds were made avail
able by AID-Washington and US-AID-Philippines to pursue more
 
than one alternative.
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3.2.3.2 
Jamaica Program Coordination and Structure
 

The smaller physical size, the concentration of industry inone
area (Kingston), the availability of relatively modern facilities
and a more informal business, industrial and government climate
provided a high degree of flexibility inthe Jamaican procram,
A proqram coordinator directly responsible to MRC and major manpower and facilities commitments by industry and the qoverriment

expedited the effort,
 

In Jamaica it 
was judged that a formal advisory committee on
 
roofing would be highly demirable as the most effective means
 
of making available the necessary expertise. A technical work
ing group could then evolve from members in the advisory com
mittee from those judged to be more relevant to the particular
 
approach then being taken. 
 The advisory committee is shown in
 
Figure 33, 
with membership shown by organization, Throuqhout

the term of the effort, personnel changes in various organiza
tions required substitutions of representatives,
 

The Jamaican coordination effort was 
unique, among the three
 
countries, in that the project coordinator had a direct respons
ibility under the MRC prime contract, This was accomplished by

paying that individual for time spent on the project up to a
 
limit of 500 hours,
 

There is 
no doubt that a qreater deqree of coordination could
 
have been possible if 
more funds were available for use in the
 
participatinq countriag, 
 The lack of such fundinq - except for
 
materials and equipment - limited such coordination, Howevor,
 
in spite of these funding limitations, total funding of 
an AID
 
effort in the participatinq countries was deemed loss advisable
 
since this would not have required a significant oommitent on
 
the part of our collaborator., It was 
felt that uch A ocommi
tmwi1t 
was vital to oncour(qo a continuing effort oven aft@r AI
 
and MRC pArticipation ended.
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Mr. Alfrico D. Adams, at that time*, a chartered engineering and
 
partner in the consulting firm of Douet Brown Adams Consultants
 
Limited, agreed to take on the task of program coordinator if
 
supported by an advisory committee. 
He was also selected as
 
chairman of the advisory committee.
 

It was 
felt that this on-the-spot project coordination repre
sented an 
excellent way of conducting the program and should
 
be pursued in any continuing or similar effort. 
The selection
 
of a dedicated, knowledgeable, and personable individual such
 
as Mr. Adams, with good communication skills, is highly critical.
 
Strong support by and the cooperation of committee members is
 
also required.
 

Mr. Adams was 
given the task of forming the advisory committee,
 
starting with those individuals and organizations who had agreed

to participate during earlier survey discussions. It was hoped
 
that various of the committee members could represent two or
 
more organizations or agencies, in order to minimize the 
size of
 
the advisory committee. 
 For example, a representative of 
some
 
government or 
industry organization might have been able to per
form a dual role in also acting as a representative from the
 
Jamaican Society of Architects.
 

The technical working group, which actually followed through

with direct implementation of the work, was made up of individuals
 

from within the organizations participating in the advisory
committee. 
Those involved in the technical working group are
 
shown in Figure 34. The specific role of these 
individuals,
 
discussed in detail in the next section, can be 
summarized as
 
follows. 
 The Scientific REsearch council provided technical
 
coordination, an experimental effort, and use 
of facilities.
 

*Mr. Adams is presently with SMDA Ltd. 
in Kingston, Jamaica.
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Figure 34. The Jamaica Technical Working Group was constituted from within theAdvisory C(xnmittee making available the personnel and facilities todevelop and manufacture the materials systems and put them to use. 



Standard Building Products, Ltd. provided technical support,
 
manpower (thousands of hours), 
and facilities for manufacture
 
of demonstration panels. 
 Berger Paints, Ltd. provided an out
door exposure effort and appropriate analysis starting with the
 
very early stages of the program, and continuing through its 
com
pletion. 
 Berger has made a commitment to follow through with
 
technical advice. Goodyear-Jamaica Limited made available
 
manpower and facilities to perform a critical part of the manu
facturing process. 
 The Minstry of Housing provided considerable
 
guidance in the roof design and made available houses for the
 
roofing demonstration. 
The Bureau of Standards and the University
 
of the West Indies provided valuable assistance in physical
 
testing and analysis of the composite material systems. 
The
 
remaining members of the advisory committee also contributed
 
importantly with specific details in a positive manner. 
The
 
excellent telephone system that exists between the United States
 
and Jamaica a:-lowed instant communications that played a major
 
role in fulfilling program objectives.
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3.2.3.3 
 Ghana Program Coordination and Structure
 

A relatively informal business, industrial, and oovernment climate provided a very workable degree of flexibility in the Ghana
 program. 
The intense interest of relevant government agencies
and industry to gain advantage from the program orovided an 
excellent incentive. Commitments by aovernment, business and industry
and the availability of directly appropriate facilities also contributed. 
 The lack of good telephone communications between the
MRC project team and the collaborators and between the collabora
tors at different locations in the country was 
a significant
barrier to efficient imoleinentation. 
 However, the interest and
directly applicable expertise within the country outweiqhed this
 
communication disadvantage.
 

It was 
judged that a separate advisory committee and technical
 
working group were not necessary in Ghana. This was true be
cause of the less complex business structure and the intense
 
interest of the Building and 
Roads Research Institute (BRRI) and
 
its director, Dr. J. W. S. de Graft-Johnson, to participate in
 
the program. Dr. de Graft-Johnson stated that the necessary

expertise with respect to materials, construction, roofing, 
etc.
 
would be available from within BRRI and the Council 
for Scienti
fic and Industrial Research 
(CSIR). This expertise, combined
 
with that from business and industry, should be adequate to
 
provide the necessary knowledge and technology needed for 
an
 
optimum development in Ghana.
 

Dr. de Graft-Johnson agreed to a single, combined advisory/
 
technical working group for roofing in Ghana and to appoint 
to
 
it a variety of individuals knowledgeable in anticipated relevant
 
areas. 
 Those organizations and individuals appointed 
to this
 
committe 
 nre shown in Figures 35 and 36.
 

Dr. de Graft-Jchnson also agreed 
tc assign an associate from
 
BRRI to act as technical coordinator for 
any effort to be
 
conducted within BRRI and outside industry. 
 This individual,
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Kofi Obeng, a chemical engineer, was assigned to become know
ledgeable 
in the roofing material and process alternatives
 
developed in the effort; 
to perform some experimental work to
 
demonstrate his knowledge; and to coordinate the obtaining of
 
materials, shipping of panels, roof installation, etc. necessary
 
for the roofing demonstration.
 

The main objective of the program at BRRI was to obtain enough

data to verify the process, properties, and costs of the alter
native roofing materials. 
 Such data obtained locally, would be
 
sufficient to verify for the government of Ghana that these
 
roofing products should be adopted and used in typical housing.
 
Dr. de Graft-Johnson agreed that this work at BRRI would be
 
performed as 
part of their normal budget, with a priority diverted
 
to it. 
 He pointed out clearly, however, that it would be ab
solutely essential for any foreign exchange requirements to be
 
supplied by the AID contract. It was agreed by BRRI and MRC
 
that a formail agreement would not be necessary for the perform
ance as agreed upon.
 

There were four major participating organizations in the Ghana
 
roofinq development and demonstration program. 
These included:
 
BRRI, in their role as discussed above; Ghana Rubber Products,
 
which contributed major amounts of manpower and 
facilities for
 
the manufacture of 
roofing product; 
Ghana Sugar Estates, which
 
made available and delivered the necessary bagasse; and Reiss
 
and Ccmpany, which assisted with the 
im.portation of materials
 
and at times provided for timely intercontinental communications.
 
The Forest Products Research Institute was 
to have made available
 
some needed facilities but was 
unable to dc so.
 

Discussions by the roof i.ng 
committee were held in 
1975 and 1976,
 
covering all aspects of 
the effort with emphasis on the rural,
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low-income housing situation. 
 Based on the information generated,
 
a detailed experimental program was drawn up to guide the various
 
participants who would be performing parts of the investigation
 
and demonstration.
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3.3 TECHNOLOGY DEMONSTRATIONS IN THE PARTICIPATING COUNTRIES
 

One goal of the program was to demonstrate the utility of the various roofing material candidates by manufacturing at least one of
them within each of the participating countries and installing
roofs that would allow their evaluation. The bagasse-reinforced
hard rubber system was demonstrated in the PhilioDines and Ghana,
and the bagasse-reinforced phenolic system in Ghana, Jamaica, and
the Philippines. These demonstrations helped force a transfer of
technolocy. 
Secondary systems and alternative uses for the Products
 
were also explored.
 

One goal of this program, which was achieved, was to manufacture
 
at least one of the alternative roofing systems in each of the

three participating countries using available facilities and
 
manpower. 
These demonstrations had a number of purooses, which
 
included: 
 (a) illustrating the practicality of the system for

the local situation; (b) illustrating that the technology had
 
indeed been transferred; (c) establishing a baseline for dura
bility studies; and (d) illustratinr the validity of a scaleuo
 
from the laboratory studies. 
 Figure 37 summarizes the scoue of
 
the demonstration effort.
 

The bagasse-reinforced hard rubber 
(BRR) system was used for

demonstrations in the Philippines and Ghana. 
The bagasse-rein
forced phenolic (BRP) was demonstrated in Jamaica, Ghana, and
 
the Philippines. In the Philippines, Ghana, and Jamaica, mate
rials were compounded, panels were 
 abricated, and roofs con
structed. 
 In Ghana BRR materials were also compounded, but only

small samples were molded, since adequate mold temperatures could
 
not be reached in the plai t of Ghana Rubber Comnany. 
 The Ghana
 
Rubber Company, however, is highly committed to going ahead with

the product, and it has therefore scheduled the installation of
 
a new boiler that will allow achieving the necessary steam
 
temperatures. 
 This facilitity should be operational in the
 
first quarter of 1978.
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Philippines I Jamaica Ghana 

Materials Materials BRR Materials 
BRR Panelso BRP Panels 

z Roofs Roofs
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Interest BOB Experimental 	 BOB Experimental2" 	 BOB Experimental 

Construction 
BRP 	 Materials 

Demonstration 
Figure 37. 
 Technology demonstrations were conducted in all three countries with the
proof evidenced by the existence of roofs manufactured and installed
 

locally.
 



The most extensive 
(and largest scale) demonstrations of roofing
materials manufacture, and roofing installations, was conduct
 
in the Philippines. 
Many tons of both BRR and BRP materials
 
were manufactured 
(primarily at the National Housing Corporation).

BRR roofs were installed on 
four full size houses. Sufficient
 
BRP material was made to fabricate at 
least one entire model
 
house, including walls.
 

Interest in alternative and supplementary material systems also
 
existed in the participating countries. 
 Accordingly, experimental
 
programs to examine the alternative systems were 
set up. This
 
secondary emphasis in the Philippines, and Jamaica was
 
placed on 
the bonded, oriented bagasse fiber 
(BOB) system. The

BOB system was studied 
some in the Philippines with considerable
 
interest at the Forest Products Research and Industries Develop
ment Commission (FORPRIDECOM).
 

The ground work for successful demonstrations was 
introduced
 
through the implementation of experimental programs at labor
atories and factories in the countries. 
Members of the advisory

committees and working groups became knowledgable in the systems,

materials, processes, and products and in their applications.

The most formal program was conducted in Jamaica where coordi
nation was easier and where the Scientific Research Council
 
agreed 
to conduct the experimental work. 
Good participation by

all of the members of the Advisory Committee and workin' groups

was 
achieved through stimulation by a local program coordinatcr.
 
The coordinator played a major role in having work conducted,

especially with respect to defining the criteria 
or roofs that
 
were desirable.
 

Reports and extensive correspondence were generated throughout

the three parallel efforts. 
 While all the information would be
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informative, its inclusion would require at least doubling the
 
size of this report. Accordingly, selected documentation is
 
reproduced in an appendix. 
 The purpose of the documentation is
 
to illustrate both what was done and how it 
was done, since the
 
methodology used in this program was 
judged to be as significant
 
as the technical achievements themselves.
 

3.3.1 Philippines - Roofing
 

The facilities required for manufacture of the bagasse-reinforced

hard rubber (BRR) and the bagasse-reinforced phenolic (BRP) roof
ing existed in the Philippines. Thus, both BRR and BRP flat

roofing shinges were manufactured in the Mlanila area and installed
 
on at least five houses. The demonstration was facilitated by the
 
technical working group, which became familiar with the system

while planning for the demonstration. The demonstrations encom
passed the manufacture of 50 tons of materials and thousands of
 
square feet of roofing shingles, enough to cover a substantial
 
number of houses.
 

The roofing development program in the Philippines went through
 
three separate stages, as depicted in Figure 38. 
 The first
 
stage was a learning, teaching, and selling experience for both
 
the MRC project team and the potential Philippine collaborators.
 
In-depth surveys of natural 
resources and available facilities
 
were made. Working relationships were established with appropri
ate personnel in the government, industry, and the academic
 
community. 
The second stage involved small-scale research on
 
three of the candidate roofing material systems, beginning in
 
August 1975 and continuing through 1976. The third stage
 
included two separate demonstrations involving large scale manu
facture and installation of roofs of (a) bagasse-reinforced
 
natural rubber, and (b) bagasse-reinforced phenolic roofing.
 
These demonstrations were carried out from September to October
 
1976 and from June to July 1977 and roofs are shown in Figure 4.
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Figure 38. 
 The roofing development program in the Philippines went
through introductory, experimental, and demonstration
 
stages to achieve goals. 
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The cooperative program was conducted based on an informal,
 
"gentlemens' agreement", since several attempts at achieving a
 
more formalized working agreement encountered bureaucratic road
 
blocks that could not have been resolved within the time frame
 
of the program.
 

3.3.1.1 Experimental Program
 

The experimental program was 
designed to bring together the
 
necessary expertise and facilities in the Philippines, to
prepare and test candidate alternative roofing materials in
conjunction with the efforts of Monsanto Research Corporation.
The research was done in 
two government laboratories and was
augmented by experiments at industrial sites. 
 Industrial

organizations which might become involved in future production
of the roofing material 
were kept informed. The experimental

program introduced first-hand experience and confidence that
led to subsequent large-scale manufacture and a roofing

demonstration.
 

The experimental program got underway in the Philippines in
 
August 1975, when a National Advisory Coordinating Committee
 
for roofing was formed. The experimental program for roofing

development was outlined and agreed upon at 
a meeting of the
 
Technical Working Group in Manila on August 29, 
1975. The
 
experimental work was 
conducted at two locations: the
 
Forest Products Research and Industries Development Commission
 
(FORPRIDECOM), Los Banos; 
and the National Housing Corporation
 
(NHC), Caloocan City. The experimental work continued
 
through 1976 when it became part of the demonstration program.
 

The experimental effort at FORPRIDECOM concentrated on th(,
 
BOB system, including a study of 
the process parameters.
 
Small scale equipment was 
available there for fibrillating
 
the bagasse, preparing randomly oriented mats, molding the
 
resin-impregnated mats, and testing the products.
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Initially, the NHC concentrated on developing the BRR system,
 
and eventually the BRP system. Facilities at Latex Products
 
Company were used to prepare 
300 pounds of BRR compound, whicA
 
was 
then molded into large, flat test panels at the NHC on
 
their laminating press. 
 Smaller test specimens were molded
 
on a laboratory press at Mabuhay Vinyl Corporatfion and
 
FORPRIDECOM. Evaluation, including strength tests on all
 
specimens, were performed at the NHC.
 

It became apparent, as 
time went on, that the organization
 
having the most pertinent capabilities and highest interest
 
in commercializing a roofing system was the NHC. 
 This was
 
understandable, since the NHC is 
a quasi-private corporation
 
which makes components for houses 
(trusses, lightweight
 
block, and urea/formaldehyde particle board). 
 The NHC's
 
particle board press is 
a high capacity production type that
 
was projected to be usable to produce roofing of the type
 
contemplated, with reasonably little modification.
 

Accordingly, the entire experimental program was gradually
 
taken over by the NHC, since they would be responsible for
 
the production demonstration phase. 
 Thus, the overall
 
direction of the program shifted to General G. V. Tobias,
 
Executive Vice President of the NHC. 
General Tobias, in
 
turn, delegated Mr. Victor Cedro, superintendent of the PVC
 
7lant, as coordinator of the experimental program and any
 
demonstration project.
 

The experimental program was 
largely concluded in the fall
 
of 1976 when pilot plant production was started. Thereafter,
 
most of the experiments (variations in formulation, curing
 
time and temperature) were done in plant production equipment.
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Simultaneously with the experimental program, outdoor exposure
 
of panels of the candidate roofing systems was conducted
 
(starting in August 1975). The paint 
test fence facility of the
 
Sherwin Williams Paint Company outside of Manila was 
used. This
 
company is a partially owned subsidiary of Jardine Davies, 
a
 
large corporation that produces a variety of products, including
 
sugar. These panels 
were visually examined periodically, and
 
photographed. Other than for 
some early surface "roughening",
 
giving a "flat" surface appearance, little change occurred after
 
more than two years outdoor exposure. These tests of outdoor
 
stability will be continued for five years, or until the program
 
is completed (whichever occurs first).
 

3.3.1.2 Roofing Demonstration - Manufacturing
 

Two of the composite roofing systems, the bagasse-reinforced hard
 
rubber and the bagasse-reinforced phenolic, were manufactured in
 
the Philippines as a basis for a demonstration. Flat, rigid 4 ft
 
x 16 ft BRR panels were manufactured and subsequently cut into
 
2 ft x 4 ft flat roofinq shingles. About 14,000 sq ft of similar

panels of the BRP were also manufactured. The lower curing temper
atures and shorter cure times made the BRP process more attractive.
 

Manufacture of two complete alternative roofing systems was
 
demonstrated in the Philippines (see Figure 39). 
 The details
 
of the demonstration project plan, results, and future efforts
 
are 
presented in three reports reproduced in Appendix H. The
 
project plans are contained in a report dated 12 August 1976 and
 
the results of two efforts 
in the area of manufacturing are
 
described in the reports dated 30 October 1976 and 9 July 1977.
 

There were two separate demonstrations of plant scale manufacture,
 
at the National Housing Corporation, of the BRR and BRP composite
 
roofing materials. In the first of 
two demonstrations, both the
 
BRR and the BRP materials (7 tons and 1/2 ton, respectively)
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Roof ShingleF Rigid Roof Shingles 
- 10,000 sq. ft. -14,000 sq. ft. 

Figure 39. Two complete alternative roofing materials were demonstrated in the Philippines 
by planit manufacture of large quantities of shingles. 



were manufactured using a combination of the processing facili
ties at Goodyear-Philippines Ltd. and the National Housing
 
Corporation. 
The field report on this demonstration, dated 30
 
October 1976, is 
in Appendix H.
 

The BRR composition .,,as compounded in 
a Banbury mixer and cal
endered into sheet at Goodyear-Philippines, illustrated in
 
Figure 40. 
 A total of 15,033 pounds of BRR, compounded in the
 
form of sheet, was prepared using the standard fire-retarded
 
and low-cost formulations described in section 3.1.2. 
 Bagasse
 
in various forms was also examined. In particular, bagasse that
 
had been depithed was evaluated against raw, whole bagasse in
 
both the fire retarded and lowest cost formulations.
 

The compounding went as expected, with only one 
exception to the
 
recommended proces. 
This exception involved the time for addi
tion of the accelerator and sulfur to the compounded ingredients
 
in the Banhury. 
 Because of the high efficiency and relatively
 
high temperature generated in the Banbury mixer at Goodyear-

Philippines, the compound was elevated to too high of 
a tempera
ture 
to allow the addition of the accelerator or sulfur. Accord
ingly, all materials except the accelerator and sulfur were
 
first compounded in the Banbury. They were 
then dropped out of
 
the Banbury and left to cool. 
 After cooling, the mixture was
 
reintroduced to the Banbury for addition of the accelerator and
 
sulfur and brief mixing.
 

The compounded material was 
then dropped directly from the
 
Banbury onto a two-roll mill where it was 
formed into a thick
 
sheet that was 
removed continuously. This sheet was fed to a
 
calender to further refine and then rollea up. 
 The sheets
 
were at least 50 inches wide and about 1/8 
inch thick.
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The rolled sheets were taken to the National Housing Corpo
ration where they were press-cured into 4 ft x 16 ft panels in
 
a large, five-opening automated press. 
The curing cycle was 30
 
minutes at 330°F at a pressure of 300 psi. Cooling the part
 
was found to be necessary before removal of pressure and removal
 
from the mold; otherwise, blistering occurred. Achieving these
 
press temperatures was difficult because available boilers had
 
not been designed for this purpose and were wood-fired.
 

Following cool-down of the panels, and their removal from the
 
mold, shown in Figure 41, they were trimmed square and even and
 
cut into 2 ft x 4 ft roofing shingles (some 1 ft x 4 ft and 4 ft
 
x 4 ft shingles) to provide for best fit on 
the anticipated
 
roofs. 
 These panels were then delivered to a housing site for
 
installation.
 

During the October 1976 period, and again in June 1977, very
 
large quantities (multitons) of the BRP product were manufactured
 
for use as roofing materials.
 

The process used for the BRP composition was that described in
 
section 3.1.1 using similar materials, but with modification.
 
This modification consisted of examining the use of 
a fire
retarded liquid (Chlorowax-40) in place of the processing oil
 
(Mobilsol-30), to achieve an 
even higher level of fire resistance.
 
The Banbury-processed bagasse was 
dry-blended with 30% Monsanto
 
PR-736 phenolic molding powder in a concrete mixer. 
 The concrete
 
mixer was found to efficiently provide a high degree of uniformity.
 

The blended molding compound was 
then fitted into the molding and
 
pressing operation of the National Housing Corporation Particle
 
Board Plant. 
 This material system fit beautifully with the
 
existing facilities that originally had been set up for wet
 
process hard board, but more recently had been used for a dry
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(a) The flexible rubber sheet 
was placed between smooth 
flat aluminim caul sheets 
treated with release agent
 
prior to inserting into a
 
press.
 

-r 
*- -,IL
 

(b) The 3heets in their molds 
were inse ted into 3 five-
opening heated hydraulic 
press for curing. 

(c) Four !t x -6 ft panels 
were molded in the press,
removed and cut into 4 ft 
x a ft pieces, that were 
eventually cut into 2 ft 
X 4 ft shingles. 

Figure 41. The calendered BRR sheet was rigidized into panels in

molding presses at the National Housi:g Corporation, 
Calcocan City. 
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process. The molding powder was dumped into 
' ft x 16 ft trays

and leveled with comb-like devices. 
 After leveling, the product
 
was put between rough aluminum caul sheets coated with Moldwiz E06
 
release agent and subjected to pressures of about 300 psi and
 
temperatures of 290 0F. It was found that cycle times could be
 
reduced to as 
little as 10 minutes. Following curing, the
 
panels were removed hot, left to cool, and then cut into 2 ft x
 
4 ft shingles.
 

Along with this effort, some bagasse was chopped, cut, and
 
screened in the National Housing Corporation particle board plant
 
chip processing equipment. 
This was to determine if something
 
other than 
a Banbury mixer could be used for this bagasse pro
cessing. Initial indications 
were that indeed the bagasse could
 
be prepared using this equipment of the particle board plant.
 
Accordingly, the National Housing Corporation particle board
 
plant could be used as 
it presently exists for the manufacture
 
of the bagasse-reinforced phenolic roofing panel system.
 

Most of the molding was done with imported Monsanto Company
 
phenolic resin (Resinox 736), 
but locally manufactured Borden
 
MC-282 phenolic powder and a plywood liquid glue (Borden HL-4645)
 
were also %ised, as is discussed in Appendix H.
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3.3.1.3 
 Roofing Demonstration - Construction
 

Bagasse-reinforced hard rubber (BRR) roofs were installed on four
low cost employee houses located at the National Housing Corporation (NHC) near Manila in November 1976. 
 The roof consisted of
24 in.x 
48 in.x 1/8 in.BRR shinales nailed to a 
wood purlin
and stiffener substructure. NHC erfiployees have since been living
inthe houses and monitoring performance. Bagasse-reinforced
phenolic (BRP) panels, manufactured inJuly 1977, also were 
to be
used to roof one model house at a site near Manila.
 

Employee houses were needed at NHC. 
 Thus it made good sense,

logistically, to build demonstration houses there and install
 
roofs on them. The employees' housing site is located adjacent
 
to the NHC factory, where the roof panels were made, in Caloocan
 
City, outside Manila. 
It was originally anticipated that
 
the four demonstration roofs would be installed on low-cost
 
houses in a squatter resettlement area near Manila, such as
 
Das Marines. However, Das Marines is located some distance
 
from NHC and transportatation of equipment, building materials,
 
and Dersonnel to that site for just four houses was considered
 
to be too time-consuming and expensive.
 

The houses selected were of a simple, single story design with
 
488 sq ft floor area, identical in size and shape to other nearby

employee houses. 
 The foundation, extending 18 
in. below ground

level, and the floor, were poured concrete. The walls consisted
 
of NHC-manufactured lightweight concrete blocks, tied together

at the roof line with reinforcing steel wire. 
 There were two
 
rooms (kitchen/living area and bedroom) plus a bath 
(shower/toilet).
 

The design and construction of the house and roof framing was
 
done by NHC employees. 
The roofing shingles were installed by a
 
local contractor. 
An outline of the demonstration effort is
 
shown in Figure 42.
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NHC
 
IMRCI ----


Construction
 
of Low Cost Houses
 

Roofing Roofing
 
with BRR Shingles with BRP Shingles
 

4 Roofs At Least 1 Roof 
Figure 42. Manufactured BRR and BRP shingles were used to roof
 

houses selected by the National Housing Corporation,
 
Caloocan City.
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The roof consisted of prefabricatel trusses with a 300 double
pitch and a 24 in. overhang on all sides of the house. 
Roof
 area totaled 849 sq ft. 
 A wood purlin and stiffener substructure was designed to accomodate the 2 ft 
x 4 ft shingles.
The shingles were fastened to the wood substructure using conventional steel flat head roofing nails. 
 In the nailing pattern,
most of the nail heads were hidden. Figure 43 shows the roofs
 
as installed.
 

One minor problem encountered during the installation of the
roof was the unexpected "slipperiness" of the smooth molded
surface of the BRR shingles on the 300 slope of the roof. 
This
problem was resolved by the Filipino roofers removing their
 
shoes and working barefooted.
 

Installation of the four roofs was completed in November 1976,
and the houses were immediately occupied by NHC employee families.
Performance has been monitored by NHC technical employees.
 

There have been only two recorded minor problems. 
 One of the
four BRR roofs leaked. When investigated, this leak was found
to result from a roof nail that had been driven entirely through
the roof. 
 The hole was clearly visible from the bottom and was
repaired. 
The occupant of this house also reported a noticeable
odor of rubber vulcanizate (sulfur) in the house. 
 A visit to
the house by MRC and NHC technical personnel failed to confirm
any detectable odor. 
 Some warping of the flat shingles has also
 
been noticed.
 

During June-July 1977, multiton quantities of thin BRP roofing
panels and thicker BRP wall panels were manufactured at NHC.
Using these materials, at least one complete model hcuse is
scheduled to be built and roofed subsequently.
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swim (a) The shingles were attached 
M--NMI 12421 to a tiood purlin and stif

fener substructure designed
to withstand local severe 
wind conditions.
 

(b) The 2 ft x 4 -.
' shingles

were attached by nailing 


'"
 
and could be cut with
 
available carpenters
 
saws and knives.
 

" ) After one year exposure
 
the rc.ofs exhibited only
 
the expected minor sur
face wear and some warping,
 
but otherwise performed
 
well according to those
 
living in the houses.
 

Figure 43. Four NHC employee houses were roofed with the BRR
 
shingles in November 1976. 
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feature factory (NHC) prefabricated panels, on wood frames,
 
which were to be assembled on site, based on a concept of
 
J.P.R. Falconer. The model house(s) is to be located at a
 
"more visible site" near Manila 
(NHC is more than a 1-hour
 
drive from Manila). Construction of several of these model
 
houses is planned to follow.
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3.3.2 Jamaica - Roofing
 

The various facilities required for manufacture of the baaasse
reinforced phenolic (BRP) roofinq existed inJamaica. 
Thus, BRP

flat roofing shingles were manufactured in the Kingston area and

installed on the equivalent of four houses. The demonstration
 
was facilitated by the technical working qroup who conducted

experimental work and became familiar with the systems prior to
the demonstration. An initial interest in the bonded, oriented

bagasse fiber (BOB) system was exploited by the installation of
 
a 
corrugated roof from panels manufactured at the University of
 
Washinqton pilot plant.
 

The effort in Jamaica consisted of three parts, arbitrarily
 
separated into the experimental program, the manufacturing
 
demonstration, and the construction demonstration. 
The effort
 
is illustrated in Figure 44.
 

The experimental program lsd directly into the roofing manu
facturing and construction demonstration program, but was much
 
broader in scope. 
Three of the available candidate roofing
 
systems were examined in the laboratory by the technical working
 
grouo to assist in determining their viability in Jamaica and,
 
also to gain experience on working with these new systems. 
 Be
coming knowledgeable in composite materials was a very important
 
part of this experimental effort to understand the role of the
 
various ingredients in generating structural materials from
 
components that themselves are unsatisfactory.
 

The experimental program was conducted by a combination of the
 
Advisory Committee, the Technical Working Group and the MRC
 
Project Team in Jamaica. 
The nature of the effort changed as
 
the needs dictated.
 

A complete manufacturing and roofing demonstration was conducted
 
on just one system (the BRP). The pertinent details concerning
 
the effort to manufacture roofing panels made with that material
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SJamaica 
Project Leader-- Project 

Coordinator 

1 	 Advisory
SCommitteeMRC .SRC and Technical 

Working Group 

Experimental Program
 

Roofing Product
 
Defined
 

and Evaluated
 

Loofing Demonst ration 

Manufacturing| 
Construction 

Figure 44. 	 In Jaiiaica an experimental program was conducted to
 
preceed the manufacturing and construction demon
stration stages and overall coordination was done
 
locally.
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'and install roofs will be discussed. 
A roof was also installed
 
consisting of corrugated painted BOB panels, that had been made
 
at the U. of Washington pilot plant. 
Other work proceeded =on
tinously in support of these demonstrations, providing economic,

social, and other information of necessity to the roofing systems.

Flat, BRP roofing panels were manufactured and roofs installed
 
in order to initiate a practical durability exposure. However,

it is suggested that more appropriate corrugated panels (like

the BOB) that better fit in with roofing designs, be considered
 
to further validate the efficacy of the recommended material.
 

3.3.2.1 Experimental Program
 

The experimental program was designed to bring together the
expertise inJamaica to define, manufacture, and evaluate a
viable roofing alternative based on the work done by Monsanto
Research Corporation in conjunction with the early work of the
Jamaican Roofing Advisory Committee. The effort included
experimental work at the Scientific Research Council, analysis
of roofing criteria by members of the Advisory Committee,
selection of candidate roofing sites by the Ministry of Housing,
and outdoor exposure studies at Berger Paints. 
 The result was
the basis for a roofing product demonstration.
 

The Board of Directors of the Scientific Research Council (SRC)
agreed to provide the manpower and facilities for conducting
 
an experimental program to further the roofing product develop
ment in Jamaica. 
This fit in directly with the designated

objective for the SRC, namely, transferring technology for the
 
betterment of Jamaica. 
 One man plus supporting personnel were
 
made available for a period of 18 months. 
 They were not able,

however, to contribute funds for incidentals, materials or equip
ment requiring foreign exchange.
 

The effort at SRC consisted of conducting experiments in the
 
laboratory (see Figure 45) 
to duplicate, verify and extend the
 
experimental work done by MRC at its Dayton Laboratory. 
At the
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(a) An electric heated lab hy-
 (b) Various BRP formulations
 
draulic press was used to 
 and molding schedules were
 
make BPP and BOB samples. examined toward optimi

zation and learning. 

'-Ij"
J' 
A6a 

(c) A defibrillator was set 
 (d) The largest coimmercial
 
up for experimental work Bach water extractor for 
on the BOB system' with orienting bagasse in the
AID funds. 
 BOB process was supplied
 

with AID funds. 

Figure 45. The experimental program in Jamaica was performed by

the Scientific Research Council with their facilities
 
and some equipment supplied under the AID contract.
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time that the effort was initiated, only two of the roofing
systems seemed appropriate for Jamaica. 
These included the BOB
and the BRP. 
 The others, which at that time also included a
clay-based system, were considered to be inappropriate for the

Jamaican situation due to higher binder costs within the local
 
economy.
 

The experimental program was a joint effort between the
 
Jamaican Scientific Research Council, the Roofing Advisory

Committee and Technical Working Group, and the AID-sponsored

Monsanto Research Corporation project team. 
The overall
 
coordination of the program in Jamaica was handled by Mr.

Alfrico Adams, who brought together the needed expertise.

Mr. G. I. Denny Williams was 
the technical investigator for

the Scientific Research Council and was 
supervised by Mr.

Uran Bowen, a principal scientific officer, and Mr. Fred E.
Campbell, a senior scientific officer. 
The Advisory Committee

and Technical Working Group effort was coordinated by Mr. Adams
 
with strong support from Messrs. Doug Wynter of Standard
 
Building Products, Tom Hughes of the University of the West
 
Indies 
(Mona Campus), Al Richards and Nadine Isaacs of the

Ministry of Housing, Ken Espeut of Berger Paints, Jimmy

Campbell of the Bureau of Standards, and Richard R. Greene
 
of Goodyear Jamaica Ltd. 
 The MRC team coordinator in Jamaica
 

was Mr. George L. Ball III.
 

The experimental emphasis in the SRC laboratory was on the

BOB system with mats being spun in 
a small Bock water extractor
 
supplied with AID funds. 
 A progress report, dated July 1976,

is in Appendix D, containing data generated by Mr. Denny

Williams of SRC. 
 While this report did not completely con
firm the results achieved at MRC's Dayton Laboratory, it did
 
illustrate knowledge of the product and process, which was

considered to be more important. 
 Their experiments and
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analysis in the areas of waterproofing, particle size effects,
 

and moisture contents demonstrated their understanding of
 

the system and ability to tailor it as required.
 

Only one large Banbury intensive mixer existed in Jamaica and
 

it could not be used in small laboratory experiments. Experi

mental work was conducted on the BRP system at SRC. Included
 
were studies on various alternate (to Banbury mixer) ways of
 

preparing the bagasse fibers, blending techniques, molding
 

cycles, molding temperatures, molding pressures and times,
 

types of molds, mold filling techniques and other latitudes
 

in the molding cycle. No other piece of equipment was found
 
to work as well as the Banbury for intimate mixing, for
 

fibrillating the bagasse fibers, coating the with oil, pigment,
 

etc. Good laboratory specimens were prepared, however, from
 

bagasse fibers prepared in the MRC Dayton Laboratory, verifying
 

results and laying the ground work for a scale up into a
 

demonstration program.
 

Paralleling the laboratory experimental work was an effort
 

by the Advisory Committee and its coordinator concerning
 

selection and analysis of criteria for roofing materials.
 
This work was done using guidelines set up by MRC for the
 

original material screening effort. The purpose of this study
 
was to obtain Jamaican ideas on just what a roof should do,
 

what it should look like, how much it should cost, etc. Interim
 

reports dated 9 January and 16 February 1976 concerning this
 

analysis are provided in Appendix E. The basic requirements
 

for a roofing system in Jamaica, including both highly desirable
 
and desirable characteristics, were examined. The judgements
 

made were very similar to those reached by the MRC project
 

team, indicating a strong relationship between acceptable
 

performance and cost.
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Contrasting with information preiously derived in discussions,
 
reports, etc. was the high desirability and acceptability of
 
wooden shingles. 
 It was judged that this did not actually con
tradict what had been found earlier, but instead reflected a
 
desirability for better quality, higher cost housing. 
The
 
association of the wood shingles with higher cost housing was
 
indeed significant, especially when compared to the association
 
of corrugated panel roofing with low cost housing.
 

The basic requirements determined by the Advisory Committee
 
were considered mandatory for any roofing product and were in
 
complete accord with the basic criteria developed by the MRC
 
project team in their original analysis.
 

A very significant part of the experimental work was the per
formance of outdoor exposure testing and analysis conducted on
 
panels prepared by the MRC Dayton Laboratory and SRC. 
 The
 
exposure was conducted on paint exposure fences at Berger

Paints, located adjacent to the demonstration housing site
 
finally selected in Kingston. 
These fences were positioned
 
to the south at 450 
according to accepted ASTM procedures.
 
Ken Espeut supervised the installation and monitoring of the
 
test panels on the fences at Berger Paints, providing this
 
service from very early in the proqram through its completion.
 

Analysis of the test panels consisted of periodic visual exami
nation and recording of observed changes, as 
shown in Figure 46,
 
on the panels with time under the climatic and environmental
 
conditions of the Kingston seashore area. 
 The results are
 
reflected in the discussions in section 3.1 concerning the
 
nature of the roofing products. The aging results were very

good-to-excellent for all the materials exposed, including those
 
eventually of less interest in Jamaica. 
These timely exposures
 
provided an evaluation basis for the entire world-wide roofing
 
development program.
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(a) 	Dozens of test panels were (b) Typical of exposed panels
 
placed on the Berger test is the BRR panel marked
 
fence during the program 75-08B which was installed
 
and will remain there to in August 1975 and is shown
 
provide long-term infor- here in October 1977.
 
mation.
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(c) 	 Data for the typical BRR 
panel is shown as generated 
by Berger using paint ex
posure terms. 

Figure 46. 	 Outdoor exposure and analysis was performed at
 
Berger Paints, Ltd., Kingston, starting in May
 
1975 and continuing throughout the program. 
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3.3.2.2 Roofing Demonstration - Manufacturinq 

A practical demonstration of the bagasse-reinforced ohenolic roofing
 
material was conducted. Only the resin binder, pigment, and stabi
lizer were imported. Otherwise, local materials, facilities, and
 
manpower were used to manufacture roofing panels. 3400 square feet
 
of flat roofing shingles were manufactured.
 

The details of the demonstration project plan, results, and
 

future efforts are presented in three consecutive reports repro

duced in Appendix F. The project plans are contained in the
 

report dated 6 September 1976, and the changes in these plans,
 
the results, modifications, and future plans are contained in
 
the reports dated 12 November 1976 and 26 October 1977. The
 
reports itemize point-by-poinc both what was to be done and
 
who was to do it. The effort involved eleven different organi
zations and over 80 individuals. Fiqure 47 depicts the relation

ship among the organizations and the work done by each.
 

The demonstration program was tailored specifically to the
 
local situation, taking advantage of a variety of facilities
 
and expertise at different locations. The fact that all
 

facilities were not available within one organization increased
 
the need for coordination.
 

The raw materials for the project were made available by
 
Standard Building Products and Monsanto Research Corporation.
 
The bulk of the raw materials (63%), consisting of indigenous
 
whole sugar cane bagasse, came from Standard Building Products
 

storage, and originally came from a nearby sugar mill. The
 
remaining materials (37%), consisting of phenolic powder,
 
pigment and stabilizers, were imported from the United States
 

by MRC under the AID contract.
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Standard 	 Monsanto 
Building 	 Research 
Products 	 Corporation 

Local Materials Imported Materials 

Jamaica Ltd. 	 Banbury Intensive Mixing 

Alfrico Adamst 

Scientific' - Research Screening, Drying, Blending, 
Council Metering, and Packaging 

Blnn_____ _ Lay Up, Compression
Builducs Molding and Trimming 

Moin-
Construction of Roofs 

Berger...._ _ Performance 
Paints Evaluation 

Figure 47. 	 The Jamaica demonstration involved a number of
 
organizations which cooperated to provide the
 
needed expertise, manpower, and facilities.
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The conversion of these raw materials into roofing was conducted
 
at three sites 
(all within a 2 5-mile radius in the vicinity of
Kingston). 
 These three sites included the Goodyear Jamaica

Ltd. Tire Manufacturing Plant in Morant Bay, The Scientific
 
Research Council 
(SRC) pilot plant in Kingston and the Standard

Building Products bagasse board plant in Spanish Town. 
A

critical aspect of the coordination, which sometimes was more
difficult than would have been expected, was the simple trans
portation of materials first to Goodyear, then from Goodyear to
SRC, then from SRC to Standard Building Products and finally to
 
the roofing site.
 

Banbur 
intensive mixing was conducted at the Goodyear Jamaica

site in equipment normally used to compound the ingredients for

rubber tires and belting. Required was one 
8-hour shift

involving an eight man crew plus supervisory and support techni
cal personnel (a relatively large crew because of the experimental nature of the effort). 
 The compounding was straightforward,

being conducted by a skilled Banbury operator who required

little or no supervision after the proper size batch was determined. 
The only modification to the equipment, as 
shown in

Figure 48, was the insertion of a large plywood box and chute

into which the product was dumped from the Banbury (normally

the rubber from the Banbury goes on 
to a roll mill, which was
not required for this process). The material was 
then scooped
 
into plastic bags for transport.
 

One isolated problem occurred during optimization of the batch

size. It was 
found that if too much bagasse were introduced
 
into the Banbury at one time, the bagasse bridged in the neck
of the Banbury causing it to plug. 
 This phenomenon had never

before or since been observed in any other experimental work

and is not expected to create any future problems. Goodyear-

Jamaica provided help that minimized the cost of this occurrence
 
to the program.
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(a) 	 About 350 pounds of bagasse 
shown going into the Ban
bury were processed in each 
batch.
 

(b) The processed, oiled,
 
pigmented bagasse was
 
collected on a plywood
 
box, the only modifi- "
 
cation to the equip
ment, and pulled from
 
there into bags.
 

(c) 	The processed bagasse,
 
A 	 considerably reduced in
 

volume, was shipped in
 
bags to the Scientific
 
Research Council labo
ratories.
 

Figure 48. 	 Ccmpounding of tons of bagasse with oil, pigments, and
 
stabilizer for the BRP material was conducted in 
a
 
Banbury 	mixer at Goodyear-Jamaica, .orant Bay.
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The proper amount of ingredients to make one panel (14 ib) was
 
placed in a polyethylene bag. The material was blended by
 
vigorously shaking the ingredients within the plastic bag by
 
hand until a uniformly pink color was achieved. More efficient
 
mixing facilities that were available, would have introduced
 
undesirable contaminants. It was suggested, but not shown,
 
that better mixing could be achieved in a large, slow-speed
 

concrete mixer.
 

The final manufacturing stage for the roofing panels was con
ducted at Standard Building Products. It consisting of laying
 
up the molding powder into 2.5 ft by 9 ft cavities, compression
 
molding the layups, and trimming and cutting of the panels to
 
2 ft x 4 ft (0.1 in. thick) panels. Part of this work is
 
illustrated in Figure 49.
 

The molds consisted of two pieces (3 ft x 10 
ft) of 18 gauge
 
aluminum, treated on the contacting side with a very thin film
 
of Moldwiz EQ6 release agent. A temporary spacer for gauging
 
the thickness of the molaing powder onto the mold sheet 
con
sisted of a 0.25 inch thick 3.5 ft 
x 10 ft bagasse board into
 
which had been cut 
a 2.5 ft x 9 ft cavity. This "picture frame"
 
was laid on one of the treated aluminum plates, and one plastic
 
bag (14 lb) of molding powder was dumped into the ca'ity and
 
distributed unif)rmly within it using the edges of 
large
 
spatulas. A final leveling was achieved using a 4 ft wide
 
draftsman's straight edge to 
slightly pack the material into
 
the cavity and to assure uniform distribution.
 

The layup process was one of the most tedious, but one of the
 
most important aspects of the molding step. 
 The molding powder
 
has essentially no 
flow, thus it must be ohysically distri
buted and leveled within the mold before it 
is heated. In the
 
compression molding step the temporary picture frai..e 
is removed
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(a) At SRC the compound was
 
screened to remove large

unprocessed bagasse
 

- chunks, dried to 
remove
 
• moisture, mixed with
 

., 
 4phenolic 
 powder, and
 
weighed and bagged into
 

* 
 lots the size needed for
 
., one panel.
 

(b) The molding cancound was cast
 
onto a treated 3 ft x 10 ft
 
bluminum caul sheet at SBP
 
using a picture frame to
 
gage thickness.
 

(c) 	A treated aluminum caul sheet
 
was placed over the Cast cam
pound completing the mold.
 

'igur.a 49. Furt.her procezsinq was conducted on the 	BRP conpound
at the Scient'if: Research Council (SRC) and then
de!ivered to Standard Building Products (SBP),

Spanish Tcwn, for lay up and molding.
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and the material is molded without edge constraints. 
 The fact
 
that the powder does not flow after distribution and removal of
 
the frame actually--simplifies the overall process.
 

After removal of the temporary gauging frame, the second treated
 
aluminum sheet is 
laid over the top of the molding powder. The
 
edges of the top and bottom aluminum plates 
were taped together

in spots. This prevented shifting of the aluminum plates and
 
facilitated removal of the part (and the mold) with vacuum chucks
 
(which existed as 
part of the compression molding equipment). The
 
molding and finishing steps are illustrated in Figure 50.
 

The molding press was preheated to 275*F 
(135C) and prese to
 
close slowly (fast closing resulted in blowing away of some of
 
the molding powder). 
 The press was opened, the filled mold
 
inserted, and pressure applied. 
 The pressure was then released
 
by opening the press to allow the expulsion of volatiles, and
 
immediately reclosed 
(which took about 50 seconds). The pressure

(,700 psi) was then reapplied and held for 
an additional 15
 
minutes 
(this time probably 
can be reduced to 5 minutes, but
 
faster molding was not required since it tuok at 
least 15
 
minutes to prepare the next mold for insertion). At the end
 
of the 15-minute period the press was opened and the mold and
 
panel were removed as 
a package with vacuum chucks. 
 The mold
 
was then opened by cutting the tapes, and the sandwich was
 
separated by lifting. 
 No release problems were encountered as
 
long as 
the release agent was properly used. The molded panels
 
were 
then stacked on a flat surface and allowed to cool.
 

These panels, which were about 2.5 ft x 9 ft were 
then trimmed
 
with circular saws 
into individual 26 in. x 
52 in. panels
 
and were 
stacked on pallets ready for shipment and use.
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(a) A 5 ft 'c l0 ft heated 
hydraulic laminating
 
press was used for
 
molding.
 

%b) Inserted intc the press
 
were the two th'In alkmi

ing the leveled compound.
 

- ! ) .'Te zaul sheets and panel 
Y.. were removed frcm thepress with vacuum chucks 

._. an4 separated frcm each-other 
sLn.ply by lifting 

z apart. 

S0. 
 o4!- 04 :-cu'ands of scuare feet of 2.5 ft 
x 9 ft
BFII pane ls was condiucted in the laninating press at 
Standard 5uildnq Products. 
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3.3.2.3 Roofing Demonstration - Construction
 

Eight BRP core roofs were installed at the Hunts Bay low cost

housing project. The remaining BRP shingles are 
to be installed
 
on a house to be constructed. 
 The first roof was installed

11 November 1976. Flat 
 2 ft x 4 ft shingles were manufactured
 
as an expedient substitute for larger corrugated panels. Per
formance of the roofing material during the first year exposure
was good. Long-term performance of the roofing installation
 
will be monitored by the Advisory Committee. A painted cor
rugated BOB roof was also installed at SRC in October 1977.
 

The houses to be roofed were selected by the Ministry of Housing
 
and, in particular, a group involved with World Bank Site and
 
Service Facilities. Houses at these sites are 
low-cost core
 
and shelter expandable houses that provide an alternative to
 
squatter housing. One complication of this type housing with
 
respect to the program was 
that the roofing for the shelter is
 
usually not provided, but is purchased and installed by the
 
eventual home owner. However, roofing for the core 
(bathroom)
 
is provided and installed as 
part of the basic housing unit
 
that is sold as shown in Figure 51.
 

The particular housing units vary from duplexes to quadruple es.
 
For a demonstration effort the quadruplex was 
of particular
 
value. The quadruplexes are joined together by the four cores
 
at a common center. A roof is provided over these four core
 
units which has 
an area of about 200 square feet and a double
 
pitch from a center peak. These roofs were 
ideal from the
 
standpoint of a demonstration since all aspects of roofing, that
 
needed to be considered with respect to coverage, sealing,
 
joining, etc. were present, but large amounts of roofing
 
material did not need to be consumed.
 

The roofs over these cores 
normally consist of corrugated
 
aluminum nailed to 
1 in. x 2 in. lathing spaced at 2-ft
 
intervals. The pitch of the roof is 
i0° , easily accommodated
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HUNTS .AY PHASE I 
00OF-C -- - - (a) The Hunts Bay homes fit 

I into the category of 

-. 

low cost augmented by
the efforts of the 
purchaser. 

(b) Roofing of the ccrrugacad
 

aluminum type is only 
partially provided in the
 
Hunts Bay homes and then
 
just over the core bath
room area.
 

t .?. . o . . " . 

* . - ,.. . _ -i ' ' 
-

-
. . ' . . : -I 

.. . ........ -- (c) The homes are quads joined 
- L .!a_ 11•11 at their bathro m cores 

which forms a single roof
element of 200 sq ft used 

in the demornstrat-on. 

Figure 51. 
 Some of the houses selezted for roofing in Jamaica were of
 
self-help :e 
 in the World Bank, Hunts Bay Site and Service 
project, Kingston. 
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by the continuous sheets of corrugated aluminum which are
 
precut to the required length. Thus, no horizontal seams exist
 
other than at the peak of the roof which is covered with an
 
arched aluminum cap. Sealing of the corrugated sheet to the
 
ridge cap is provided by scalloped foamed neoprene rubber that
 
fits in between the ridge cap and the corrugated sheet and is
 

compressed by the ridge cap when it is nailed. 
 The vertical
 
seams are sealed by a one or two corrugation overlap. The
 
panels are nailed with flat-head aluminum roofing nails which
 

sometimes contain a rubber washer seal.
 

Rather than introduce any redesign to the basic structure,
 
which would have been desirable especially from the standpoint
 

of increasing the pitch of the roof to at least 30*, 
the exist

ing basic roofing substructure was utilized as is. The only
 
addition was the incorporation of 1 in. x 2 in. lathing at one
 
foot intervals (instead of 2 ft.) to accomodate the 26 in. lona
 
shingles (which would overlap approximately 55%.) Sketches
 
were made of the desired roof starting with the Ministry of
 

Housing Plans, but it was 
found that actual dimensions varied
 
considerably from those in the plans. Therefore, the greatest
 
value of the plans was in predicting the number of shingles
 

required for a roof.
 

The roof was to be made up of 26 in. x 52 in. shingles with
 

complete double overlap and no straight through paths at any
 
seams. This was straightforward and typical of any large
 
shingle-type roofing (typified in the United States by asphalt
 
shingles). When laid up in this manner, the shingles were
 

attached by two rows of nails, one along the top ec ge and the
 
second slightly above the middle. Shingles laid up in this
 
fashion would cover 
all nails so that none would then be visible.
 
This was to provide a better appearance and reduce exposure to
 

the nails, thus increasing their life.
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The actual approach used in fabricating the roofs was 
simplified
 
intentionally. It consisted of taking a stack of the panels,
 
hiring a skilled carpenter, telling him that a 1 ft lath spacin'
 
was necessary, and finally telling him to go ahead and make a
 
roof from the shingles. Support and assistance was given by

the project coordinators and technical team, but basically the
 
carpenter took the shingles and made a roof, shown in Figure 52.
 

The same carpenter had been used earlier to make a half scale
 
model of 
a roof from the first manufactured panels primarily to
 
determine nailability of the shingles, but also to disclose
 
possibly undefined problems. Very importantly in this model
 
construction it was 
shown that the shingles could be nailed
 
with relatively large aluminum roofing nails, they could be cut
 
with available hand saws, and they could also be trimmed with a
 
pocket knife allowing intricate hand fitting.
 

Roofs were fabricated as described above with the carpenter
 
first laying down the 1 in. 
x 2 in. lathing on 1 ft spacing
 
(with a half spacing to accommodate a half shingle at the
 
bottom edge). Additionally, because the roofs were so 
flat,
 
which could allow water to be blown up und.er the shingles,
 
a commercial roofing sealant was 
used to seal the shingles
 
together by applying a layer over both rows of nails and pres
sing down 
(the sealer was used only to accommodate the shingle
 
type roof with its very low pitch). In any future application

it is anticipated that either long corrugated panels would be
 
used on a low pitch roof or shingles would be smaller in size
 
and used on 
a roof with a pitch of at least 300.
 

Fabrication of the roofs was 
straightforward; only one problem
 
was observed. 
This problem was that the shingles were slightly
 
warped. When nailed down with two rows of nails this was
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(a) A mock up roof section was
 
designed and put together 
by the carpenter using
12 in. x 24 in. shingles 
to determine in advance 
nailability. 

(b) The shingles were nailed 1, 
with one inch large head 
galvanized steel nails 
to the same lathing as 
used for the corrugated 

. . . .• 

;4 -

I:',-,or 

itrimmed 
(c) The shingles could be 

with a knife 
cut with a saw much 

like wood. 

ure 52. The BRP roofs were installed at Hunts Bay as 26 in.
 
x 52 in. 
flat shingles by a skilled carpenter using

on-*,, available tools and experience. 
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reflected in 
a bending up of the exposed portion of the shingles
 
leaving a gap between shingles as observed from the edge of tho
 
roof. 
 This warping was attributed to a non-uniformity in density
 
across 
the thickness of the roofing panels. Accordingly, a
 
third row of nails was added to the shingles at the bottom
 
edges (unfortunately exposed) to bend these shingles back down.
 
This was 
done to accommodate this specific demonstration that
 
was primarily to evaluate the performance of the roofing material
 
and not its design.
 

The first roof was fabricated 11 November and the other in
 
December 1976. The remaining shingles were installed on a house
 
selected by the Ministry of Housing in November 1977, 
as mention
ed in Appendix F. 
The site was Davidson Crescent, Drewsland,
 
Kingston.
 

The management of Berger Paints has agreed to provide inspection
 
and documentation of the long-term performance of the roofing.
 
They are in an 
ideal position functionally and geographically to
 
fulfill this commitment. First, they have an 
exposure fence
 
which is examined periodically by skilled technicians who have
 
the expertise required for the examination. Second, their
 
laboratory site is only a few hundred yards away from the
 
installed roofs. Thus, access is quite easy.
 

Berger has agreed to continue the exposure testing of the dozens
 
of roofing test panels that are presently on their exposure
 
fence (amounting to at least 100 square feet of exposed surface).
 
Continued evaluation of these exposed coupons will provide
 
at 
least a two-year lead time in projecting the performance of
 
the materials 
on the Hunts Bay roofs, and also on the roofs
 
constructed or 
to be constructed in the Philippines and Ghana.
 
The more readily available access 
to these test coupons by
 
either the MRC project team or AID representatives, because of
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of their proximity to the United States, is also high advantaq
eous 
since it allows for first-hand evaluation at various
 

intervals.
 

The roofing advisory committee members had also agreed to con
tinue in their role until all of the aspects of the roofing
 
development were wrapped up. Accordingly, the advisory com
mittee will continue to function and be appraised of the
 
situation with respect to the performance of the various roofing
 
materials as time goes on. 
 When they are fully satisfied that
 
the roofing is satisfactory with respect to all the necessary
 
performance, cost, and availability criteria, they will then
 
be in a position to recommend its appropriate usage. A more
 
active participation by any of the committee members or technical
 
working group will depend upon future funding either by the Jamaica
 
government, industry, AID, or other international organizations.
 

A roof was also fabricated from painted corrugated 2.5 ft 
x 7 ft
 
BOB panels. These panels were manufactured at the University
 
of Washington pilot plant as discussed in Section 3.1.4. 
 The
 
roof site was at the SRC laboratory consisting of a storaqe
 
building requiring a 
l100 sq ft roof. The decails of this
 
construction are contained in 
 i.e 26 October 1.977 report in
 
Appendix F Gan- -lly, the installa 
-on went well with the
 
only problem being the slightly greater than desired Panel
 
thickness. It is necessary to overlan 4 panels in a roof con
struction and these 4 layers ended up being relatively thick.
 
An improved manufacturing process 
(and mold) will eliminate
 
this problem. The installation and roof 
are shown in Figure 53.
 
A discussion of the molds is contained in Appendix J.
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(a) The corrugated panels were
 
2.5 ft x 7 ft and were in
stalled like any other
 
corrugated panel would be

in Jamaica.
 

(b) The roof had an area of
 
100 sa 
ft and is locatec
on a shed at the Scientific
 
Research Council. AW 

S. .(c) 
Aluminum roofing nails and 

. wood fillets/, for corrugatedaluminum or cement asbestos 
sheets were used. 

Figur 5. 
 A r:cf was 
installed in Jaaica consisting of full-size

_:ai.:ed corrugated BOB panels representing one of thelower cost approaches. 
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3.3.3 Ghana 
- Roofing
 

The facilities recuired for the manufacture of the baqasse-rein
forced hard rubber (BRR) and baqasse-reinforced phenolic (BRP)
roofing existed in Ghana with one major exception: hiqh temperature steam to heat the molds properly for the BRR did not exist.
Thus, BRR material was 
compounded and fabricated into flexible
sheets, but adequately rigid roofing shingles could not be made.
In spite of this shortcoming, the technoloqy for manufacturing
the BRR product was demonstrated by Ghana Rubber Products Ltd.
In November 1977 a quantity of BRP roofinq shinqles were manufactured and a roof constructed in Accra.
 

The effort in Ghana consisted of three parts which are arbi
trarily separated into the "experimental program," 
a "manufac
turing demonstration," 
and a "construction demonstration". The

experimental program led into the manufacturing demonstration,

but the 
latter was broader in scope with respect to materials
 
considered. 
 Because of the very strong interest in the BRR
 
system by a local industry, the other roofing systems were of
 
lesser interest, except for providing supportive background

into new types of materials and roofing (for instance, many of

those involved did not know what bagasse was, or 
had never seen
 
it or worked with it).
 

The experimental and demonstration efforts were greatly

facilitated by the coordination of the requirements for roofing,

defining of criteria, etc., by one agency, the Building and
 
Roads Research Institute; and the manufacturing all being done
 
by one organization at one 
location 
(Ghana Rubber Products
 
Ltd.).
 

The experimental program encompassed the work done by the
 
Advisory Committee, the Working Group and the MRC team in
 
Ghana. 
The manufacturing demonstration included only the
 
direct effort applicable to manufacture of roofing panels.

The construction effort incorporated accumulated thoughts and
 
commitments to 
install roofs from fabricated panels.
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The work in Ghana followed that conducted in Jamaica and the
 
Philippines and, in fact, was initiated a yeaL" and a half later
 
than the other two. Consequently, lessons learned in Jamaica
 
and the Philippines were able to be utilized to great advantage,
 
signif4.cantly reducing the effort required in Ghana. At this
 
later stage, the materials had been better developed and the
 
poorer candidates were not even considered in Ghana.
 

3.3.3.1 Experimental Program
 

The experimental program was designed to bring toqether the
 
expertise in Ghana to define, manufacture, and evaluate a viable

roofinc alternative based on the work done by Monsanto Research
 
Corporation in conjunction with a Ghana roofina advisory com
mittee. The effort included experimental work, analysis of
 
roofing criteria, and outdoor exposure studies and analysis as
 
the basis for selecting candidate roofing sites. This around
 
work for performing a manufacturing demonstration at Ghana
 
Rubber Products Ltd. was conducted by the Building and Roads
 
Research Institute. The result was the basis for a roofing

material manufacturing demonstration.
 

The director of the Building and Roads Research Institute
 
(BRRI), Dr. J. W. S. de Graft-Johnson, agreed to make available
 
manpower and facilities for conducting an experimental program
 
to further a roofing product development in Ghana. Such an
 
effort related directly to the interests and responsibilities
 

of BRRI. Incidentals, materials or equipment requiring foreign
 
exchanae were to be supplied by AID contract funds, but any
 
purchases that could be satisfied with local currency would be
 
made available by BRI.
 

BRRI assigned one man full time to the project, 
to be available
 
through its completion (at least 24 months). Supporting person
ne. were also committed as required for the program. This
 
included supervisory and technician personnel, and those 
indi
viduals from within SRRI, 
the Council for 3cientific Industrial
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Research Institutes, and the University of Science and Technoloqy
 
knowledgeable in the areas of chemistry, construction materials,
 
roofing, housing, architecture, and related socio-economic
 
fields. 
 The fact that all this expertise was committed, available
 
from, and coordinated through the 
one institute was highly
 
beneficial to overall coordination of the program effort.
 

The effort at BRRI consisted of conducting experiments in the
 
laboratory and at local manufacturing facilities to duplicate,

verify, and extend the experimental work done by the MRC Dayton
 
Laboratories. 
At the 
time that the effort was initiated, three
 
of the roofing systems seemed potentially appropriate for
 
Ghana. These included the BRR, the BOB, and the BRP roofing
 
systems. However, the potential for demonstrating all of these
 
did not exist (especially the BOB) because of 
the lack of
 
available local facilities.
 

The experimental program was 
a joint effort between the Building4

and Roads Research Institute, 
a roofing advisory committee made
 
up primarily of individuals from BRRI, Ghana Rubber Products
 
Ltd., and the AID-spcrnsored Monsanto Research Corporation
 
project team. 
 The overall coordination of the program in Ghana
 
was 
handled by Dr. de Graft-johnson. Mr. 
Kofi Obeng, the techni
cal investigator for BRRI, 
was 
supervised by Mr. A. K. Chatteriee,
 
Chief Research Officer for Materials. Some 
:eneral coordination,
 
especially with respect to outdoor exposure was 
provided by :4r.
 
Okyere.
 

Support in the 
area of defining rcf criteria and selection of
 
houses was provided by Mr. John Neutsugah, Research Officer,
 
Architectural Division and Mr. Afele, 
an architect involved in
 
rural housing schemes. Dr. 
B. Biswas, Senior Associate Professor
 
of 
the Department of Che:,istry, UST, provided technical 
sp:crt,
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especially with respect to resin binder chemistry. 
Strong

technical support was 
provided by Mr. Phil Westray, General

Manager and Mr. Jiri Subert, Technical Manager, both of Ghana

Rubber Products Ltd. 
 Supplies of 
bagasse were provided by
Mr. Dim Van der Heeden, Managing Director of Ghana Sugar Estates
Ltd. 
 The MRC team coordinator in Ghana was Mr. George L. Ball III.
 

Experimental work was 
conducted on all three systems by BRRI

using their facilities and those of Ghana Rubber Products Ltd.
Although emphasis was 
to be placed on the BRR system, the

lack of availability of laboratory-size equicment prevented

small-scale work from being conducted. 
This, however,

was no problem since pilot-scale manufacture could be conducted
 
at Ghana Rubber Products. 
 This is discussed under the 
"manu
facturing demonstration" rather than at this point.
 

Interest also ex.sted in 
the BRP system, and small panels were
 
to be molded at BRRI from bagasse processed at Ghana Rubber

Products just for this purpose. 
 Laboratory work was 
also

conducted 
on the BOB system with respect to refining bagasse
fibers, adding liquid phenolic resins, and molding laboratory

specimens. Orientation was cmitted, however, since extractors
 
could not be 
located.
 

The very significant difference in 
these roofing systems ccmpared
to usual construction materials handled by BRRI made experimental

work difficul't because the necessary lab equipment was 
not

avaliable. 
 However, the experimental work conducted 
was highly
effective in 
transferring the 
technology to 
the individuals
 
involved by giving them a feel for 
the type systems being
 
considered.
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BRRI was able to provide outdoor exposure for candidate roofing

test coupons made at MRC's Dayton Laboratory. The particular

exposure at BRRI was 
probably the most practical of that conducted

in any of the other three countries with respect to its relevance
 
to a roofing situation as 
shown in Figure 2.
 

The outdoor exposure facility at BRRI was 
set up to evaluate
 
materials of construction, rather than to 
test paints, as was

usually the case elsewhere. Accordingly, the particular test

rack for the roofing materials consisted of frames set at 
a 10'

pitch which is more representative of roofing for low cost
 
housing. Such a placement of panels puts emphasis on 
the

moisture and humidity situation, since rain water is retained
 
on these panels, clings to 
edges, and actually hangs from the
bottom side. 
 This provides very severe 
exposure which is not

duplicated by panels set at a 450 
angle (where water is normally
 
drained away).
 

The fact that severe water and humidity exposure was 
introduced
 was 
reflected on composite control samoles that deteriorated very

rapidly and exhibited extreme mold growth (blackening) compared

with similar samples set out on 
450 racks. 
 The better systems,

including the BRR, BOB, BRT and BRP, all performed well. 
 These
outdoor exposures provided strona support for their recom:ended
 
use, not only in Ghana, but in Jamaica and the Philitoines as
well. Exposure of these s~ecimens will continue and, BRR 
 -

to make lnspections and reccr observations over at least the 
next ten years. 

Presently there is no excess bagasse in Ghana, and although

additional sugar mills 
are planned with the 
intent of making

Ghana self-sufficient in sugar, 
it is projected that it will be
 
at 
least 10 years before any 
excess 
bagasse will be available.
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100% of the bagasse is now required to fire the sugar mills
 
because of the inefficiency of existing equipment and 
imper
fections in the scheduling of the cutting of the crop.
 

"Mini sugar mills" are being examined and probably have a good
 
future. 
 The bagasse from these mills is less attractive
 
because of its much higher sugar content and its 
coarse
 
structure because it is chopped to a much lesser degree.
 
Additionally, smaller quantities of bagasse would be 
spread
 
over a much larger geographical area adding handling and
 
transportation costs. 
 It would be preferable to burn this
 
particular bagasse as 
fuel. 
 Some fuel oil could be substituted
 
for the bagasse in 
the sugar mill boilers. However, the exist
ing boilers can only withstand a small amount of oil and the
 
associated higher temperatures without malfunction or 
intro
ducing maintenance problems.
 

An experimental effort was proposed, but has only been conducted
 
in part, which calls for substituting hard wood residues or
 
sawdust for all or a portion of 
the bagasse in the candidate
 
roofing compositions. 
 This effort has been outlined and the
 
materials made available for the work to be conducted in 
a
 
combined effort between BRRI and Ghana Rubber Products Ltd.
 
The immediate 
future of the BRR roofing system in Ghana will
 
depend upon the reliability of this system, which is prcjected
 
as being good. One such experiment is shown in Figure 54 and
 
discussed 
in Appendix G where mahogany wood shavings were sub
stituted for half of 
the bagasse.
 

Parallel with the laboratory experimental work was an infcrma
tional exchange with the 
rest of the technical working group.
 
This kept those, who were to eventually be involved in the
 
program, up to date 
on the materials development and the nature
 
of 
the prcducts to De manufactured. 
The work conducted was
 
described in detail with thC 
various participants, in meetings
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(a) 	 Mahogany wood shavings 
from a furniture factory

AL.dl abundantly available..are 

L 

(b) 	The Sanbury processed
 
product containing wood
 
shavings was much finer
 
and lacked good, long

bagasse fibers desirable
 
for tensile strength. F
 

(c)g
Paesra.Ig.rn t
 

:5.) perwen- :f wood shav

a~;-'- ncs inr =:3:! of the1"4111AK1 -' 	 bagasse were exanined. 

zrcduc - , Az~ 

Figur 54. :ocaA. , available nacgany-
 wood shavings were substituted 
o ;cr:i zi. of :-he bagasse i.1 a BRP fOr7Uiat±O.- a:

%,4t3 =0Ut0n MuberNSerr s, Accra. 
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with both groups and individuals. At the 
same time, assistance
 
in selecting the criteria for roofing was 
solicited.
 

The acceptable criteria for roofs was 
found to fit very closely
 
to that originally learned by the MRC project team, but addi
tional emphasis was given to the need for fire resistance. it
 
was 
pointed out that the utilization of wood in Ghana had been
 
confined due to an inordinate fear of fire. 
 Roofing materials
 
thus must have a reasonably high degree of fire resistance.
 
The dilemma of roofing costs was also pointed out with respect
 
to the designated official price not really being representa
tive. It is usually impossible to get CGI sheets at those
 
prices. The actual cost of CGI sheeting rangeJ from two to
 
three times the official price, due in part to the difference
 
in valuation of local money with respect to world markets.
 

3.3.3.2 Roofing Demonstration - Manufacturina
 

Practical demonstrations of the manufacture of both the bagasse
reinforced hard rubber and bagasse-reinforced phenolic roofing

materials were conducted wherein only the oils, pigments, stabi
lizers and additives were imported. Otherwise, local materials
including bagasse and natural rubber, facilities and manpower

were used to manufacture the roofinq compound. 
About 300 pounds

of BRR roofing compound were manufactured, but could not be converted to 
rigid shingles because of the lack of availability of

molding presses that could achieve high enough temperatures.

About 300 sq ft of the BRP roofing in the form of 10 in.x 20 in.
shingles were manufactured inNIovember 1977.
 

Details of the demonstration project plan, results, and sug
gested future work are represented in three reports reproduced
 
in Appendix G. 
The project plans are contained in the report

dated 12 August 1976, 
and the changes in these olans, results,
 
modifications and recommended future work are contained in the
 
reports dated 25 October 1976 and 11 November 1977. 
 The rezorts
 
atten-ted to itemize coint-by-voint both what was done and who
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to do it, along with contingent olans
was to be utilized, de
pendinq on the interim results. 
 The effort involved basically
 
five different organizations and at least 30 individuals.
 

The demonstration program was tailored specifically to the
 
local situation, taking advantage of the comprehensive facili
ties at Ghana Rubber Products Ltd. and support from BRRI.
 
Additional interface included only that from the MRC project
 
team and the various materials suppliers and their intermediaries.
 
This minimal number of 
involved organizations no doubt simplified
 
the effort in Ghana. 
Because of the relatively poor communi
cations network to and within Ghana, a more 
complex program
 
could have been managed only with great difficulty.
 

The raw materials for the 
BRR project were made available by Ghana
 
Rubber Products Ltd., 
Ghana Sugar Estates Ltd., and Monsanto
 
Research Corporation. 
The bulk of the raw materials (94%) were
 
made available locally. 
These consisted of the indigenous
 
whole sugar cane bagasse from Ghana Sugar Estates (54%) and the
 
natural rubber, sulfur, sulfuric acid, zinc oxide, and iron
 
oxide pigment (30%) 
from Ghana Rubber Products Ltd. The remain
ing materials 
(16%) consisting of chlorinated paraffin oil,
 
magnesium oxide pigment, stabilizers, accelerator, and fire
 
retardants were imported from the United States by MRC under
 
the AID contract. 
 Reiss and Company, Accra, provided valuable
 
assistance in facilitating imcortation at no cost 
to the program.
 

The conversion of the raw materials into a 
3?? rocfing compound
 
was conducted at one primarv site. 
 The drying operation was
 
done in 
a plant down the street from the site. 
 The primary site
 

the Ghana Rubber Products Ltd. plant in the
was 
industrial area
 

of the capital and seaport city of Accra.
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The bagasse was 
first dried within burlap sacks (sugar bags) in
 
a wood kiln located in 
a plant near Ghana Rubber Products. DryM

ing required two days because the bagasse was 
contdined within
 
the bags and because of the relatively poor drying efficiency

of the kiln. 
 After drying, the bagasse was 
transferred into
 
plastic polyethylene bags to prevent moisture pickup, and 
vas
 
transported and stored in this manner at Ghana Rubber Products.
 

Banbury intensive mixing was 
conducted in equipment shown in

Figure 55, normally used to compound the ingredients for rubber
 
products, primarily shoes and shoe soles. 
 Four-hour segments

of 
time were made available for compoundina all of the ingredi
ents together into a compound that could be further processed.

Usually a six-man crew plus supervisory and support technical
 
personnel were utilized.
 

The BRR compounding was straightforward, being conducted by a

skilled Banbury operator who required little supervision except

guidance on the proper order of addition of 
the various ingredi
ents and the processing time. 
 No modification to existing equip
ment was required. 
The Banbury accommodated about 90 pounds of

material which, after it 
was processed, was dumped as 
a block
 
onto the floor 
(the usual operating procedure).
 

It was 
found that all the ingredients could be added in this
 
particular size Banbury, including the accelerator and sulfur,

since temperatures high enough to set off curing of the system

were not generated during the processing. The accelerator was
 
added about two minutes before dropping the material and the
 
sulfur about one minute before dropping to insure that no
 
curing (crosslinking) took place within the Banbury. 
No
 
problems were encountered in 
this process stage. 
 It was a
 
direct scale up of the laboratory process.
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(a) 	The intensive mixer had
 
a capacity of 90 pounds
 
of product, over half of
 
which was bagasse, here
 
shown being introduced
 
into the throat.
 

(b) 	Rubber in the form of
 
smoked sheet from Ghana
 
was introduced into the
 
Banbury after the bagasse. l 

fw 

(z) 	The comocunded product

'.' 4 rom the Ean b u r v Is i.

.e t' of a l r , 

- 55. .3.The Maer; a! Was czomnounded at Ghana Rubber Products 
in a zanz-rv inTtonzie mixer normally used to ccnpound

S er products such as -.hCes. 
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The large blocks of compounded bagasse-filled rubber were cut
into smaller pieces (approximately 20 pounds each) using a
standard rubber guillotine. 
The smaller chunks of compound
were then fed to a two-roll mill (though which cooling water
was 
continuously circulating) which further densified it and
generated a thick 
(1/4 to 1/2 in.) sheet. 
 There was a slight
amount of difficulty at this stage, which had been expected due
to the high filler loading of the rubber. 
This was reflected
in a slightly longer time required to band the compound onto
the mill roll. 
 The adhesion to the mill rolls was poorer than
that usually encountered with rubber compounds. 
 This was a
relatively minor point which was 
easily accommodated by the
plant workers who were 
skilled in correcting for such deviations.
 

The next process stage further refined the compound from a
relatively coarse, thick sheet to a uniform sheet with a thickness slightly greater than that finally desired. 
 This was
achieved by calendering on a two roll mill and batching off
sheets about 26 in. wide, 5 ft long, and about 1/8 
in. thick.
This was 
the simplest form of 
a calender (two rolls), 
but
adequate for the job and was 
was
 

a part of routine processing.
Again, 
no changes in standard operating procedures or equipment
were required. 
 These operations 
are sh.own in Figure 56.
 

Following the calendering, the large sheets were 
laid on a
wooden table and a metal "picture frame" with a cavity was
used as a guide to trim out 24 
in. x 24 
in. pieces for
inserticn into a mold. 
 Brass knives were used for cutting

the rubber compound sheets to size.
 

The control finally used to determine the desirable thickness
for this sheet was 
its weight. 
 It was assumed that the
material to be inserted into the mo!d should equal the
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weight of the final panel plus 10%. 
 These square flexible
 
sheets 
were preforms for the molding operation.
 

The final stage of the BRR process was compression molding. In
 
this stage the intent was to convert the slightly thick flexible
 
rubber sheet into a rigid dense flat roofing shingle. This
 
required only the application of pressure and temperature for a
 
given period of time within a proper mold.
 

The 24 in. x 24 in. dimensions of the shingle were determined
 
by the limitations of the available molding presses (rounded to
 
English units). Molds for this size part were 
not available at
 
Ghana Rubber Products, so 
five were made at their expense.
 
Fortunately, this rubber compound was 
tailored to be usable in
 
very simple molds, which reduced their cost and made them more
 
readily available. The molds consisted of about 1/16 in. 
thick
 
steel plates (two pieces) and a 0.10 in. 
thick steel picture
 
frame with a 24 in. x 24 in. square cavity cut into it.
 

The molding was conducted in a five daylight (opening), hori
zontal platen, steam-heated press, with a hydraulic pressure
 
application system. It was in a building with about six other
 
similar presses. 
 They are used on a 24 hour basis in the
 

manufacturing plant.
 

The molding process consisted of the following steps. First
 
the mold surfaces were sprayed with 
a release agent (silicone
 
or stearate) that was available in spray guns at 
each molding
 
press. The rubber sheet was 
then sandwiched between the two
 
metal plates with the picture frame around its perimeter
 
(mainly to gauge thickness rather than to confine the material
 
at the edges).
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The press was preheated (remaining hot all the time) to 
as high

a temperature as 
could be achieved, which was The
about 300 0F. 

press was then opened and the five molds with the materials in
 
them were inserted in the five cavities of the press. 
 The
 
press was 
then closed and a pressure of about 500 psi applied

immediately. 
The press was 
held closed for 45 minutes, opened,

the molds with their parts in them removed from the press, the
 
molds opened, the parts taken out, and the cycle started 
over
 
again by refilling the molds 
(recoating with release agent
 
about once every three moldings).
 

After extensive adjustment of the steam boiler system during

the duration of the demonstration effort and afterwards by

maintenance personnel and outside service people, it was 
found
 
that temperatures of no greater than 300'F could be achieved
 
with the existing plant system. 
Molding temperatures are very

cri'tical with the BRR system and below 325'F longer times
 
cannot make up for lower temperatures. Molding at these lower
 
temperatures produced only semi-rigid panels which were not
 
deemed adequate for the roofing demonstration. They may have
 
some utility in the future, especially if sort of corsomc: 

rugated pattern is used.
 

The possibility tha: there was 
something wrong with the ingredi
ents was thoroughly eliminated when small quantities of 
the
 
roofing composition were molded in 
an electrically heated
 
laboratory press. 
 Four inch thick discs were manufactured.
 
This particular point is very important, since 
it illustrates
 
that all of the necessary technolcgy for manufacturing this
 
roofing product was 
made available at Ghana Rubber Products.
 
Thus, roofing can be manufactured with the BRR system at 

time that temperatures of at 

any
 
least 3250 F can be provided to the
 

molds.
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Unfortunately, this shortcoming terminated any further demon
stration of this system with respect to making usable rigid
 
roofing shingles that could be used in 
a roofing demonstration.
 
Ghana Rubber Products, however, has an 
intense interest in
 
moving ahead with this product and therefore are purchasing a
 
new boiler which should be installed and in operation early in
 
1978. 
 This is a very sizable commitment which helas to assure
 
their continued interest. 
Achieving the higher temperatures of
 
the new boiler is of little value elsewhere in their plant.
 

A manufacturing demonstration of BRP roofing shinqles was also
 
conducted in Ghana, although late in the program (November 197?).
 
The details of this plant 
run are given in a trip report
 
11 November 1977, in Appendix G. 
Included in the demonstration
 
was the manufacture of 20 in. x 20 
in. BRP panels that contained
 
a filler consisting of 75% 
bagasse and 25% mahogony wood shav
inqs. The manufacturing went like clock work using methods
 
identical to those described for Jamaica. 
 The only differences
 
were the incorporation of the wood residues, 
the smaller panel
 
size, and the reduction in cure time 
to 1.5 minutes. Over 300
 
sq ft of 10 in. x 20 in. 
roofinq shingles were manufactured at
 
Ghana Rubber Products Ltd., Accra. The process details are il
lustrated in Figures 10 
and 57, and the molded untrimmed panels
 
in Figure 11.
 

3.3.3.3 Roofing Demonstration - Construction
 

One roof of %100 so ft was installed using 10 in. x 20 in. BRP
 
shinqles at the C.S.I.R. Secretariet in Accra. 
No 3RR roofs were

actually fabricated since shingles could not be manufactured.

However, plans were developed for fabricatino BRR roofs by. BRRI
 
utilizinq a low cost rural 
housing scheme. It is hooed that

BRR roofs will actually be constructed in 1978 based on these

plans using shinales to be manufactured by Ghana Rubber Products.
 
Lona-term DerforMance of the roofinq installations 4ill be
 
monitored by the Building and Roads Research Institute.
 

The houses to be roofed were selected by the Building and Roars 
Research Institute (BRRI) and were to be compatible with their 
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planning with respect to low cost housinq, especially in rural
 
areas. 
 It was expected that roofinq useful for housing based
 
on BRRI's brick and wood utilization Program would be considered.
 

The building to be covered with the BRP shingles was 
selected for
 
its appropriate type and size 
(with respect to available shingles),

location 
(with respect to control by BRRI), 
and availability.
 
It was a security house under construction at the C.S.I.R.
 
Secretariet in Accra. 
 The roof was 
designed to have a relatively

high pitch (1 ft in 
4 ft) which could accomodate a shingle tye
 
system. The building had a floor area of 60 
sq ft and thus
 
required %100 
sq ft of roof area. The C.S.I.R. location put

it under the control of BRRI 
so that it could be monitored in
 
the future and be viewed easily by interested outside parties.

It was under construction in November 1977 when the BRP shingles
 
were made available.
 

The roof consisted of 10 in. 
x 20 in. BRP shingles nailed to
 
1/2 in. x 2 in. nurlins spactd at 
3.5 in. centers (more closely
 
spaced than necessary to 
imorove aonearance). 
 These ourlins
 
were attached to 
2 in. x 4 in. rafters. An overhang of at 
least
 
1.5 ft was provided on 
all sides. Construction of the roof is
 
shown in Figure 58, and the completed roof in Figure 4.
 

The plans for defining additional houses and detailina their
 
construction are 
presented in 
the 25 October 1976 report in
 
ApDcendlx G. 
The housing scheme is 
a rural one 
being develoned
 
at BRR: through Mr. Afele. 
 Various tyne houses and housina
 
arrancements are 
being considered in 
this housing scheme. Some
 
have been tried, with various degrees of success, and further
 
work is being restructured to remedy initial objections.
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(a) 	 Purlins consisted of lath
ing nailed on 3.5 in. 
centers to form a strong, 
wind-resistant roof.


-A-P 

(b) 	 The exposed portion of t1te
 
shingles was only 3.5 x
 
20 in. to help achieve a
 
rustic appearance.
 

- (c) 	The singles were nailed
 
_wit 
 I in. flat head 

L a.s andgalvanized 


,were cut wit-.'-and saws
 
* '. 

• :.	 
. a 

F7gure 55. Ccnsr'acton Of t._, 3RP roof was porformed at the C.S.T... 
2_cretarict i..Accra by their :arpenters using available 
tools.
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It appeared during discussions on the rural housing scheme that
 
materials of construction presented no real problems, except tho
 
use of more indigenous materials wAs highly desired, especially
 
with respect to roofing. The main problems hinged on social
 
aspects, which were related to economics. For example, cost
saving designs that introduced social changes, such as shared
 
kitchens and outdoor and indoor livinq areas, were meeting with
 
some opposition. 
The problem seemed to be compounded in the
 
rural situation where the average family size was about 14
 
persons. Thus sharing space, where more than one family was
 
involved, required accommodating relatively intimate inter
actions between upwards of 20 to 30 people.
 

The relationship of this roofing development program towards
 
assisting and solving some of the social problems hinged on
 
makinq available lower cost materials so that some 
form of
 
separate housing could be considered for each family unit. It
 
was 
then up to BRRI personnel to plan for the best utilization
 
of these materials. Unfortunately, it is probably unrealistic
 
to think that such a major reduction in roofing costs could
 
be achieved with the proposed roofing system to accommodate
 
this intent entirely. Howover, the cost benefits 
(especially
 
as 
related to Ghana government support and a reduced requirement
 
for foreign exchange) were expected to increase their latitude
 
in designing specific houses or 
housing schemes.
 

It is anticipated that a roofing dvcmonstration using the BRR
 
system will take place in 1978 th:,ough the efforts of Ghana
 
Rubber Products and BRRI. It is recommended that the orimary
 
intent of the demonstration be to make materials, fabricate
 
roofs from them, and initiate a test for their durability under
 
Ghana climatic, environmental and socio-economic conditions.
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Then, while further developmental efforts with respect to roofing design and defining of the desired type houses are conducted,

evidence will be gathered to demonstrate that indeed the materials
 
system is viable.
 

BRRI has agreed to provide a complete evaluation of the roofing

by observing it and performing tests as 
necessary over the
 
ensuing years. 
 They will then have the necessary information

available for consideration of this material system, along with

others that are presently being considered in their Institute,
 
with respect to aspects of construction.
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3.3.4 Philippines - Non-roofing Construction
 

Material Applications
 

The availability of facilities and a very strong interest in the
 
Philiopines provided a unique opportunity to evaluate the baqasse
reinforced phenolic (BRP) material for construction aoolications
 
other than roofing. The BRP system is highly tailorable in this
 
respect, which was demonstrated in the Philippines, providing the
 
materials for the construction of total houses from these material
 
systems.
 

The bagasse-reinforced phenolic (BRP) dry-blend system for
 
fabricating 4 ft x 16 ft panels was intensively studied in the
 
Philippines by National Housing Corporation personnel. The
 
details of these studies are contained in Appendix H.
 

The BRP system was examined at various levels of resin content
 
(from 5 to 30%) to achieve the lower cost panels necessary for
 
non-roofinc applications, such as wall panels, ceiling panels,
 
etc. 
 Such lowering of resin content would compromise water
 
resistance somewhat, but this was not expected to be 
a problem
 
for interior applications.
 

Five tons of bagasse in various forms (whole, cut, wet-depithed,
 
coarse and fine) were processed in the Banbury mixer at Goodyear
 
Rubber Company with the necessary oils and pigments. These
 
five types of refined bagasse were transported to the National
 
Housing Corporation where they were dry-blended in a cement
 
mixer with a powdered or liquid phenolic resin and molded into
 
4 ft x 16 ft panels.
 

Simultaneously, a comparable quantity of whole bagasse was cut
 
and screened in standard National Housing Corporation particle
 
board plant processing equipment to determine whether this type
 
of refined bagasse could be used in the BRP process. This
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equipment would eliminate the need for a Banbury and allow all
 
processing to be conducted at 
the National Housing Corporation
 
facility.
 

The practical and economically feasible range of powdered
 
phenolic resin binder was established to be 5 to 30% by weight.
 
The higher resin contents are required for the roofing appli
cation; progressively less could be used for exterior siding,
 
interior wall panels, etc.
 

The possibility existed of developing even 
lower density mate
rials based on the BRP system. 
These very low resin content
 
materials could be used where their acoustical or thermal insu
lation characteristics are of value. 
The inherently good fire
 
resistance qualities of the phenolic-bonded bagasse make it
 
attractive for these applications.
 

Three phenolic resins were examined, including one of a liquid
 
type. These included the imported Monsanto Company resin,
 
Resinox 736; a locally manufactured phenolic powder, Borden
 
MC-282; and a liquid plywood glue, Borden HL-4645. The use of
 
the liquid phenolic resin was 
of particular importance, since
 
it would permit the existing National Housing Corporation chip

board plant equipment to be used with minimum modification.
 
The liquid resins 
are also much cheaper. 
The liquid phenolic
 
resins were anticipated as 
being useful in these slightly lower
 
density, non-roofing applications.
 

The extension of the bagasse-reinforced phenolic with ground up

wood chips was examined. The starting point was a BRP system
 
with 40% 
dry phenolic powder. Compositions were made incorpo
rating either coarse or 
fine wood chips at levels of 25, 50 or
 
75%. 
 The optimum ratio of bagasse to wood chips in the ccmposite
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panel was tentatively established at a level of 50% 
fine wood
 
chips to 50% bagasse, although this point is still being in
vestigated.
 

Curing cycles were also examined to establish minimum curing

times and temperatures. 
Good cures were achieved in 6 to
 
10-minute cycles at 260OF and even at 
3 minutes at 300 0 F, in
 
small-scale tests.
 

The physical properties of the products, including density,

modulus of rupture, water absorption, and swelling of the pro
ducts were determined on all of the products; 
these data are
 
provided in Appendix H. The densities were greater than 1 g/cc
 
over the entire range of resin concentrations from 7.5 to 
30%.
 
Modulus of rupture (strength) values were high at all resin
 
levels. For example, at 10% resin concentration, strengths up

to 6500 psi (460 kg/cm
 2) were obtained. Moisture contents and
 
percent swell were also low for all samples, averaging about 5%.
 

Panels from 1/8 in. to 1/2 in. 
thick, shown in Figure 59, 
were

molded in the same facilities used to make the roofing panels

discussed in section 3.3.1. 
 The process was identical except

for the blending in of additional wood chips. 
 One problem that
 
was encountered was difficult release of the molded boards from
 
the aluminum caul plates. 
 In a few instances sticking was
 
severe, due in 
part to the roughness of the aluminum caul plates.

Better surface finish and controlled application of the mold
 
release can assuredly solve this problem (as was demonstrated
 

in Jamaica).
 

It appeared that an economically viable process for manufactur
ing building panels, based on wood chip-extended, bagasse-rein
forced phenolic composites had been demonstrated. 
This was judged
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from the physical properties and the anticipated material
 
manufacturing costs. 
 These materials can be manufactured on N
 
continuous production basis, with only very minor modifications
 
to the National Housing Corporation particle board plant. 
 Thus,
 
materials for other parts of a house, not just roofs, can be
 
developed around the BRP system demonstrated in this program.
 
Fabrication of one or more model houses from these materials is
 
scheduled, as illustrated in Figure 60.
 

Several general conclusions can be stated, based on the results
 
of the demonstration of the BRP system for non-roofing appli
cations. 
 First, the most useful form or type of bagasse appears
 
to be whole bagasse which is dried and cut, without separation,
 
in the NHC particle board plant chopping and refining equipment.
 
Thus, it appeared that a Banbury would not be required.
 

Second, minimum and useful ranges of resin binder content were
 
established for several anticipated applications. Extending
 
the BRP system with wood chip fillers was investigated, and
 
optimum ranges of compositions are being established. The
 
phenolic-bonded bagasse acts as 
a continuous phase surrounding
 
the wood chip particles in this particular system.
 

Third, physical properties of the products, including density,
 
modulus of rupture, moisture uptake, and swelling in water have
 
been shown to be very good, compared to urea/formaldehyde-bonded
 
wood chip particle board.
 

Finally, the anticipated low raw material and manufacturing
 
costs of the bagasse-reinforced phenolic composite material
 
make it suitable for a wide range of applications. The use of
 
the phenolic (phenol/formaldehyde) resins was 
successfully
 
introduced to NHC personnel, effecting the technology transfer
 
in the processing and curing of these resins.
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NHC Manufacture 
Particle of Structural Panels 

for Construction uses 
Plant from Modified - BR PSystem 

Construction of Houses 
from Modified - BR P 
Structural Panels 

Figure 60. 
 The BRP material system is highly tailorable with respect
 
to lowering of cost while retaining structural integrity
 
necessary for construction materials. 
 This was demon
strated in the Philippines.
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3.4 ENVIRONMENTAL IMPACT EXAMINATION
 

The possible effects of the wide scale manufacture and use of the
 
developed roofing on the land, 
water quality, atmosphere, natural
 
resources and cultural, socio-economic, health and general aspects

of habitation were given an "initial environmental examination".
 
It is concluded that the roofing will not have a signficant effect,

and certainly not a negative effect on the environment in the
 
participating countries.
 

As a matter of policy, AID is commited to a careful consider
ation of the environmental implications of all AID-supported
 
projects. Accordingly, all AID projects must include an
 
"initial environmental examination" in which the possible
 
effects of the wide scale application of the results (positive
 
or negative) are considered.
 

Major areas to be addressed include the effects on: 
 land use,
 
water quality, atmosphere, natural resources, and the cultural,
 
socio-economic, health, and general aspects of the inhabitants.
 
Of the eight areas listed for evaluation, in oiily three is there
 
any (slight) environmental impact. The three areas where there
 
is, or could be, some limited (not necessarily negative) envir
onmental impact are in 
the areas of water quality, natural
 
resources, and health.
 

3.4.1 Water Quality
 

In three of the four processes developed, including the ones
 
most likely to be implemented for wide scale use, there 
are
 
no by-products introduced into the plant process effluent
 
water, and therefcre no environmental effect on water quality.
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The fourth process, phenolic-bonded oriented, bagasse fiber

panels includes inorganic acid salts to precipitate the phenolic

resin. 
These acid salts, along with soluble organic compounds

from the pith, are carried out with the process water. 
In these
 
respects, this process is similar to those in the U.S., 
and

other developed countries, for manufacturing wood hard board

and paper. Accordingly, if 
this process is used on a large-scale,

established methods of treating this type of waste water will
 
be applied.
 

3.4.2 
Natural Resources
 

3.4.2.1 
 Diversion of Bagasse to Manufacture of Roofing
 

The anticipated effects of diverting bagasse from its present
 
use to manufacture of roofing differs in the three participating
 
countries.
 

In the Philippines, the production of sugar 
(and bagasse) is
 
so large that the 15-25% excess, over that required to 
fire

the boilers at the sugar mills, presents a waste disposition

problem. Utilizing a fraction of the 
excess for roofing should

have positive benefits in reducing pollution of streams, where
 
the excess is now dumped.
 

In Ghana, the bagasse is used exclusively for firing the boilers
 
at 
the sugar mills, and there is, 
at present, 
no excess'. Govern
ment planners project that increasing sugar production (already

scheduled) will insure 
excess which could be diverted to roof
ing in about 3 years. 
 An interim use of bagasse in quantity

for roofing would require that the sugar mills convert to
 
residual oil firina 
(from Ghanian petroleum refining).

Government of Ghana reportedly would 

The
 
like to "encourage" usage


of the excess residual oil 
for fuel applications.
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Alternatively, saw dust, the second best filler for roofing com
posites, 	could be used in Ghana to make products similar to those
 
from bagasse.
 

In Jamaica, the sugar mills are now fueled with bagasse (75%)

and petroleum (,25%). 
 Some of the bagasse by-product is utilized
 
in making a bagasse board that is bonded with urea/formaldehyde
 
resin. 
Because of the deficient moisture resistance of the hinder,
 
there is 
a limited market for this bagasse board, and the plant

(Standard Flilding Products) operates at much less than its
 
capacity. Partial or 
complete 	conversion of the bagasse board
 
plant to 	production of the more durable bagasse reinforced phenol/

formaldehyde bonded composite should have only favorable results
 
(larger markets, increased employment, etc.). The management of
 
Standard Building Products, with whom we have been working, are
 
strongly 	in favor of this development.
 

3.4.2.2 	Effects of Diverting Natural Rubber to
 
Production of Roofing Composites
 

Natural rubber is produced in excess 
to current use in both the
 
Philippines and Ghana. 
 Diversion of 
some or all of the excess
 
production should have no negative environmental impact. 
How
ever, positive benefits 
(increased markets, employment, etc.)

should result from full utilization of this natural renewable
 
resource.
 

Natural rubber is 
not produced in Jamaica, and there is 
no
 
intention of importing rubber for 
a process there. 
 Thus,
 
there would be no use, and no environmental impact in Jamaica.
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3.4.3 Health
 

There should be no significant impact on the health and safety

of workers manufacturing the roofing, or people living in the
roofed houses. 
 The processes recommended are already being
 
used in both developed and developing countries for other
 
applications. 
Thus, no new hazards will be introduced by the
 
wide scale manufacture of the roofing.
 

However, depending on the specific formulation, there are two
 
areas of possible, or slight, impact which AID has requested
 
to be included in the initial environmental examination, and
 
these are discussed below.
 

3.4.3.1 Fire Resistance of Roofing
 

Bagasse, the major component in the composite roofing, is pri
marily cellulosic, and has significant silica content. 
As a
 
result, bagasse will burn only slowly and cleanly (little smoke
 
or fumes). Any fuel 
(resin binder or processing oil) that is
 
incorporated into the composite can 
detract from the favorable
 
fire resistance of the bagasse filler. 
 Additives can be used
 
to upgrade the fire resistance of the composite. However, as

in the United States, 
fire retardant additives can 
introduce
 
problems of their own 
in the way of undesirable smoke and
 
fumes 
- if the materials 
are burned by a separate source of
 
fuel.
 

Consequently, a lowest cost" and 
a "fire retardant" formulation
 
for each of the four candidate roofing products was developed.

Interest in the three par :icipatin: countries has been greatest

in the lowest cost nru
c,
the h!hher cost fire retarded
 
material. 
As C. V. Cedrc, Plant Superinte.den 
 at eational
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Housing Corporation in the Philippines, expressed it, "People
 
here need first to worry about whether they have a roof over
 
their head, and only much later whether it will burn".
 

It should be noted, however, that none of the candidate roofing
 
materials presents as 
great a fire hazard as the asphalt shin
gles most commonly used for roofing in the U.S. and other de
veloped countries.
 

3.4.3.2 	Use of Water Collected from the Roofs
 

for Drinking
 

The collection and use of roof water for drinking is undesirable
 
for many reasons. 
 It is also not practiced, to a significant
 
degree, in the major population areas of the three participating
 
countries (other sources of potable water are 
readily available).
 

Of the candidate resin binders that are proposed, phenol/form
aldehyde has FDA approval for use in water filters in the United
 
States. Natural rubber formulations are used in hoses and
 
kitchenware where water exposed to it may be used for drinking.
 
The thermoplastic resins sugested are also used for cups and
 
glasses where the water will be drunk.
 

In scme of the lLmite: production of roofing material to date,
 
we have used a high!y effective water insoluble fungistate
 
as "insurance" acainst mold ;rowth. 
 This funcistat will be
 
replaced with one havin7 FDA approval for use in foods, or
 
eliminated altogether in any wider scale production.
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4. CONCLUSIONS
 

4.1 ACHIEVEMENT OF PROGRAM OBJECTIVES
 

The first program goal was to 
"match indigenous fillers
 
with low cost binders 
to produce roofing with a wide
 
range of applicability in developing nations".
 

This technical approach is also the one recommended by the
National Academies of Science in the study they made of the
housing problem, in 
resoonse to UN request, prior to initiation
 
of the US-AID roofing project in May 1973.
 

This goal has been successfully completed, through research done
at MRC's Dayton Laboratory, as well as 
in facilities made available in the three participating countries. 
 Four different products, and processes to manufacture them, were developed that use
a major quantity (70-95%) of 
the indigenous residue of sugar cane
processing (bagasse), along with a minor quantity of natural 
or
synthetic resin 
(30-5%) to 
form a strong durable, flat or corrugated, composite panel. 
 Raw material costs for these four
composites range from US 
6-12t/lb. 
At the anticipated roofing
panel thickness, costs/ft
 2 would be in 
the same range.
 

A second goal was 
to 
"utilize local labor and resources
 
to manufacture a sufficient quantity of the material to

roof four houses in each of the three participating
 
countries 
(Philipgines, Ghana, and Jamaica)".
 

This goal has alsc been substantially achieved. 
 Manufacture of
at least two of 
the four types of products developed was demonstrated on a "plant scale" in 
each of the three countries.
ficient roofing material was orduced to 
Suf

roof four houses in the
 
Philippines, one 
in Ghana, 3nd eight 
in Jamaica.
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4.2 

The third major program goal was to "transfer the neces
sary technology to qualified organizations in the devel
oping countries".
 

This objective has also been accomplished. 
At least one govern
ment agency organization, and one private industry firm, has
 
been identified and directly involved in both the experimental
 
and plant scale production in each of the three countries.
 

SPECIFIC TECHNICAL CONCLUSIONS
 

Out of approximately 50 potential fillers examined,
 
bagasse was easily the best in 
terms of product proper
ties, cost and availability.
 

* 
From at least 10 synthetic and 2 natural rubber binders
 
evaluated, phenol/formaldehyde thermosetting resin was
 
generally best and adopted for use in two of 
the four
 
roofing products.
 

" 	Good alternate binders defined included natural rubber
 
and ABS thermoplastic resin.
 

" 
Using the selected fillers and resin binders, 
four
 
composite roofing materials were developed.
 

" 	For each of 
the fcur roofing products an economical
 
process, that uzilized equipment and facilties avail
able in the developing countries, was defined. 
 The
 
processes are adaptable for mass 
production of the
 
roofing.
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Bagasse can 
be readily fibrillated, and depithed, into
 
strong, water resistant, fire retardant fibers. 
 Whole
bagasse can be used at abnormally high levels with resin or
rubber binders to achieve a durable structural material.
 

* 
A process to orient the bagasse fibers to produce panels

with desirable directional strength properties was defined.
 

The roofing material systems developed probably also have
utility as structural and non-structural building materials
 
for all parts of houses.
 

Clay, ore tailings or 
"red mud" can be bond k I with thermosetting phenol/formaldehyde resin to form strong, durable
composites which, with further development, may be useful
 
in building blocks for walls, floors, etc.
 

The bagasse-filled resin bonded composite roofing panels

have shown excellent short term resistance to the tropic
environment and are expected to have the necessary long
term strength and durability.
 

Strength, life, durability, cost, acceptability and
installability are 
important roofing material character
istics (as expected), 
with cost being of over-riding
 
importance.
 

A totally indicenous resin binder system was not achieved

in any of the three countries. 
 Even locally grown natural

rubber (Philippines, Ghana) required minor percentages of
imported vulcanization chemicals, and locally produced

phenol/for aldehvr resin (Philippines) rea-iires imported

phenol. Howover, compcte 
 "indienuitv, " or lack of it,
was found 
to be less impor ant to 
the project than visual
ized at 
the outset.
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Minimizing the foreign exchange requirement was less im
portant than achieving lowest total cost in roofing. 
 There
 
was 
a willingness to import, necessary ingredients at 
lower
 
cost; 
even when a locally manufactured resin was available
 
at higher cost.
 

Fire retardance in the roofing was found to be less im
portant than lowest overall cost. 
 "These people need first
 
to have a roof over their heads, then they can begin to
 
worry about fire. After all, there's other things (wood)
 
that will burn in these houses".
 

Technology at a high level is available in each of the
 
three participating countries in both government organi
zations and industry.
 

The identification and use 
of a qualified "Advisory Com
mittee" to make technical expertise available, and lend
 
added credibility to the project was a highly desirable
 
aspect of the methodology.
 

The acquisition and use of a participating technical work
ing group was 
highly beneficial towards implementation of
 
the program and successful completion of the technology
 
transfer.
 

Person-to-nerson contact was found to be essential to
 
efficient technology trans:er.
 

Locating and utilizing a single, qualified, enthusiastic
 
collaborator to coordinate the effort in each participating
 
country was also essential.
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Technology and enthusiasm, required to further the develop
ment effort, was usually available at the highest level in
 
private industry.
 

Consulting working visits to each of 
the three participating
 
countries on a regular periodic schedule maximized the
 
effectiveness of the MRC team with respect to supporting
 
the developing country participants.
 

A follow-on or utilization phase is needed in each of the
 
participating countries in order to consolidate the results,
 
to secure continuing plant production of the materials,
 
and to implement large-scale use of the products in housing.
 

With a follow-on program of appropriate scope, prospects
 
for commercialization in each of 
the three participating
 
countries is excellent.
 

An initial environmental examination of the processes and
 
products proposed does not reveal any significant environ
mental threat or hazard to the health of workers or users.
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5. RECOMMENDATION
 

It is recommended that a follow-on program on an appropri

ate scale, be implemented in the partioipating countries
 
to obtain plant scale production, and large-scale sale
 
and use of the composite panels in roofing and other parts
 

of the houses.
 

The follow-on work should emphasize developing of process
 
and facilities for manufacture of thin corrugated panels
 
for roofing in order to achieve highest directional
 
strength, longest roof spans, and lowest overall cost.
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APPENDIX A
 

CONTRACT STATEMENT OF WORK
 

PrevIO ~ousc e Blank
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CONTRACT STATEMENT OF WORK
 

The Contractor shall make available and employ its research
 
and development facilities and personnel to carry out 
a three
year research and development pnogram directed toward developing,
 
testing, and evaluating low-cost binders applicable in meeting

DC roofing needs. The experimental program will be conducted
 
in three twelve-month phases as described below.
 

The binders developed shall be low in cost--particularly in
 
foreign exchange costs, broadly applicable to a variety of
 
locally available cheap fibers and fillers, easy to handle and
 
apply, resistant to wear, and with thermal and other properties

suitable to the tropics and socio-economic constraints of develop
ing countries.
 

Although it is recognized that the bulk of the research will
 
likely be in the field of plastics and resins, the project is
 
also to explore other binding materials, such as rubber,

asphalt and cement 
(especially "ferro-cement"), pursuing them
 
if they appear more advantageous than polymers, etc.
 

The objective is to provide 
a key ingredient for DC roofing
 
that 
can maximize utilization of local natural resources,
 
surplus manpower, and limited manufacturing Ca-abilities, in
 
producing a cheaper and better product than is now avanlable.
 
Targets are 
DC low-cost housing proects and develo-ment of
 
villase 
level industry or self-held methodology.
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Phase I - Material and Process Develo ment; and Socio-Economic
 
BaseStud
 

The initial phase will:
 

(a) 
involve the selection of three developing countries, 
one
each in Africa, Asia and Latin America (with disparate
climatic and roofing problem characterI-stcs) 
as geographical sites for demonstration 
Purposes;
 

(b) 
selection of local personnel and institutions for col
laboration;
 

(c) 
collection for analytical testing of commonly available
native fibers, fillers, or other plentiful and cheap
materials, including agricultural 
wastes, which may be
used as 
a resin source 
or as fibers, etc.;
 
(d) 
collection and study of pertinent literature
roofing needs, on DC
 on existing roofing materials and types
in both developed and developing countries, 
on related
projects, experiments and potentials, 
to 
avoid duplication and to 
utilize earlier experience;
 

(e) 
study of the build-Ing styles, t.ends, codes, structural
characteristics, 

total costs, foreign currency costs,
and the organiza-ion and infrastructure 
controlling 
new
low-cost hcusing cnstructjon, 


projects and 
both in :arger housing
in 3e_.-.heip 
or village and town-level local


constr'uction;
 

(f) study of the social, ctura, 
marketing and economic
constraints 
and :,arac.eristis 
which would inhibit
enhance accetalnc or
of new roofing materials and styles;
 

s%I.SAN-C3A: 
C~R, 



(g) 	study of the 
local labor market pertinent to roofing
 
manufacture, distribution, self-help processes, etc.,
 
including quality and trends, and
 

(h) 	initiation of processing techniques, testing and pre
liminary design.
 

Phase II - Design, Manufacture, Testing and Evaluation of
 
Prototype Roofing
 

Phase II will incorporate the most promising materials into
 
prototype roofing panels, provide for scaled-up evaluation,
 
testing and environmental exposure, incorporate advanced
 
architectural design responding to strength, longevity,
 
cost, labor and acceptability, and lay the ground work for
 
full-scale construction and demonstration activities in the
 
developing nations.
 

Phase II - Manufacture and Field Testing of Full-Scale
 

Roofing
 

Upon 	acceptance by AID of fully tested and successful proto
type(s), in Phase !I! construct a total of at least 12 full
scale roofs with local manpower, and evaluate in company with
 
local cfficials. Particular attention will be placed on
 
soco-eccnomic factors in 
terms of acunotabi:iy of the 
new
 
root'! g system, the lack f foreign currency requirements, 
the total cost, the level of involvement of unskilled and 
semi-skilled labor, the expected performance -harac:eristics 
(thermal, acoustic, durability, strength, longevity, etc.), 
the encouragement of development of local industry, the 
utilization of 2heap and plentiful fibers and fillers, or 
other i:cal material resources, and the transferability 

aspects. 
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APPENDIX B
 

SELECTED TYPICAL LETTERS OF INTEREST AND/OR INTEREST IN
 
PROGRAM AND MATERIALS IN PHILIPPINES, JAMAICA, AND GHANA
 

Letter Standtrd Building Products Ltd.,
 
March 9, 1976
 

Letter Standard Building Products Ltd.,
 
November 10, 1976
 

Letter Ghana Rubber Products Ltd.,
 
April 23, 1976
 

* Telegram USAID Manila, October 1, 1976
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STANDARD BUILDING PRODUCTS LTD. 

P.O. Box 29, Spanish Town, Jenaica. Telephone: 984-2296. Cables: Stabilprod. Telex: 2269, Codiflco, Jameica, W.I. 

March 9, 1976 

Mr. George L. Ball III 
Project Leader-,
 
US-AID Roofing Programme
 
Monsanto Research Corporation,
 
1515 Nicholas Road,
 
Dayton, Ohio 45407,
 
U. S.A. RNC:hg 

Dear George: 

I am in receipt of your letter of February 23, 1976 regarding 
Standard Building Products' participation in the Us-AID Roofing 
Programme, and this letter will serve as our commitment to 
participate in this programme in accordance with the criteria 
set forth on pages two, three and four of the above-mentioned 
letter. 

All raw materials to be supplied by Standard Building Products 
Limited in order to implement this programme are currently 
in inventor-y at Standard Building Products Limited and have 
been reserved for your use. There will be no cnarge for these 
raw materials. 

It is our intention to locate your wet-depithing, washing, mat
forming and lay-up equtoment in our Laminating Plant which is 
the building that currently houses our single opening daylight 
4' x 10' Hot Press. We would further anticipate the preparation 
of the roofing panels by an application of a preservative (Penta) 
and the application of the aluminized aspr'alt paint at our Factory. 

Needless to say all lanorat-r-y and quality control facilities shal 
be put at your disposal. 

S 5;EACC- :q0^.R-CN 



--- - - - - -- - - - - - --- - - - -- - - - -----

IANSAN I OM4 M UCIS LTD. 

Mr. George L. Ball I1 - 2 - March 9, 1976 

We would be most interested in having, at your' earliest convenience, 
the drawings of the frame and the fabricating mould that will be attached 

to our 4' x 10' Hot Press so as to ensure the design is in fact compatible 

with our facility. 

Standard Building Products Limited looks forward to working with you 

and all others involved on this project and promises every co-operation 

to ensure a successful pilot run. 

Yours sincerely, 
Standard Buildin ducts Limited 

-roesident & Chief ecutive Officer 

cc: 1, 0. Salyer, MRC, Dayton 

Alfrico D. Adams, Douet, Brown, Adams & Partners, 
7 Llsmore Avenue, Kingston 5, Jamaica. 

Technical Director. Scientific Research Council, 
P.O. Box 350, Kingston 6, Jamaica. 

Dr. Thomas Hughes, Dept. of Physics, UWM, Kgn.6. Jamaica 

Mr. Nick J. Mariarl, Programme Cfficer, Us-AID Mission to 

Jamaica, Duke Street, Kingston, Jamaica. 

Mr. Douglas Wynter, Technical Director - R & D, SEP, Jamaica. 

2NEEARCP4 :0C A-. * 



Nov1e 10, 1976 

Mr. lick J. firani
 
Prormm Officer
 
UZIWD Missiom to Jamaica
 
Duke Street
 

Dear 8ir:
 

This lettar is to indicate our participatiom, oaidewe a inteet in thedense phenolic bonded rofing material devloped by Msanto bmarcb Corpo
ration through AiD Washington.
 

First, we will realize the potential of baqase products 
 foT construction inJamaica to reduce housing costs and Uminimze foreign exchange requirgmts.Wo infact, manufact.re b&qasse board that is used for interior onstruction
and furniture. Whereas, there is a broad market for our board, it is notsuitable for exterior application on walls, roofing and or fencing. We feel
that the dense pheolic bonded 
roofing panel developed through you offers a
 
way to better utilize our ind&qgnous bagas" in Jamaica.
 

Our confidenc, and interest o0 this product is reflected in our participation
in the R G D programe of Msanto aesearch Corporation over the past two
year. This particioation is wv reflected 
 in a pilot manufactex. of about6000 square feet of roof shingles for which we are ctributing facilities,
sanpuver and the assistance of our technical staff ombined (an-. in kind contribution of approximately $40,000) The roof shingles should all be manu
factured by Decer 15.
 

As you are probably aware the manufacture of 6000 square feet of shingles isto provide exerieamtal roofs to demonstrate the durability and practicality
of the roofing material in Jamaica =ner our local evirmnenta;, veather andae conditions. Needed then is a developnt programe to thedefine metreliable and acceptable roofing systm for this material. 

By means of this letter I an formally requesting that US AID provide assistanceto us in the way of technical support from.onsanto Research Corporation, andthe Jamaica Scientific Pesearch Coucil avd the neoessary materials, tooling,
eta. to oonduct aM complete the development programe. 

ont'd... ...... / 

http:manufact.re


E. iskJ. ui i " 2 " Mf0zo , 1976 

ZS eheM08 I offer our nthuMiA faCilitie m d taff to dais. the 
rosults of the dGv.losmt pror &0d vill ttwt to Mmk. symiLable
ad ammare"s. the roOfiAn mtariAl Owe the tieslchto results and
Ommi. instrat that it is riqbt for JOtoe md Standard smilidg 
produts Ltd.
 

Tours faithfully,
 
MANDARD SIL]M 1 LZXTS
 

/am N. Mraf 

a.c. 	 iafrioo Adams, Doint, Brmu & A&d 
Technicia Director, scientific Research Com il 
Al Richards, ministry of oling 

eozrie 	 L. gall, amoisto ]t..ar=h Cozportio. 

JWI ja~j
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GHANA RUBBER PRODUCTS LTO
 
Ta.1. 21771 

Telex: 2088 B.ox
 

.O Accre,
Cable: Ghnehs 
 ah"a,
 

Gha.l 

Our Ref: 34/29!9 

23rd April, 1978
 

Mr. Ceorge L. Cal. 1.1, 
c/a roam 27,
Thu Ambassadcr FItal,
ACCIA. 

Dedr t.2".)all, 

Following the discussjcns held in our offices on T'iursday, the15th of April, we wish to
the 

conFin, cur continued interyst infibre reitf-cad rubter roof Lng ma arial project. Curcompany iz willJ-g to particCat3 in the experirvntal stagesof this pioJect and wre undartaka to -nix a tial atch tl-m.ughour biznbry and calrd- durt '..ay or wonever c. rmteria!3can bs -de available. It is understood that thq initiailtrial bazch will be approxi;Ttaly to ,etrle tons. 

At the earliest cppcrtunit, .ae .ill iat you have an indicationof the acproxIjate costing involved. '.'/o
wish to place onrecord that 
both 

our coarany is -noa interested in this project,in tna snort term 3xperitnantal stage 2nd alao in theultimeta long teor- possibilities. 

Assurirrj you curof ccntinued cc:artizn, 49 reriin. 

Yours flthfully, 
f r iLESLE PRCCUCTS LTD. 

P.L. "ZZT-FAN 
0 eneral Manager 
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APPENDIX C
 

REPRESENTATIVE DATA ON BONDED ORIENTED BAGASSE (BOB) SYSTEM
 
GENERATED BY UNIVERSITY OF WASHINGTON
 

.
 Section from Master Thesis, Harry Christensen,
 
University of Washington, 1976
 

0 
Progress Report, Ben Bryant, September 30, 
1975
 

a Progress Report, S. T. Hsu, October 31, 
1975
 
* Data Tables 53 and 54 
from 2nd Annual Report
 

December 18, 1975
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ABSTRACT
 

An innovative roofing product manufactured from agricultural residues is described and aalyzed. The analysis is dividedthree partst into1. A brief summary of the housing situation in themodern world, particularly in developing countries. 2. Discussion ad
description of a 
roofing product designed for use throughout the developing world as a substitute for the universally used galvanized 
 iron roof.3. The methods which would best transfer this product and technology
for manufacture in the developing worlds

In Part I world housing is discussed, particularly thehandicap brought on the poor by rising costs, rising middle-clAss valuesand the lack of housing available in an affordable price range. A lowcost roof is a needed item in developing cou.tries where 
 the commonlyuaed galvanized iron roof draws into the limited foreign exchange.
Part II sumAaizes a process through which an inexpensivesubstitute roofing material can be made, Market comparisons are studied
and the cost of setting up a aanufacturing plant is included, A simple
process is described by which 
 relatively inexpensive sheets of corrugated
roofing material can be manufactured in developing countries. 
 The productmade from agricultural residues can be made in a low-capital Investmentoperation which is labor intensive. Oriented fiber aiats are made in abatch process from a water slurry that contains fibers, phenolic resin
binder, and wax. 
 The mats are pressed at relatively low pressure (plywood
pressures, up to 250 psi) and then post treated with a water resistantsealant coating in preparation for painting with an aluminized coating.Fire retardants are currently being tested for use in conjunction withthe sealant. Analysis of the costs of setting up a pilot olant indicatedthat the plant equipment mignt have to be subsidized to produce a
product with a price truly affordable by the pcor.

The final section of tais paper explores the various methodsby which a pilot plant could be set up in a develooing country and tnoproblems associated with t6e acceptance of such a facility by the community,A viable alternative ap ears to be th-rougn an already established CnristianXission or relief organization. lnitial market acceptability could beenhanced by using the product for mission churches, schools, and residences. 

a5s 
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MaJor advantages of Co0B local manufacturing,are no import
 
Costs, inigen 
 , and, moot important, low cost yet good quality. The
 

aor disadvantages 
 are, its lack of fire resistance, lack of on-site
 
testing (currently being installed on 
test houses) as roofing, and lack
 
of acceptance since it an
is unknown products. Creating market accepta
bility will be discussed in Part III.
 

To find out how 
 COB compared with CCI under loading, some
 
uniform load 
 tests were made. Figure 19 shows the method of lopding and
 
the formula for finding E 
(modulus of elasticity x moment of inertia 
strength measuring indicator). Uniform load 
 tests were made on CORd And
 
CGI as well as on corrugated aluminum 
 and corrugated fiberglass. 

Table 6. 

Data on comparative uniform load tests 

Bagasse Steel 
 A.luminm FibergtasDimensions .109 "x21"x72 .031"x21"x72of 
,038 x21"x72 •O3""x21"4x2*@ 

test panel 

Panel weight 5.67 lbs. 11.46 lbs. 6.60 lbs. 2.47 lbs. 

Corrugation 
wavelength ).00-
 3.26" 2.74" 3.26"
Amplitude 0.715" 0..5313 0.978" 0.5)6" 
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ORIENTED HARDBOARD
 

Progress Report
 
(September I - September 30, 1975)
 

from
 

University of Washington
 
College of Forest Resources
 
Utilization Research Group
 

1. 	Made one oriented bagasse mat; sent to Monsanto Research Corp.
 

2. 	Tried out 20% resin addition on bagasse hardboard; tested It's
 

effect on wet-strength (one set of samples sent 
to M.R.C.).
 

3. 	Tested the effect of asphalt on the wet-strength of bagasse
 

hardboard.
 

4. 	Prepared linseed oil 
temperins treatment.
 

F E 



The Effect of High Level of Resin Addition and Asphalt on the Wet-Strength
 

of Oriented Bagasse Hardboard
 

Summary
 

It is Important that oriented bagasse hardboard used for exterior type of
 

application such as roofing has high wet-strength. The previous results have
 

shown that bagasse hardboard with 5% resin and 2% wax additions did not meet
 

MRC's required 50% strength-retention objective. To determine the effect of
 

higher levels of resin addition on the wet-strength of bagasse hardboard, in
 

this experiment, 20% resin level was used. The resin was applied by both the
 
precipitating method and the spraying method. Boards were pressed at both wet
 

(200-250 % MC) and damp (20-30 % MC) conditions. The effect of asphalt on the
 
wet-strength of the bagasse hardboard also was explored. The results showed
 

that:
 

1) With 20% resin addition, the bagasse board had higher wet-strength
 

value than those with 5% resin addition.
 

2) The pressed damp condition gave higher wet-strength than those pressed
 

In the wet condition.
 

3) With 20% resin addition the maximum wet-strength (MOE) is 37% In
 

parallel direction and 47% in perpendicular direction of dry-strength value.
 
4) Both 1% and 2% asphalt additions in the board did not affect its wet

strength.
 

Conclusion
 

In spite of the higher cost of resin and process complication, with 20%
 

resin addition the wet-strength of bagasse hardbeard still did not reach the
 

target 50% of dry-strength value.
 

Much resin was squeezed out in pressing in the case of "spraying" method.
 

And resin was lost inmat forming in the case of the precipitate method. New
 

ways of resin application and new types of water-resistant agent will be
 

explored. Our next challenge Is to temoer the bagasse board with linseed oil
 

to achieve 50% wet-strength targets. This parallels commercial hardboard
 

practice.
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Table 1. Test Results of Modulus of Elasticity
 

After 24 hrs.

Before soaking 
 water soaking 
 % of residue strength


Treatment lito grain .Lto grain 
 ilto jrain Lto grain Ito grais 
 .L.to grain
 

Standard 
 636 ,ooopsi 269,000psi 167,000psi 110,000psi 26% 
 41%
 
A 654,ooo 319,000 
 161,000 52,500 25 
 "16
 
A' 765,000 431,000 
 277,000 164,ooo 
 36 27

B 598.000 260,000 
 218,000 130,000 
 37 50

B' 700,000 477,000 
 243,000 133,000 35 
 28
 
C 598,000 275,000 
 152,000 83,500 
 25 
 30
 
C' 438,000 275,000 
 139,000 80,000 
 32 
 29
 

Treatment:
 

Standard - 5% resin 2% wax
 

A = 20% resin, 2% wax precipitated: pressed wet
 
A'- 20% resin, 2% wax precipitated: pressed damp
 
B  2% wax and 20% resin sprayed in centrifuge: pressed wet
 

2%
BI wax and 20% resin sprayed In centrifuge: pressed damp
 
C  5% resin, 2% wax and 2% asphalt pressed wet
 
C'- 5% resin, 2% 
wax and 1% asphlat pressed damp
 

Table 2. Test Results of Modulus of Rupture
 
Before soaking 
 After 24 hrs. soaking Remaining strength


Treatment ii to grain I to grain ito grain L to grain llto grain .to grain 
Standard 5719 psi 
 2762 psi 1667 psi 
 418 psi 29% 51%
 

A 5877 2790 
 1523 
 767 
 26 .27
 
A' 7261 4367 
 2946 
 2066 
 41 
 48
 
b 5170 2690 2407 1238 
 47 49
 
Bi 
 4189 
 2585 
 1784 
 41 
 43
 
C 6024 3155 
 1396 
 1237 
 23 
 39

C' 4838 3315 16^2 1306 
 33 39
 

Note: All tested specimen were prepared frcm 2 boards 
(one for dry test, one for
 
wet test) only. The low vaiue of :reatment A might be counted 
., experimental 
orror.
 

,- ' 
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Table 3. Linear Expansion and MC Pickup After 24 hrs. Soaking
 

Treatment 1lto grain .to grain Thickness swelling Weight Increase
 

Standard 20.12 
 0.40 18.8% 42%
 
A 0.31 0.38 12.0 
 52.2
 
A' 0.20 0.41 10.5 42.4
 
B 0.45 0.37 12.5 46
 
B' 0.1 0.20 24.5 
 56.5 

0.20 0.45 19.5 30.5
 
C' 0.24 0.24 13.7 
 27.0
 

Y6E
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Improving the Properties of Bagasse Hardboard
 
by Oil Tempering and Asphalt Coating
 

ABSTRACT
 

Oil tempering significantly reduced thickness swelling linear
 

expansion and water pick-up of bagasse hardboard 25-35% on both "dry" and
 

"wet" test. Bagasse hardboard with asphalt tar coating showed the least
 

loss of MOR and MOE compared to oil temperirg and control treatments after
 

the 24-hour water soaking test.
 

Oil tempering isa comnercially accepted and widely used process
 

for improving the strength, dimensional stability and durability of hard

board. The purpose of this study was to determine the extent to which
 

these properties of bagasse hardboard could be improved by oil 
tempering.
 

In addition, since asphalt has also been widely used for roof coating,
 

the water repellent efficiency of asphalt coated bagasse hardboard was
 

also included in this study.
 

PROCEDURE 

Thirty 12" x 12" x 1/1" smooth-two-sides random oriented bagasse 

hardboard was made . Each mat contained 5% phenolic resin and 2% wax.
 

These boards were then randomly separated into five groups for different
 

treatments as follows:
 

Group I: Control, without any additional treatment
 

Group 2: 5% linseed oil tempering treatment
 

The mechanically dewatered mats were dried under forced, room-temperature
 

air circulation overnight, cond;tioned at 900 RH for two days and pressed
 

without screen at 280OF under a diminishing pressure (starting at 300 psi)
 

for about 8 minutes.
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Group 3: 10% linseed oil tempering treatment 

Group 4: Hot asphalt coating treatment 

Group 5: Asphalt emulsion coating treatment 

After treatments, the boards of each group (except group 4 and 5)were 
further divided Into two sub-groups: one for the "dry" test and another 

subjected to 24 hours water soaking test to determine the thickness swelling, 

linear expansion, water pick-up and residue strength of the bagasse hardboards. 

All boards in group 4 and 5 were 
for water soaking test only.
 

In oil tempering treatment, boiled linseed oil 
was used in this experi

ment. Two percent of 
a 12% cobalt octate was added to linseed oil as a
 

drier. The oil was heated to approximately 170*F In a dipping pan and the
 

hardboard was immersed Into the heated oil 
until final oil retention reached
 

to 5% and 10% (air-dry weight basis). 
 After the oil impregnated, the boards
 

were dried in a drying oven at 
280*F for 3 hours. The tempered boards were
 

then conditioned at room temperature and ready for further tests.
 

In asphalt tar coating treatment, the asphalt tar of low melting point
 

(150*F, which is the only type available at the time) was heated in a dipping
 

pan until melted. The bagasse boards were then dipped Into 
the pan and coated
 

with hot asphalt.
 

For the asphalt emulsion coating, the asphalt emulsion was applied by
 

brush to the bagasse hardboard at room temperature and allowed to dry.
 

Nine specimens were prepared frxn each sub-group for 
the bending test
 

(by Instron testing machine). The linear expansion, water pick-up and thick

ness swelling were measured from three boards before being 
cut into smaller
 

specimens for bending test.
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RESULTS
 

The experimental results are in Table 1. Oil tempering was very
 

effective in reducing thickness swelling, linear expansion, and water
 

pick-up In the samples subjected to the 24-hour water soaking test. In
 

the "dry" test, the MOR of oil tempered specimens were 34-35% higher than
 

those without oil tempering (control treatment). The MOE of oil tempered
 

specimens were 20-30% higher than the controls. There was no significant
 

different in the "dry" strength (MOE and MOR) between 5% and i0% oil 
temper

ing treatments. However, 10% oil tempered specimens had higher "Wet"
 

strength (residue strength) than those with 5% oil tempering after 24 hours
 

water soaking. In both 5% and 10% oil 
tempering treatments, the "wet"
 

strength was about 50% ior NOR and 45% for MOE of the "dry" strength.
 

The "wet" strength of hot asphlat coated specimen was significantly
 

higher than those of oil tempering treatment. In asphalt emulsion coating
 

treatment, the "wet" strength was even 
lower than those of control treatment.
 

This showed asphalt emulsion had low water repellent efficiency and due to
 

the fact that the coated specimens were thicker than those of control 
treat

ment specimens, the higher I resulted in lower calculated MOR and MOE.
 

DISCUSSIONS AND CONCLUSIONS
 

1) Linseed oil tempering treatment increased both "dry" and "wet"
 

strengths and reduced linear e'pansion, thickness swelling, and water pick

up significantly. The oil tempering 
treatment could easily be accomplished
 

without sophisticated equipment. The cost of tempering oil 
was about 0.3/
 

ft2 for 5% oil tempering treatment. (Boiled linseed oil $0.09/lb In car
 

tank quantity - cost of July, 1973).
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2) In this experiment, all bagasse hardboard contained 5% phenolic
 

resin and 2% wax before oil tempering or asphalt coating treatment. Further
 

study Is necessary to determine the effect of lower resin level 
(less than
 

5%) addition to the properties of the final oil tempered addition to the
 

properties of the final oil tempered bagasse hardboard to reduce the cost
 

of the final product.
 

3) Inexpensive asphalt tar coating showed good water repellency.
 

Further study on this asphalt tar coating process 
1- also necessary.
 

4) The results of this experiment showed that the linear expansion
 

after 24 hours water soaking were only 0.38% and 0.41 % for 10% and 5% 

oil tempering respectively. For a 6' lonq roof panel, the maximum board 

expansion will only be 0.3 inches and may be within the tolerance limits 

as far as roofing material Is concerned.* If the El of the board Is suffi

cient, random oriented bagasse hardboard (with oil tempering or asphalt
 

tar coating) which could be produced In a simple process (i.e. deckle box)
 

could be used for roofing material.
 

S. T. Hsu
 
October 31, 1975
 

To reduce linear expansion further it is comon practice to rehumidify
 

the board to the average level of moisture it will experience In service
 

before shipping.
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Table I 

Properties of Ba-as!e lfardhonrd Treated with Tempering Oil, Asphalt Coating at 

CO-ltro! Test and 2*- firs Water Soaking Conditions 

MOE 1 2Wtd Thick, ass Linear2
 

(ii) (1,000 psi) increase swelling expansion
 

o- 24. hrs. C0- 211 hrs after 241 hrs water soaking 
Tr aLment Lro so king trol soaking 

Control 5, )o 2,800 580 243 25.0 % 18.8% 0.46 % 

5 i tempering 3,00. 5,900 745 505 16.5 % 13.4 % 0.41 % 
-- oil 

10 % tempering 7,900 4,100 
 690 335 15.8 % 13.7 % 0.38 %
 
oil
 

Asphalt Tar ---- 1,500 3--
60 
coating
 

Asphalt Emulsion -- 2,600 --- 206
 
coati nC
 

1. Each value is the average of 9 test specimens 

2. Each value is the average of 3 test specimens 
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APPENDIX D
 

JAMAICA WORKING GROUP TECHNICAL REPORT
 
ON BOB ROOFING RESEARCH AT
 
SCIENTIFIC RESEARCH COUNCIL
 

Progress Report No. 2, Scientific
 
Research Council, July 1976
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FIGURE 1 PHOTOGRAPHS OF TH TWO TYPE OF BAGASSF FIBRS USED. 
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APPENDIX E
 

JAMAICA ADVISORY COMMITTEE TYPICAL REPORTS ON
 
COMMITTEE ACTIONS, HOUSE SELECTION, AND ROOF CRITERIA
 

Report on Selection and Analysis of Criteria
 
for roofing materials, A. D. Adams: January 7,
 
1976
 

Comments on Selection and Analysis of Criteria
 
for roofing materials, A. D. Adams, July 16,
 
1976
 

Letter A. D. Adams to Ministry of Housing,
 
Roof Site Selection, July 16, 1976
 

Letter Ministry of Housing to A. D. Adams,
 
Roof Site Selection, July 21, 1976
 

Advisory Committee Progress Report, December 10,
 
1976
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1.0 

DOUET BROWN ADAMS & PARTNERS
 

LOW-COST ROOFING STUDY FOR USAID
 

REPORT ON SELECTION AND ANALYSIS
 

OF CRITERIA FOR ROOFING MATERIALS
 
------------------------ -_
 

January 7, 1976
 

SCOPE 	OF THE REPORT
 

Thia report is intended to deal with the following:

(a) 	 Identify and discuss the basic requirements of
 

a Roofing System in Jamaica, i.e. those requirements,
 

which, if not met, would make the material quite
 

unsuitable for the purpose, or those necessary to
 

the basic function of a roof.
 

(b) 	 Identify "Highly Desirable Characteristics" of a
 

Roofing System and assign a weighting to each such
 

characteristic.
 

The "highly desirable" characteristics would not
 

necessarily be basic or essential requirements.
 

The wbighting (marks out of 100) assigned to such a
 

characteristic would fall between 60 and 100%.
 

(c) 	 identify, generally "Oesrable Characteristics" for
 

a Roofing System and assign waignting to each such
 

characteristic.
 

These chsracteristics, though desirable, may also not
 

necessarily be essential in a roof, especially a low

cost roof.
 

2sS 
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- 2 -

ROOFING 	CRITERIA
 

Basic Requirements
 

2.1 	 To Keep Off Rain
 

Thia is the basic function of deflecting rain water from the
 
interior of a building. All candidate materials which are
 

impervious will achieve this without difficulty.
 

2.2 	 To Prevent Leakage-


This is tha function of preventing seepage of water through
 

cracks, laps, nailholes, etc.
 

To achieve this, the material must not be prone to cracking.
 

Nail holes should be self-sealing i.e. a driven nail should
 

not create 
a hole 	which is larger than the nail's diameter,
 

but should wedge its way through the material.
 

This latter problem can, however, be circumvented by the use
 

of washers or gaskets.
 

2.3 	 To Resist Water
 

The material should not erode or become water-logged under
 

the effects of rain.
 

2.4 	 To Resist Wind
 

It is essential that it should be 
able to resist frequently
 

occurring winds and gusts, say based on at least five year
 

recurrence interval.
 

It is, of course,'highly desirable'to resist winds up to
 

hurricane speeds, but it is often argued that this is not
 

essential.
 

Wind resistance, of course, depends not only on the roofing
 

material, but also on the spacing and strength of the support
 

system. These can generally be adjusted at an increased cost
 

to 4chieve the necessary wind resistance.
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2.0 ROOFING CRITERIA CONTD.
 

2.5 	 Resist Incidental Loads
 

Have in the tropics, the main cause of super-imposed loading
 
an pitched roofs is that caused by workman during erection
 

and maintenance.
 

The ability to support the weight of a man (plus some excess
 
for dynamic effect) uithout failure or excessive deflection,
 

is therefore essential.
 

It should be noted however, that this can sometimeh be
 
achieved with the help of temporary boards, etc. to spread
 

such loads to supporting members.
 

2.6 	 Keep Out Direct Sun
 

The main requirement is opacity which ia easily achieved.
 

2.7 	 Minimum Life
 

The importance of minimum life of the roofing material 
cannot
 

be separated from that of cost; e.g. a life of 
two years might
 
not be unacceptable, if the roofing material is of negligible
 

cost e.g. thatch.
 

2.8 	 Availability
 

Obviously, availability in sufficient quantities is an
 

essential requirement.
 

3.0 HIGHLY DESIRABLE CHARACTERISTICS
 

As mentioned before, the following characteristics are not
 
essential to the function of a roofing material. However,
 
the absence of any of these characteristics, would tend to
 

make the material a poor candidate for selection.
 

The following is a diacuseion of such characteristics
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3.0 HIGHLY DESIRABLE CHARACTERISTICS CONTD.
 

3.1 A~cceptability to 
User
 

Although this is 
a somewhat subjective ch'racteriatic, it 
is fundamental and is assigned a weighting of 100%. 

In Jamaica, 
the optimum material for this characteristic
 

would be wooden shingles.
 

3.2 Low Coat
 

This is relative and an acceptable level of cost will often
 
vary with other characteristics e.g. 
with long life, a higher 
level of initial cost 
can be accepted. A weighting of 90% is
 
assigned to 
this characteristic. 
 An optimum material for low
cost characteristics 
on 
initial coat would for example be
 
thatch made of cane 
leaves.
 

3.3 Reasonable Life 
 (5 year minimum)
 

For a commercially produced roofing material it is clearly

desirable to achieve 
a reasonable life of the order of 
five
 
years. However, as mentioned at item 2.7, where cost 
is
 
negligible,for example, for 
a roof made by self help, and
 
using very cheap, abundant materials which are available
 
locally, a minimum life of lees than 
five years might well
 
be acceptable.
 

The optimum material for 
a long life would probably be
 

aluminium sheeting.
 

A weighting of 90% 
is assigned to 
the characteristic of 
a
 
5-year minimum life.
 

All 
candidate materials, with estimated life of five years
 
or 
over will be given full marks of this assigned weighting.
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3.0 
 HIGHLY DESIRABLE CHARACTERISTICS CONTD.
 

3.4 Indiqenjus Material (p50%)
 

This is an economic and trade benefit, but it should be noted
 
that if a large prooortion of the "value added" to 
the basic
 
raw material Ls derived in 
Jamaica, then an indigenous raw
 
material content, of lees 
then 50% might be acceptable. 

For this characteristic, a weighting of 80% is assigned.
 

An optimum material for this characteristic would be say
 
thatch, involving little processing and clay tile involving
 

some processing.
 

3.5 Acceotability to Government
 

Although also vital, this 
is somewhat more objective and is
 
a function of certain other characteristics such as indigenous
 
content, load resistance, wind resistance, etc.
 

It is therefore assigned a weighting of 80%.
 

3.6 Fire Recistance
 

This is a desirable characteristic, but many traditional
 
materials are poor performers in this respect; e.g. thatch
 

and dry wood 
ihingles will burn readily. Galvanised iron
 

and aluminium wiUl buckle under heat.
 

An optimun material for this characteristic would be clay
 

tiles.
 

A weithting or 70% is assigned to fire 
resistance.
 

3.7 Easy installation
 

Lightness, nailability, a minimum of fix.,;ns, large panel
 
size, ease of cutting, resistance to broakage, stiffness to
 

support workmen, ere all characteristics which contribute to
 
easy installation.
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3.0 
 HIGHLY 	DESIRABLE CHARACTERISTICS CONTD.
 

3.7 	 contd.
 

An optimum roofing material 
for these considertions would
 
be galvanised iron shaots.
 

A weighting of 70% isissigned to 
this characteristic.
 

3.8 
 Labour 	Intensive anufacturing
 

This has a socio-gconom±c 
benefit which is "luabls for
 
Jamaica. However, in aimng
" -i pn, an on.-A 


produc~on
"commercial scale" may be necessary and might demand the 
ona
 

use of 
a mechanised manufacturing process.
 

An optimum material 
for this aspect would be clay tiles
 
made by hand-operated moulds.
 

A weighting of 60% 
is aeigned to 
this characteristic.
 

3.9 	 Dimensional Stability
 

It is highly desirable that 
a roofing material should be
 
dimensionally stable under exposed weather conditions.
 

Excessive temperature and moisture movement will generally
 
cause 
cracking -failure 
of the 	material at 
fixings.
 

However, it 
is often possible 
to 
solve 	this problem by the
 
proper 	design of the profile and panel size and detailing
 
of 
fixings and connections.
 

Optimum materials for dimensional stability would be metal
 
sheets 	for moistire and 
a built-up 
felt roofing fo: temperature.
 
A weighting of 60% 
is assigned to 
this characteristic.
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SUMMARY OF 	SELECTION AND RANKING OF CRITERIA FOR 
ROOFING
 

MATERIALS
 

4.1 Basic Requirements
 

(a) Must 	Keep Off Rain
 

(b) Must 	Not Leak
 

(c) Must 	Resist Water (i.a. Non-Absorbent)
 

(d) 
 Must Resist Wind (Up to 70 M.P.H. Minimum)
 

(a) Must 	Resist Incidental 
Loads e.g. 	During Construction,
 

Maintenance
 

() Must 	Keep Out Direct Sun
 

(g) Must 	Have a Minimum Life
 

(h) Must 	Be Readily Available.
 

4.2 Hiohly Desirable Cherecteristics
 

Item Characteristic Assigned
 
Weighting
 

1 Acceptability to User 
 100
 

2 Low Cost 
 90
 
3 Reasonablo Lire (5 year minimum) 
 90
 

4 Indigenous Material 
 so
 

(i.e. Indigenous Content 1 50%)
 

5 Acceptability to Government so
 
5 Fire Resistance 
 70
 

7 Easy Installation 
 70
 

a Labour Intensive Manufacturing 60
 

9 Dimensional Stability 
 60
 

TOTAL 
 700
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4.0 
 SUMMARY OF SELCCTION AND RANKING OF CRITERIA FOR ROOFING
 
MATERrILS CONTD.
 

4.3 Desirable Characteristics Of 
a Roofing Material
 

4.3.1 Roofing Material: 
 Desirable CharacterJstics 
- Mechanical 

Characteristic 
 Weighting 

Assigned to 

This 

Characteristic 

1. Support a Person 
 100
 
2. Hurricane Resistance 55 


3. Impact Resistance 
 50 


4. Provide Security
 

and Protection 
 50 

5. Minimum Truss and 


lurlin Requirement 
 50 


6. Strength ( yZ)
 

(See also 2,3 and4) 40
 

7. Rigidity (EI)
 

(See also 3) 
 40
 
8. Resist Abrasion 40 


9. Resist Earthquakes 40 


10. liold House Together 30 


Example of Rf. Relevant 
Material Test 
Securing Full Standard 
Marks Where 

Applicable 

Depends on 

supporting 

structure 
Concrete Sab 

Concrete Slab 

Corrugated 

Aluminium 

Sheeting 

Galvanised 

Iron 

Depends on roof 

arrangement 

Concrete Slab 

Other Materials 

Depend on 

Framinq
 

TOTAL 
 495
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4.0 SUMMAR F SELECTION ANO RANKING OF CRITERIA 
FOR ROOFING
 

MATERIALS CONTO,
 

4.3 
 Desirable Characteristics of a RoofinQ Material 
contd.
 

4.3.2 Rcofino Material: Desirble 
Charecteristics 
- Environmental 

and Life 

Characteristic 
 Weighting 
 Example of Rf. 
 Relevant
 
Assigned to 
 Material 
 Test
This 
 Securing Full 
 Standard
 
Characteritic 
Marks 
 Where
 

Applicable
 

1. No maintenance
 
within 5 years 
 70 Aluminium ShG 
 .
 

2. Easy maintenance 
 80
 
3. Ability to nail, 
 Bitumastic
 

seal and cut 
 90 
 Tiles
 
4. Lightweight 40 Aluminium Sheeting
 
5. No Toxicity during 
 so 

6. 10 Year minimum
 
Life 
 80 
 Aluminium
 

Sheeting

7. Use of Simple Tools 
 50 
 Concrete
 

and equipment for 
 Slao
 
Manufacture
 

S. Resistant to 
Insects, 100 
 Aluminium
 
'dater and UV 
 Sheeting
 

9. Vapour impormeable 
 50 Motal Sheeting
 

10. Re-usable 
 40 Metal inesting
 

11. Availability 
 100 
 G.I. or Alum.
 

Sheeting
 

TOTAL 
 750
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4.0 	 SUMMARY OF SELECTION AND RANKING OF CRITERIA FOR ROOFING
 
MATERIALS CONTO.
 

4.3 	 Desirable Characteristics of a Roofing Material contd. 

Roofing Materiel: Desirable Characteristics - Optical 

Characteristic 	 Weighting Example of Rf. Relevant
 
Assigned to Material 
 Test Standard

This Securing Full Where 
Chamcti*Ac Marks Applicable
 

1. Keep out Sun 80 
 Coloured
 

Aluminium
 

Sheeting
 

2. Opaque 	 80 - do 

3. Attractive 40 - do 

4. Shine 	 40 - do 

5. Color 	 40 
 - do -


TOTAL 
 280
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4.3 

4,a SUMMARY OF SELECTION AND RANKING OF CRITERIA FOR ROOFING
 

MATERIALS CONTO.
 

Desirable Characteristics of a Roofing Material contd.
 

Roofing Material: Desirable Characteristics - Thermal
 

Characterlitic 


1. Keep off Sun 


2. Resist Heat 


3. Ventilation 


4. Thermal Control: 


retain heat 


reflect heat 


keep in heat
 

keep out heat
 

keep out cold
 

keep in cold
 

TOTAL 


Weighting Example of Rf. 
 Relevant
 
Aseigned to Material Test
 
This Securing Full Where
 
Characteristic Marka 
 Applicable
 

100
 

100
 

50 	 Wooden
 

Shingles
 

90 	 Concrete Slab
 

or timber
 

boarding
 

340
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4.0 	 SUMMARY OF SCLECTION AND RANXING OF CRITERIA FOR ROOFING
 

MATERIALS CONTD.
 

4.3 	 Desirable Characteristics of a RooFino Material contd.
 

Roofing Material: Desirable Characteristics - Aceustic
 

Charactaristic 	 Weighting Example of Rf. Relevant
 
Assigned to Material Test
 
This Securing Full Standard
 
Characteritic Marks Where
 

Applicable
 

1. Not noisy in Wind 40
 

or Rain Concrete Slab
 

2. Sound 	Absorbing 40 - do 

3. Poor Sound
 

Transmission 40 - do 

4. Damping 	 40 - do -


TOTAL 	 150
 

A. D. Adama
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BR ADOUE WN AMS7 LISMORE AVENUE KINGSTON 5,JAMAU.CA. DOUET BROWN ADAMSTEEHN:26459,61
TELEPHONE: 026,45 mose 

CONSULTANTS LTDC GT 
CONSULTING ENGINEERS 

OURt RIM, 
July 16, 1976
 

YOUR R9Pt 

Mr. George Sall,
 
Monsanto Research Corporation,
 
Box 8, Station 5,
 
Dayton, Ohio 45407,
 
U. S. A.
 

Dear George,
 

Re: Low Cost Roofing Study for USAID
 

Further to my Draft Report "Selection and Analysis of
 
Criteria for Roofing Materials", I have noticed from my files,
 
that I failed to forward comments on my draft report,as requested
 
from Fred Campbell and Ken Espeut. I had selected these twq as
 
I guessed that they were the ones most likely to spare the
 
meticulous attention necessar; for such detailed consirerations.
 

I enclose a copy of the comments from SRC which wre
 
apparently prepared by Denny Williams. 
 This Is for your records
 
ae this aspect is somewhat superseded nw.
 

One important point on which they both seemed to difer
 
from me,is on my example of the optimum material for accepta
bility to user. You will recall that at Clause 3.1 I suggested
 
"wooden shingles". I can also remember your surprise at this.
 

Well,both Fred Campbell and Ken Espeut disagreed. Ken
 
suggested coloured aluminium. Fred did not identify an
 
alternative. I maintain my original view. However, I admit
 
that the lower perm.tted slopes and definite cost savings has
 
inexorably imposed the aluminium choice 
on house-builders
 
against their own traditional preference.
 

Yours truly,
 
DOUET BROWN ADAMS CONSULTANTS LTD.
 

A. 0. Adams
 

ADA/hb
 

DIRECTORS
 
A& *AS Q ING: W. nTUC, . 'I.. 0 SC.I.J C.I. M. TUCf,.I. 
 .
LL MUM C. I G. M-I.IMUM?. I. 

Al O5VIL o. M.I.C.. W4.IUCT. I.SAL. C.I!.40 0 C.D. WALLAaC.Q IN. 
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SCiENrlIFC IESEARCH COUNCIL 
I II#M1.,aDwd idftsGV..nmo.. bWy "w Jo .6.4.l 

*tA 000g* Oo ag " IC I N yeIry. 
P.O . BO X 350 

?T -LP ONg,- *7.611. a 
KINGSTON 6 

u m . .. ..
2214 

Ous map_-_.-

.... 
- 2 31st .Marh,1976 

JAM A IC A , W.I. 

. 
.Mr.A. Adams 

.-
Douet Brown Adams and Partners 
. '.7, Lismore Ave.
 

KINGSTON 5
 

Dear Al: 

Thanks for the copy of your report 
on Criteria Por Roofing Materials.
Please accept my apologies for the delay in gettin, ,RC's comments on the
report to you.
 

I have enclosed a list of tables giving our vaLu4s for the characteri
stics on which we are not in agreement.
 

Yours very truly,

SCI%N, FTC REJEARCH CPUNCIL
 

G.I.D,.......Williams.. 


ScivntL:%', fflcer.
 

ATTCHi. 

GID/bb.
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SCTENTIFIC 	 RESEARCH COUNCIL 

TABLE I 

Highly Desirable Characteristics
 

Assigned
 
Charateristic 
 We ht i n 

A.A. 	 SRC 

Acceptability to User 100 
Lav Cost 90 
Reasonable Life (5 Year Minimum)
Indigenous Materials ( 50%) 
Acceptability to Government 

90 
80 
80 

90 
60 

Fire Resistance 70 60 
Easy Insta.llation . 70 80 
tjabour Intensive Manufacture 60 
Dimensional Stability 60 80 

TABLE 2
 

Desirable 	Characteristics - Mechanical 

Assigned

Characteristic 
 Weightin a
 

A.A. I' 	 SRC 

Support A Person 100 
Hurricane Resistance 55
 
Impact Resistance 50
 
Provide Security and Protection 50 70 
Minimum Truss and Purlin Requirement 50 80 
Strength 40 
Rigidity 40 
Resist Abrasion 10 
Resist Earthquakes 4o 
Hold House Together 30 

TA3LE 3
 

.esirable 	Characteristics - Environnuntal a.d i e 

Characteristi c Assizned
 

SA.A . I 	 SEC 

No Maintainance Within 5 Years 70 	 80 
Easy Maintainance 	 80 
Ability to Nail, Seal and Cut 90 
Lighteight . 
No Toxicity During Manufacture 50 
10 Year Minimum Life 
 80
 
Use of Simple Tools and Equipment 50 

for ManufractureResistant 	to insects, ,ater and '.';. lCO 
Vapor Impermeable 	 50 
Re-Usable 

0 60
 
Availability 100
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"' jl'rsle W~cteristicsj., ie 
• .*. . ,. , -. +. .. .+-


.."'t# 

,,arate-i 

;. Assigned
,,.,,,..'+. . " a e hi njzs 
:. -A.A. 

* , +.., ." .. 

ceep r"t Sun 80 90O.paque , 80 
A t-scue
Mtractive 4o'4 

: £40
Colour 4oL
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Ouly 16, 1976
 

Site. a Services Project,
 
Ministry of Housing,
 
2 Nagley Park Road,

.KINSTON10.
 

Attentions Mr, Al Richards
 

Dear Sle
 

-%: Low Cost Roofing Study for U, S. '. I. o,
 
Experimental Roofs - Hunts Oey
 

further to our recent meeting and exchanges, I confi:m the
 

following: 

lo 	 It had originally boon decided to provide and fix roofing
 
panmla to four of the housing units which would be occupied
 
by purchaoers.
 

2. 	 We had e3'oro connidered it unwise to roof your model house with 

our experimental pcnls. This was on the gruunidr Liat prospec

tiv purclaseors should preferably be able to %ii.iw the typical 

roofing material for the project (ie, the alui,,inium roof), on a 
model house* 

Howevar, as you pointed out, for housing at thii pris level,
 
this is unlikely to be an important consideration. Furthermore,
 

one advantage would be to make the experiment more acceptable
 

to housm c-ner, who would subsequently be having a similar
 
proto type roof.
 

3. 	 With this in view, we have reproduced roof mupport details
 
which are identioal to theme proposed by you for the con

/intional roofs. Only the panels will differ.
 

We enclose one opy of our drawings Nee. 343/1.4 which show
 

Plant Floor Plan, Roof Plan and Sections reecctively,
lite 

0.........2/
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Rinietzy of Ntoeings luly In, 1976
 

Cno of out main concurns at the ~a'0snt oat,to fact t 

altbeuqO we wtre siumnt. for conetructian of the roors in this
.wth (3uly)s this Is no longer pesaible owing to delays in the
 

I would now c naldsr that the earliest that thee. panelscau bo ranufactured for erection is In lat, .uqu3t ti id,,teltere
I would ougo.at therufoare, that ii' this delay ill iffect yiur
pimgra. .i., wo rould revert to our original plan tn omit the model
)maIo frofn ths axorir,-ntl roofin; 4;ogram 
 and aala t Lnotatad ?owothr unilts In the project* js havo marked a sur,3eatsd location for
these four houses on the 3its Piano 

Finally, I invite your casnts on our details, to eneure thatit It in accordance with your own requirooenta. You will note thatthe ntf slope which we have preaorvod c=uld bo r.hideroed shallow(I In 12) for thia type of lapped material. Movevvr, we feel thatIf tv pareOl nest withwell, the netural "beddin, ,1i" ection caused
by ti-lht cunnoctione, the tendency to leok will be offset.
 

I look forward to your reply@ 

Yours truly,
 
POV.UC INN ADAM*V C,4tS)ILTAU5 L7 .4 

4. Do Adams 

AOA/h
ar..k s.9' 

cc1 
'It* ..oira ;all, "onoanto Rsacersb Corporsatin
,4 Padine T-ince inietry of .ieiaine
 
rro Go fALauoglin ?Linistry of Houieng
 
Mr. Co Laidley Miniatry of Hou ing
 

0 5 

0MONSAN70 RESEARCH CORPORATICN 



DOUET BROWN ADAMS TELEPHONE: o,3,4.,,MCONSULTANTS LTD. CAIL., oOU,ITA, KINGSTON 

CONIULTING ENGINEERS 

OUmC , 
26th July, 1976 

Mr. George Ball,
Monsanto Research Corporation,

Box 8, Station B
 
Dayton, Ohio 45407,
U.S.A. 

Dear George, 

Re: Low Cost Roofing Study for U.S.A.I.D.

Eerimental Roofs - flunts Bay. 

I enclose a photocopy of a ietter received 
from Mr. Al Richards of the Ninistry of Iousing on 
the above subject. 
It is self explanatory.
 

Tours sincerely,
 

Alfrico D. Adams

Douet Brown Adams Consultants 
Limited. 

ADA/cf 

DIRECTORS
AA A&AOM C.IN. 6dL.XTANU. 1. 10 ROWNC IW M.I.C. MI. T iu7.1, 0 L.A D0 T,C.ING. Mi. STRUCT. I." 0VL k., CIN ., 1.C., * CO. WLLACLr- IN MIC.I. M R.TUCT I. 

Mqf WMTV" O 00144140I, 4DMMCA 
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MINISTRY OF HOUSING 
"I OKI " Ulmguvl HPmo
 
's low 44600"55hfl5 $0800 IN
,4at, IS 1"s mauhu= P.O. BOX 397. 

KINGSTON 
10. 

JAMAICA 

21st 	July,___ 9 76
 

Doust Brown Adams & Partners, 
Consulting Engineers,
 
7 Lisuore Avenue,
 
Kingston 5.
 

Attention: Mr. A.D. Adam 

Dear 	Sirs,
 

Re: 	 Low Cost Roofing Study U.S.A.I.D.
 
Experimental Roofs - Hunts Bay
 

We are in receipt of your letter datad July 16th, and drawings

No. J43/1-4. Your letter indicated some misunderstanding of our project
and I would like, at this time, to clarify those areas.
 

1. Except for a model house which we 
intend to build,
 

we will no construct any ccmpleted units. 
Approx.
 
/4.4(a & . . '. 
 50% of the units will have a completed bathroom.
 

Your 	roofing material can, therefore, only be
 
.
 applied to the model house or 	to some bathroom roofs.
 

^0 .44 "2. 	 The drawings that we supplied to you were done for 
our Camplands project and were meant only to be used 
as a guide, until such time that we had prepared a
 
complete set of drawings for our Hunts Bay project.

Although the concept is similar, some detailing
 
changes have been made. In particular, the ridge
 
detailing has been revised.
 

3. We note the preferred location for experimental pur
poses. However, we have not yet selected the loca
tion for our model house, but will nonetheless try

to at least maintain the preferred orientation.
 

4. The delays in your programme is not likely to impede
 
our programme at the moment. The project is due to
be completed in Mlarch 1977, that
so our model house
 
need not be completed before that 
time. We believe
 
that both units could be completed in6 weeks barring

all unforseen circumstances.
 

We thank /ou for your involvement in our project and look
 
forward to hearing from you.
 

Yours truly,
 

.-M 	 .................
 
Al Richards
 
Project Architect
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----------- ----------------------------------------------

MEMOR A NOU0
 

TO: Members of Advisory Committee DATE: December 21, 1976 

FROM: A. 0. Adams 
 RE: Alternative Roofing 
Material with Economic 
and Trade Benefits to 

-3smaica ( Low Coat 
Roofing Study for USAID) 

Enclosed is our latest progress report on the above.
 

A meeting of the Advisory Committee on the above is being held on
 

Monday, January 24, 1977 at 10:00 a.m. in the Conference Room of
 

the Scientific Research Council, Hope Road. I hope you will find
 

it possible to attend.
 

Signed:.... ............
 

A. D. Adams

DOUET BROWN ADAMS CONSULTANTS LTD.
 

ADA/hb
 
encl.
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IMPROVED ROOIING MATrRIALS WITH
 

ECONOMIC TRADE BENEFITS TO JAMAICA
 

LOW COST ROOFINC STUDY FOR USAID
 

PROGRESS REPORT TO ADVISORY COMMITTEE MEMBERS
 

DECEMBER 10. 1976
 

SCOPE OF THE REPORT
 

This report covers 
the period since the last Progress Report dated
 

July 14, 1976.
 

It is intended to 
bring all members of the Advisory Committee up-to
date. There has been 
no meeting during this period although the
 
Working Group has been involved in the day to day activities of the
 

project.
 

Activities under the various "Program Tasks" 
as set out in the
 
Advisory Committee Information Leaflet dated July, 1975 
are
 

summarised as follows:-


Tasks 1 and 2: 
 Organise Committee - Review R and D Work
 
Task Completed: Mr. 
E. C. Gabay, member of the Incorporated
 

Masterbuilders has 
been invited to serve on
 

the Advisory Committee at this stage.
 

Task 3 
 Conouct Cost Analysis
 

Task Completed: Note however, that Cost Analyses done 
so far,
 

applied only to basic 
raw material costs for
 
the ouroose of comparisons at tlie stage of makinq
 

a selection 
from candidate materla!3. The basic
 
material cost of the selected material 
is estimated
 

at 1 3J 
- 12 J3 per sq. ft. (See Task 6).
 

Approaches have oeen made to one of 
the Advisory
 
Committee members, Mr. 
Roderick Rainford of the
 
Ministry of Tourism and Foreign Trade 
to initiate
 

an econom;c assessment of tre 
orooosed material
 
from tme oorspective of net trade 
oenefits to :amaica, 
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- 3 -

SCOPE OF THE REPORT 	CONTD.
 

Task 8 	 Design Roof and Product 

It is generally accepted that the corrugated
 

sheet form of any of the materials will give
 

the best strength to weight ratio. However, in
 

the case of the Dry 	Blended phenolic-bonded
 

certain technical difficulties
material, there are 


in moulding to a corrugated form due to the dry
 

powdered state of the material before pressing.
 

It was decided by Monsanto therefore, that in
 

order to meet the deadline of getting some 

samples up mainly for weathering and durability 

purposes in a pilot demonstration progremme, flat 

sheets would be produced for laying as large 

shingles. This is definitely not the optimum 

design of this product from a cost or performance
 

point ot view.
 

Collaboration between MRC and the University of
 

Seatle, Washington, 	established a 4.0 ft. x 2.0
 

ft. x 0.08 inch sheet as a unit size with a 

per cu. ft.material density of 	85 lbs 


However, for practical reasons to do with the
 

local make-shift moulding arrangements, etc,
 

this was czmanged to 	4'-0" x 2'-2" x 0.11 inch by
 

our Local Working Group.
 

Define Construction 	Details
Task 9 


Arising from work done by Washington University,
 

x 2 ft.
the proposal we to lay the 4 ft. shingles
 

with a 50% lap on to purlina or lathe spaced at
 

11.0 inch contreas. 	 However, in order to improve
 

the simplicity of the setting out on site, panels
 

to 21-2" wide to permit
were changed from 21-O" 


lath centres of 12".
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SCOPE OF THE REPORT CONTD. 

Task g Define Construction Details contd. 

Each tile is fixed by two rows of nails with the 

rows 12" apart. Nails are driven at 6" centres. 

The intention was that the downslops edge of each 

shingle would be unfixnd and would just cover the 

row of nails below. However, as the roof design 

selected was that of an existing design with a 

very shallow slope it was necessary to consider 

fixing this lower edqn also. 

Flashing, ridge capo, etc. were similar to 

Hunts Bay Sites and Sorvices design. 

the 

Advisory Committee members who wish illustrations 

or drawings showing the actual dotails used, 

may apply to Douet Brown Adams Consultants Ltd. 

It should be noted once again that the above would 

be misleading in considering the long-term economics 

of the matorial, as a final corrugated version would 

aim for very similar Fixing and suoort details to 

conventional coriugated metal roofing. 

Task 11 Determine Criteria and Select Site for Exoerimental 

Roofs 

Completed The site selected was tho Hunts Bay Sites and 

Services Project of the Ministry of Housing. The 

proposal is to construct approximately 3,000 sq.ft. 

of roofin~i on that project. 

Task 12 Fabricate Roofinn Produrt 

The major inputs on this have come from SRC, 

SP, Coodyear and Monsanto for this stage. 
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SCOPE OF THE REPORT CONTD.
 

Task 12 
 Fabricate Roofing Product contd.
 

The Scientific Research Council has provided
 
technical personnel and 
laboratory facilities
 
throughout. 
 Goodyear has provided processing
 
facilities consisting of 
two eiqht-hour shifts
 
of Banbury processing of 
the whole agasse and
 

pigment:
 
(1) 
Monsanto has provided materials, technical
 

direction and funding 
as main contractors
 

on the project.
 

(2) Standard Building Products Ltd. 
have provided
 
technical personnel, plant and space for the
 
final 
pressing and finishing of the product.
 

The final quantities of shirgle at tis date are
 

still being pressed.
 

Task 13 
 Construct Four Roofs
 

It was decided to proceed by roofing 
a number or
 
bathrojm spaces on 
these units in perfecting the
 
construction details.
 

We would then proceed to 
roof the proposed model
 
house which was planned for construction in
 
January/February, 1977.
 

To 
date eight such bathroom spaces have 
been
 
roofed in two clusters of four spaces each.
 

The first four units 
are numbered 65-68 (not
 

95-98).
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MONITOR PERFORMANCE
 

The finished appearance and effectiveness of the first two spaces
 

roofed proved lees than satisfactory. The material exhibited a
 

tendency to warp and to curl at the corners and this would definitely
 

tend to affect the roofs overall ability to prevent leaking.
 

A number of devices were tried to minimise this effect for the remaining
 

roofs done so far and some improvement has been effected.
 

However, it should be noted that these effects should be eliminated
 

almost entirely in the final corrugated version of the product.
 

Monitoring will be undertaken on a continuing basis in the years ahead
 

by Berger Paints Ltd. who have indicated their willingness to continue
 

to provide their expert monitoring on the exposure samples and periodic
 

inspection on any painted full-scale roofs.
 

CONCLUSION
 

We are at the end of this phase of the project and thanks to the
 

tremendous efforts and co-operation of moot members of the Working
 

Group 	and Advisory Committee the following benefits have been gained:
 

I. 	 The know how and technology of producing composite materials
 

of the type considered here, has been largely transferred to
 

our own Jamaican Scientific Research Council and to a lesser
 

extent to other co-operating firms.
 

2. 	 Some of the products considered, have good possibilities for
 

application as building end other materials, for purposes
 

other than roofing in the future.
 

3. 	 The principal objective to produce an "alternative roofing,
 

material, with economic trade benefits", is nut completely
 

realised as there is still some further technical development
 

work to be done. However, enough has been done to make it
 

clear 	that this can and will be achieved.
 

One point that may bo noted is that the words "low cost rocfing"
 

were the main motivating force in obtaining the active co-operation
 

of many local particioants and as the present selected product appears
 

more to be "an equal cost alternative", there is a certain sense of
 

having missed our objective.
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CONCLUSION CUNTD.
 

It remains for our local economic and trade administrators to
 

confirm the value of this alternative and if necessary for the
 

to press on with furtner development
Scientific Research Council 


in an effort to produce a "low cost" version among the various
 

formulations studied. MRC have also reported that further funding
 

for the next phase should become available from USAID by mid 1977.
 

sense this should not be the end of theIn short, in a very real 

project but simply the end of one stage.
 

Siqned: ........... ' •. .....
 

A. D. Adams
 

DOUET BROWN ADAMS CONSULTANTS LTD.
 

AOA/hb
 

315 

e MONSANTO RESEARCH CORPORATON . 



APPENDIX F
 

JAMAICA WORKING GROUP DEMONSTRATION PLANS,
 
RESULTS AND FUTURES REPORT
 

* 	Jamaican Roofing Material Pilot
 
Demonstration 1-rgram Details,
 
September 6, 1976
 

* 	Jamaican Roofing Material Pilot
 
Demonstration Program Details,
 
November 12, 1976
 

* 	Kingston, Jamaica Roofing Demon
stration Program Details;
 
October 26, 1977
 

* 	Scientific Research Council News
 
Release, October 24, 1977
 

.	 Test Report, Jamaica Bureau of
 
Standards, November 24, 1976
 

* 	Letters and Photographs, A. D.
 
Adams on-Drewsland roof, Dec
ember 1977
 

Previous Page Blank
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'DOUET BROWN ADAMS TLPOE 2,4t 2O~DO ETROW AD MS7 LISMORE AVENUE. KCINGSTON 9,JAMAICA. WITELEPHONE: 92E,3485: 9.O 

CAILES:-CONSULTANTS LTD. 
CONIULTING ENGII4EERS 

OUR Ill1F1' 

yOUR REPS 24th September, 1)76 

.onsanto Research Corporation, 
P.C. Box E, Station B,
 
Dayton, Ohio 43407,
 
U.S.A.
 

Attention: Mr. George Ball
 

Dear George,
 

Re: Low Cost Roofing Study

for U.S.A.I.D.
 

Bnclosed is a copy of the progran circulated 
to all participants listed on page 1 as you requested. 

Denny "dillis and I have visited Gordyear to 
discuss arrangements and th..nCs are well in h.,nd. 1 
will send you a resume of arrangements made, in time 
for your ret-urn to your Chic Office in mid Cctober. 

:'lease note that Goodyear prefers tc do the 
Banbury processing on Friday, 29th October, at 7:a.m. 
However, they are prepared to continue beycnd the 
eight hour day if it is necessary. 

Yours truly, 
DOU.-T BRO" 1 .' D.S CC: .5i'' TS LTD. 

A. D. Adams
 

ADA/cf
 

Zncl.
 

c.0. !'r. Ival Sxlyer, Monsanto. 

DIRECTORS 

A ft C.INC. K1. rtc , L 0 I.0. $inOp. C oha. M.I.€.. wI T I * L I.RIJCTS. OUG?, C IP4. M.I. TIRUCT. 

A. OOVI Iii.. CI-14. MI.C.i. 0 C.. IALLACI. C. INO. M.ICI. M.I. rITUCT. I. 

f inL. 1 1WrM OP UIM104IR, JLCAlM 
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JAMAICA 

ROOFING MATERIAL
 
PILwr DECNSTRAT!0N PROGRAM
 
(Revised 6th September, 1976)
 

i, FIBER REINFORCED 	 -HENOLIC DRY BLD ROOFING VATI-L 

(a) Pilot Run - Compounding: 25-29 October 1976 ('rant Bay) 
(b) Pilot Rn - Molding 1-30 November 1976(Spanish Town) 
(c) Roof Fabrication: 15-30 November 1976 (Hunts Bay STS)
 
(d) Ecperimental process studies: 1 September - 25 October 1976 (SRC) 

1.1 PARICIPANTS 

..i.i Douet 	Brown Adams Consultants Ltd. 926-3485
 
. .. t , .:ofing Poject Coordinatoa 

1.1.2
 
937-9931
1.1.2 Scientific Research Council 


Technical Director 
Fred E. Campbell, Senior Principal Scientific 

Officer 
Uran Bowen,Scientific Officer 
G.I.D. Willians, Scientific Officer 

984.2295
1.1.3 Standard Building 	Products 

Ralph N. Corning, Jr., President
 
Doug1as Wynter, Technical Director
 

1.1.4. Goodyear Jam-aica Ltd.
 
William R. McKenzie, Anaging Director 926-8018 
Richard R. Greene, Production Director 982-2353 

HeJrout Schueller, Technical Superintendent 

936-1590
1.1.5 Ministry of Housing 
Rev. 	 Gerald L.Mclaughlin, Special Adviser to the 

Minister. 

Al Richards, ,Hunts Bay Sites &Service Supe--visor 923-6226
 

1.1.6 Berger Paints 
Devin R. Brown, Technical Manager
 
Ken Espeut,
 

1.1.7 	 University of the West Indies (Physics Depar-ent). 927-0751
 
Dr. Thomas Hughes, Professor of Materials Science
 

926-3140

1.1.8 	 Bureau of Standards 


Dr. A.S. Henry, Directcr
 
Mr. Campbell, Head, Materials.
 

... ./2
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3.1.9 	 U.S.A.I.D. Mission to Jamaica 932-6340
 
Nick J. Mariani, Program Officer9
 

1.1.10 	 Mmrnanto Research Corporation (USA) 513-268-3411
 
TWX 810-459-1681
George L. Ball III, Project Leader LSAID Roofing

Ival 0. Salyer, Program Manager 

1.1.11 	 Jamaica Sc.lol of Agriculture

Dr. Aston Wood, Principal
 
Mv. Lee-Sang, upexrviscr
 

1.2 SOURC 	 OF MATERIALS 

1.2.1 Whole Bagasse (20% water) ) Std. &Lildirg Products 

1.2.2 Baled Bagasse ) School of Agriculure 
1.2.3 Ph2.ic Molding Pcer 	 )1.2.4 Iron 	Oxide Piment ) Monsanto Via 

) Scientific Research Council1.2.5 Penta Stabilizer) 

1.2.6 Poly 	bags ) StLm-ard Building Products
1.2.7 Mylar Sheet ) Monsanto via SRC1.2.8 Aluium plates (3 ft. x 10 ft.) Q4. 41 

IDTFICATION (PRI MTERIALS OR 	 EUIVALMrITS) 

1.2.1 Bagasse sun and air dried to 20% moisture, 	 unprocessed
1.2.2 Bagasse baled and tied into hay 	blades (-25 lb/cu. ft.)
1.2.3 PR 736 	 dry molding poer, Moranto Co. 
1.2.4 Mapico# 477 Iron Oxide red or equivalent
1.2.5 Technical grade pentachlorophenol, Monsanto Penta 
1.2.6 "-55 gallon size PE or INC bags
1.2.7 Heavy duty Mylar sheet (42 in. wide) 

1.3. KATERIAL 

WeghBnbr 
 Fira. 
Parts % lbs. lbs. 

1.3.1 Baled whole bagasse(dry weight) 203 63 3100

1.3.2 Phenolic power 	

2835 
100 31 x 13951.3.3 Iron 	Oxide Pigment 19.4 6 300 270

1.3.4 Penta stabilizer 
 0.16 0.05 2.5 2.25
1.3.5 Process water 40 -	 620 x 

TOTAL 	 362.55 100 4023 4602.25
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1.4 

1.4.1 

1.4.2 


1.4.3 


1.4.4 

1.4.5 

1.4.6 

.. 4 7 

1.4.8 

1.4.9 

-3-

Basis 

4 houses x 750 sq. ft. 
Double coverage ( x 2)
Area utilization 
Minimum area needed 
Assumne-.20% losses 

7800 sq. ft. x 0. 58 lb/sq. ft. 

Actual use 


Density 


Thickness 

Panel size (finished) 
. --kl dL-.. Cy 

PROCESS STEPS 

- 3000 sq. ft. 
- 6000 sq. ft. 

4C% ( 2 ft. X 4 ft. panel) 
= 6522 sq. ft. 

7800 sq. ft. 

z ,45J0 lbs of material for panels 
= 3800 lbs. 

= 1.36 (85 lb/cu. ft.) 
= 0.08 in. 
Z 2 i.v 4 ft
 
Z 0.51 lb/sq. ft.
 

Have all materials designated in 1.3 available 
Air dry bagasse to 20% moisturxe content frcm the 50% as it cones frcm 
the sugar mill.
 
Transport dryed bagasse (ca. 
 5000 lbs wet weight; to baler at School
 
of Agriculture.

Bale whole low moisture bagasse into "hay bales" of ca. 1. ft. x !.ft. x 3. ft. 
Transport baled bagasse to Standard Building Products for dry storage.
 
Five to seven days before processing of bagasse at Goodyear ,orant

sample at least 10 bales (handful fvan each fr=m center), .tigh each

Bay
 
sample, dn.- overnight at 100cC, then .'e-weigh imediately upon revalfran oven. Calculate %moisture (Wt, . Wtal ! 

2t-. initial 
of each sample and report individual and average results. 

"Three to ',4-.,-- pr , -t- tc - - at = - z-dCea-e
(item 1.3.1, c.a. 4500 lbs), pigment (1.3.3) and penta (1,3.4) toreceiving at the Goodyear Plant, Morant Say and notify H. Schueller,
Technical Superintendent. 

Goodyear is to put tcget'.er a process based :n their best judgement
for handlng the systtn and is to set up to ha-d.e the bagasse andpowdered -rvducrs, i.e. chute, bags, drrs, etc. 

The following are process steps proven to work cn small equipment. 
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1.4.9.1 	 Use water jacketed and cooled bantury intensive mixer (assume 
440 lbs :,iie but start with a 300 lb charge). 

1.4.9.2 	 Clear banbury of excessive residue. 

1.4.9.3 	Turn on banbary 

1.4.9.4 	 Add 150 lbs of baled bagasse (180 lbs wet) to banrury (item 1.3.1) 
and pressuz'ize to compact. 

1.4.9.5 	 Add slightly pre-blended iron oxide (1.3.3) 28.6 Ibs, 
and penta (1.3.4) 0.25lbs. (Caution: 
handle pent& with care, it is highly toxic if ingested). 

1.4.9.6 	 Mix in banbury until volue reduce4 (1 to 2 minutes). Determine 
if additional .ater needed. 

1,4.9.7 	 Add additional 150 lbs of baled bagasse (180 lbs wet) to banbury. 

1.4.9.8 	 Continue mixing for additional 1 to 2 minutes. 

1.4.9.9. 	Drop banbury charge through chute to poly bags ( 100 lb each) and 
tie.
 

1.4.9.10 	Check processed material for fineness of fibers and degree of mix. 
Fibers small and red. 

1.4.9.11 	Repeat steps 1.4.9.3 through 1.4.9.10 until 4000 lbs of bagasse and 
pigment have been processed. 

1.4.9.12 	Repeat steps 1.4.9.3 through 1.4.9.10 omitting step 1.4.9.5 (pigment 
addition) until 1000lbs of baga3; e have been processed. 

1.4.9.13 	Make sure all poly bags are sealed by ties to prevent ,mxisture 
pick up. 

1.4.10 	Transport processed bagasse to Stardar Building Froducts, Spanish 
Town for dry storage. identify as "Banbury Bagasse Pignented" and 
"Banburi Bagasse". 

1.4.11 	 Sampe.- I" as a" -andcm and deterrin, ,.-istTe :cnte-t te 
1.4.6 

Drying 1.4 .12 If moisrz- content is greater than 3%, dry all material in ovens 
at 75-1COC for 8 to 16 hours until moisture content is reduced 
tc less than 1%. Sample and test to validate. 

1.4 .13 	 Bag diyed Banb ry bkgasse to keap out moisture and keep sealed. 

part of the prrcess includes the dry blending with a phenolic1.4.14 	The nextDr, blend 	 resin and molding into 2 ft. x 8 ft. x 0.08 in ;anels (to be rut to 
2 ft. x 4 ft. panels and drilled). 

1.4.14.1 	 Make available low speed bilk mixer. 

1.4.14.2 	 Weigh cu-. a convenient quantity of the banbur/ bagasse (pig-nted)
for -,he nixer to e used, =orrcring weight for moisTire ccntent 
(if any.) 
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1.4.14.17 	Drill holes into panels in number and spacing according 
to dreings to be provided by Alfrico Adams. 

1.4.14.18 	Repeat 1.4.14.2 through 1.4.14.17 until 850 - 2 ft. x 4 ft. panels 
have been prepared (-425 cycles). 

1.4.14.19 Cut a to be specified quantity of panels into 2 ft. x 2 ft. and 
1 ft. x 4 ft. pieces to be used at roof transitions. 

1.4.14.20 Stack and store panels in a dry area until Ministry of Housing
is ready for then. 

1.4.14.21 	SRC is to take 10  2 ft. x 4 ft. panels for evaluation at SRC, 
UWI, JBS, Berger and MC. 

1,5 ROOF INSTALLATION 

1.5.1 	 '-l-ct sp,-.fic house and substructure t'-at is -r- hoV"fox 
1.5.2 	 dev detailed drawings for house.
 
1.5.3 	 Modify drawings to inccororate roof consisting of 2 x 4 ft. flat 

panels. 
1.5.4 	 List changes, additions and possible problan areas such astransitions. Indicate hcw ridge, edges, etc. are to be handled 

being very specific. 
1.5.5 	 Get Ministry of Housing apoval for design. 
1.5.6 Determine 	dates constructicn at stage where roof can be installed. 
1.5.7 	 Set necessary details into motion to have roof installed. 

(a) 	 order components for transitions 
(b) 	 order nails 
(c) 	 order other materials 
(d) make 	 labor available 
(e) 	 discuss details with job supervisor and emphasize importance

of project and results.
1,5,8 Have roof 	or roofs installed with detailed supervision at all 

times and 	recording of results onto 35 mmvslide film. 

1.6 ,MODOLCGY 
1.6.1 	 Alfrico Adams of DEA 4.s :c co-crdinate the ente -'.A.o a'v' is 

Lo [.d ":rh* specific details of the actua- roofi4 10 .trw L.5). 
1.6.2 	 G.I. Denny Williar,.s of SFC is to co-crdLnate all aspects of the

Material and :cess remuL_-ments described in ite.s 1.2, 1.3, 1.4
and to finally Assist in it.en 1.5. 

1.6.3 	 George Ball of .SC has gotten aremtent f a.1all participants
and co-crdinatc-Te to co-cprate in thei-	 various tasks provided
we are able to -anim ize individuala Problems and keep rescnable 
schedules.
 

1.6.4 	 It is anticipated that the banbury work will take (including

getting ready) cr.e week, 
 the molding 1 mcnth, and the construc
tion 2 to 3 weks for a total elapsed time of 6 to 8 weeks. 

1.6.5 	 Standard buildinw Prc-ct,: will handle and supply oftrarnscrt 
all bagasse. T7hev will pinvide facilities and manrpcer for all 
aspects of ".he ;rcess itans in . Will prcvide alLminiurm
sheets and bcx ard stcp frames for pressing. 
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1.6.6 	Goodyear is to provide all aspects of process items 1.4.8 through 
1.4.9.13
 

1.6.7 	 SRC isto provide analyTical testing support for moisture content,

preliminary blending and rmlding of panels in the lab, technical
 
support, drying, (item 1.4.12) if necessary and supporting labor
 
to assist in the overall process implementation.
 

1.6.8 	George Ball will be available for' supervision to cover process 
steps 1.4.8 through 1.4.14.17 and thereater within reason. 
Hopefully time and scheduling will also permit supervision on the 
roofing constrution itself (1.5). 

1.6.9 	 The School of Agriculture, near Spanish Town, has agreed to bale
 
the necessary bagasse in their Massey-Ferguson hay baler. SBP
 
will 	 take bae.s'e to ther. for baling 

1.6.10 Alfrico Adams is to co-ordinate and implement all aspects of the

roofing construction (1.5). He will work thluc.gh Al Richards 
at the Ministry of Housing. 

1.6.11 George Ball isto have items 1.3.2, 1.3.3 and 1.3.4 shipped
to SRC for future transfer to Goodyear and SBP. Actual. 
qantities will be respectively 1600 lbs, 300 lbs, and 10 lbs. 
Also to p!§vide a roll of 42". Wide heavy duty Mylar sheet,

Mold Wiz E-6 Release Agent and 50 lbs. of Maesium Oxide Pigment.
 

2. 	OR -l FIBD-COMOS=T PFMSS 
2.1 	Since the OFC still looks prcmtsing, whether for roofing or 

interior panelling, it should be further explored at SRC with
 
assistance from SBP and residual bagasse from Goodyear.
 

2.2 	All necessary equipment for a laboratory run ncw exists and will 
soon be operable at SRC, ie. extractor, defibrillator, press
and miscellaneous accessories. 

2.3 	 With the prccessing of bagasse (iten 1.4.9.12) properly defibri
lated bagasse will be available. It will need to be screened 
and/or 	washed to be readied for further processing. 

2.4 	 A LaXe quantity of P.4-2 liquid phenolic resLin .sor "le way to
 
SRC.
 

2.5 	 George Ball will assis: inmaking large flat oriented ptinels at 
SRC and SBP ifall equipment is in working ore. and as tire 
allows during items 1.2. through 1.5 It is expected futue AI1 
funding .may also allow further work on this pr-cess, but northirg 
can yet be cemitted. 
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JAMAICA
 

ROOFING MATERIAL
 

PILOT DEMONSTRATION PROGRAM
 

(12 November 1976)
 

1. 
 This information updates the information distributed 6 September 1976
 
concerning the roofing development project. It incorporates the
 
events during the visit of George Ball 
28 October thru 12 November
 
and Includes the critical plans to complete the roofing demonstration.
 

1.1 
 The only change in participants is that John Crafton isnow Managing
 
Director at Standard Building Products.
 

1.2 
 The key particpants for the final stage of the demonstration are:
 

Alfrico Adams, Douet Brown Adams Consultants
 
Douglas Wynter, Standard Building Products
 
Denny Williams, Scientific Research Council
 
Al Richards, Ministry of Housing
 
Ken Espeut, Berger Paints
 
Tom Hughes, U.W.I.
 

James Campbell, J.B.S.
 

1.3 Status
 

1.3.1 Summary
 

Briefly, to date all has gone as planned with a few minor problems.

All 
bagasse has been processed in the banbury. 
A portion has been
 
dryed and a 
molding process worked out at Standard Building Products.
 
26 in.x 48 in.x 0.1 in.shingles are being molded. 
A quantity of

shingles to 
roof 100 sq ft were manufactured and a roof installed at
 
the Hunts Bay Site and Service project. Thus an exposure study was
 
initiated 11 
November 1976 on a practical scale.
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1.3 Status contd.
 

1.3.2 Fiber Preparation
 

An estimated 3,700 pounds of pigmented bagasse (on a dry-weight
 

basis) was processed at Goodyear Jamaica, Morant Bay. The product
 

isa mixture of bagasse/oil/pigment/penta (87/5.6/7.3/0.07) pro

cessed in a banbury. The oil is distributed over the defilbrillated
 

fiberc and the pigment and penta are also distributed and stick to
 

the oil.
 

Batch size was 300 pounds (wet) 240 pounds dry) with a cycle time
 

of 15 minutes. 15 good batches were prepared. Fiber bundle size
 

reduction was less than desired with ca. 15% being too large, but
 

in general a usable product was made.
 

1.3.3 Transport, Sizing, Drying and Blending
 

All usable material was transported to SRC, Old Hope Road. Bulk
 

density estimated at 20 lb/ft3 (dry basis).
 

A coarse fraction of fibers and agglomerates were observed in the
 

banburyed product. Thus all material is to be sized through a
 

3/16 inch mesh metal screen at SRC. The agglomerates are groups
 

of good pigment coated fibers that were formed due to pressure on
 

wet hot product. The mechanical action of screening should break
 

these up and make them usable. A 3 x 6 ft box frame has been fitted
 

at SRC for this purpose. Initial observations indicated the coarse
 

fraction to be about 15% by volume of our product. Probably a 10% 

weight loss reducing our yield to 3,300 pounds. 

The drying procedure is exactly as used in the laboratory and is
 
0C
being conducted at SRC. The process consists of heating at 85


in an air-circulating oven overnight. With only one oven our yield
 

is 90 dry pounds per day which will provide material for 9-2.5 ft
 

x 9 ft panels (18 - 26 in. x 48 in.x 0.1 in.shingles). This is 

presently the limiting step in our process (would require 30 days).
 

.2
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1.3 Status contd.
 

1.3.3 Transport, Sizing, Drying and Blending contd.
 

Blending with phenolic resin is conducted in a polyethylene bag by
 

simple manual tumbling. The sticky fibers readily pick up the
 

Batch size is 14 pounds (9.8 pound pigmented bagasse/4.2
resin. 


pound phenolic powder which is the charge size for one molding.
 

The bag is sealed to prevent moisture pick-up. Sealed bags are
 

delivered to Standard Bullding Products for molding.
 

1.3.4 Molding
 

Molding also is a direct scale up of the MIRC-Dayton Lab procedure.
 

The dry blend is first "cast" into a 2.5 ft x 9 ft x 0.25 in
 

bagasse board frame that is laid flat on a 3 ft. x 10 ft. 18 ga
 

(0.055 in.) aluminum sheet. The aluminum sheet is first treated
 

with the EQ-6 Mold Wiz release agent. The "casting" procedure con

sists of dumping the 14 pounds of powder into the frame, distributing
 

with metal spatulas until level, then packing with a draftsman's
 

straight edge. This takes care and is tedious, but works and can be
 

done in 20 minutes. After casting, the 0.25 in. frame is removed,
 

top, the plates
an identical release agent coated plate is put ooi 


are taped together and the package is sent into .he press.
 

x 11 ft. laminating
Actual thermal molding is done in SBP's 5 ft. 

2
 

press. Molding temperature is 135
0C and pressure is 200 kp/cm
 

gage (estimated at 700 psi on the part). Total molding time is 17
 

minutes. The press is first closed (requiring 45 seconds), held at
 

pressure for 30 seconds, then bumped open and closed (requrlng 50
 

seconds), and finally held at pressure for 15 minutes.
 

to reduce
(If advantageous 5 minutes could be taken off the last 15 


total time to 12 minutes.)
 

"3
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1.3 Status contd.
 

1.3.4 Molding contd.
 

A good molding is produced with a glossy surface on the bottom
 
platen. Two inches around the circumference is low density and
 

must be removed (potential 83% yield).
 

To minimize warping the newly molded parts are plyed between
 
bagasse board until cooled. Some minor warping, however, remains
 

a problem.
 

A 4 tP 5-man team is needed for the molding operation.
 

1.3.5 T-imming to Shingles 

Shingles are prepared by sawing two 26 in. x 48 in. plates from
 
each molded panel (this 
is a yield of 77% based on molding powder
 
cast). An 8 in. x 26 in. panel also results that can be used
 

for testing and sampling. To trim, a straight line is drawn
 
about 2 in. from the edge on a long side. A square is used to
 
mark an end cut and center (48 in.) cut. The panel is first cut
 

in two by hand, then machine cut to size.
 

1.3.6 Shingle Installation on Roof
 

The 26 in. width acconnodates a 12 in. lath spacing of 1 x 3's.
 

Thus the substructure consists of 1 x 3's running horizontally
 

on 12 in. centres.
 

The shingles are nailable with galvanized clout-head 1.25 in. long
 
nails. They are first nailed along a centre line (at 13 in.) using
 
4 nails equally spaced (none in centre). The top (at 1 in. down)
 
is nailed after the nail 
first goes through another shingle at its
 
centre line. 12 
in. of shingle is exposed. Shingles are staggered
 
so no edges line up. A regular 24 in. pattern side to 
side is
 

used.
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1.3 	 Status contd.
 

1.3.6 	 Shingle Installation on Roof contd.
 

Because the pitch of the roof was derived for continuous corrugated
 

itis much lower than desired for a shingle roof. Thus sealing
Al, 


will be used to prevent ingress of water due to wind and rain. This
 

is achieved by trowelling a thin layer of Sealastic caulk over the
 

nailed centre line before applying the next covering shingle. Slight
 

pressure should be applied to form the seal.
 

Transitions and flashing are to be achieved with standard aluminum
 

pieces. Painting red will be done for appearance.
 

1.4 	 Project Plans
 

1.4.1 	 Denny Williams is to supervis! all drying, blending, molding and
 

trimming.
 

1.4.2 	 Drying and blending is to be conducted at SRC.
 

1.4.3 	 Molding and trimming is to be conducted at SBP.
 

1.4.4 	 Denny Williams is to co-ordinate a molding schedule for the SBP
 

laminating press with Doug Wynter to minimize the days required
 

for molding of the roofing panels. Estimates now are for 200-250
 

moldings. A rate of 15-30 per day should be practical. Thus
 

15-20 days will be required. See item 1.4.2.4.
 

1.4.5 	 Denny Williams is to co-ordinate the drying prcess to maximize
 

output from this limiting step. Since 30 days (nichts) will be
 

required, weekends should be utilized if at all possible. Alter

natively, additional oven space could be used if found.
 

17 ecember with partial deliveries
1,4.6 All panels should be molded by 


for roofs as they cin be made availible. There are 25 week-days
 

See
available between now and 17 December (35 calendar days). 


item 1.4.14 and 1.4.24.
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1.4 	 Project Plans contd.
 

1.4.7 	 The possibility of using 52 in.wide panels instead of 48 in. should
 

be considered to increase yield from 77 to 83%. Alternatively,
 

after sufficient 8 in. x 26 in. samples are made (40) the casting
 

frame could be reduced to 2.5 ft x 8 ft 4 inches.
 

Alfrico Adams should resolve this.
 

1.4.8 	 Alfrico Adams is to draw and itemize simple roof shingle details for
 

a typical roof.
 

1.4.g 	 Review and analysis of the first roof at 95-97 Hunts Bay Site and
 

Service is to be set up with SRC, Berger and Richards at M of H
 

participating.
 

1.4.10 	 Possibility of covering 2 or 3 4-bathroom sets (each totalling approxi

mately 200 ft2) is to be considered by Adams and Richards to facilitate
 

getting maximum exposure time from panels.
 

1.4.11 	 Roofing of one (1-412) model house is to be planned for but will
 

probably occur in late January or early February 1977.
 

Assumption is that this will require 1,000 ft
2 of roof (2,200 ft

2 of
 

shingles) or 260 shingles.
 

1.4.12 	 Roof plans should be based on availability of 500 shingles (until
 

better estimates can be made). See item 1.4.24.
 

-6.
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1.4 Project 	Plans contd.
 

1.4.13 	 Based on the roofing installation conducted 11 November at 95-97
 

Hunts Bay 24 shingles are required per 90 sq ft of roof area
 

(i.e. a good conservative e..imate is a yield of 3.75 sq ft per
 
shingle). This includes trim losses, breakage, etc. since the
 

shingle is 26 in. x 48 in. (8.67 sq ft) we achieved a 43% shingle
 

area utilization (3% short of a caluclated 460 yield).
 

1.4.14 	 Referring to 1.4.10 covering 2 4-bathroom sets should require 

3 x 50 = 150 shingles. This is 75 moldings. Producing panels at 
the intial start up rate (9 per day) Denny Williams should be 

able to have these panels made by 26 November (2 weeks). Assuming
 

additional time for trimming, etc. they could be delivered to
 
M of H by 1 . mber. This is to be the major number 1 goal.
 

£By producing 15 panels per day only 5 molding days should be
 
required which should fit in with SBP other requirements for the
 

laminating press.]
 

1.4.15 	 Alfrico Adams should coordinate and provide information and super
vision (Earl the carpenter) for installation of the roofs at
 

Hunts Bay.
 

1.4.16 	 Ken Espeut of Berger Paints is to be notified by Alfrico Adams
 

when the third roof is completed. Ken is to then proceed to
 

plan the painting on this one roof. Ken is to select the paint
 
preferably a light color with high relfectivity. Berger will
 

install the paint, keep records and evaluate results periodically.
 

Treatment of and/or weathering of the roof for 30 iays should be
 

conducted to remove release agent from the molded shingle surface.
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1.4 .Project 	Plans contd.
 

1.4.17 	 Ken Espeut should arrange to evaluate all installed roofs at
 

least once montly for the first 4 months then quarterly to the
 

first year and finally annually. Comparison to the phenolic
 

bonded bagasse samples that have been on exposure at Berger
 

should be made and especially any deviations noted. [The
 

fence panels do not contain penta.] Of primary interest is
 

surface durability, distortion, swelling, mold growth (inside
 

and outside), cracking, warping and otherwise general performance.
 

Evaluation should be tailored to roof rather than just "coating"
 

performance. Records should be kept by Berger and copies mailed
 

to Alfrico Adams and George Ball. Any severe problems should
 

be noted immediately and results sent to George Ball for review.
 

1.4.18 	 The M of H personnel should also review performance and pass on
 

comments, either positive or negative to Alfrico Adams.
 

1.4.19 	 Alfrico Adams should request financial assistance from USAID
 

Jamaica to conduct the review coordination for a period of years.
 

1.4.20 	 Denny Williams is to install a simple outdoor thermometer on a
 

rafter in each of the "house sets" and as well in one "house"
 

covered with corrugated aluminum. Enough measurements (daily
 

for 1 month) are to be made to establish a comparison. Hopefully
 

site supervisors could record these on a record sheet provided
 

by Denny. This information is to be passed on to Alfrico Adams.
 

1.4.21 	 Copies of this entire document are to be sent to all participants
 

by Alfrico Adams by 19 November.
 

1.4.22 	 A cover letter and Sections 1.1, 1.2 and 1.3 of this document
 

are to be sent to all committee members by Alfrico Adams. The
 

fact that we are moving from a research into a development stage
 

should be noted and their future participation for review is
 

requested.
 

-8
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1,.4 	 Project Plans contd.
 

1.4.23 	 Sample roof shingles are to be delivered to Ken Espeut by George
 

Ball for their evaluation with paints and fence exposure (by 12
 

November).
 

1.4.24 	 After completing item 1.4.14 Denny Williams is to concentrate on 

providing shingles for the Hunts Bay Model House (item 1.4.11). 

Depending on the roof area (1000 to 1200 ft2) this will require 

260 to 320 shingles (this is a project total of 470 shingles 
1800 sq ft of roof covered, 235 moldings, 3290 pounds of molding 

powder and 2310 pounds of screened dryed pigmented bagasse. Re

ferring to items 1.3.2 and 1.3.3 just enough material should be
 

available.)
 

1.4.25 	 M of H should be encouraged to provide the labor for installation
 

of the roof on the Hunts Bay Model House with support via item
 

1.4.15 included as an additional charge.
 

1.4.26 	 The Hunts Bay Model House roof should be designed to maximize the
 

performance and beauty of the flat shingle. Consideration should
 

be given to using 13 in. x 24 in.shingles on 6 in. lath centers
 

and increasing the roof pitch to let the roof be seen and reduce
 

possibility of water ingress.
 

1.4.27 	 The demonstration panel fabricated by Earl for Alfrico Adams
 

should be reconstructed with good shingles. This display should
 

be presented to Al Richards at M of H for the purpose of demonstrating
 

the roofing material to future potential users.
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1.4 Project Plans contd.
 

1.4.28 Five tin trim panels are to be given to Tom Hughes at UWI and
 
Jimmy Campbell at JBS for mechanical testing of flexural modulus,
 
strength, etc. Properties are to be measured from both the
 
bottom and top of the panel. Performance after immersion inwater
 
(24 hours and 170 hours) both wet and following drying are to be
 
determined. 
This data should be sent to SRC, Alfrico Adams and
 
George Ball Results would be appreciated by 6 D'cember. Inwater
 
immersion tests weighing should be conducted to determine actual
 
weight percent moisture pick up based on the panel as received
 
(probably with some level of moisture already in it).
 

1.4.29 
 Other tin trim panels are to be retained by SRC for possible
 

future analysis.
 

1.4.30 
 SBP is to retain any panels, shingles, etc. that would be of
 
value to future production, marketing, etc. plans. They have
 
invested heavily in the pilot production and should have immediate
 
advantage of results and conclusions. They should contact Bill
 
McKenzie of Goodyear direct for assistance in future planning or
 
production.
 

1.4.31 In discussion of the roofing product the word bagasse should not
 
be used since it has a very negative connotation in Jamaica
 
(about as bad as cou-dung). Giving the product a name that
 
indicates it isa surable roofing product should be done. 
 It
 
is in fact (as hopefully time will show) a fiber-toughened
 
phenolic high performance composite roofing material. 
 Initial
 
stress should also not be on low cost since itismore of an
 
equal cost alternative roofing with primary advantage to reduced
 
foreign exchange requirements. Names like Duraroof, Tough Cover,
 
etc. should be considered.
 

-10
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1.4 Project Plans contd.
 

1.4.32 	 Sometime in November or December a press conference and/or
 

release should be conducted - probably through the M of H staff.
 
Suggested is the turning over of the experimental roof from
 
Alfrico Adams, coordinator of the project, to Al Richards and
 
Nadine Isaacs M of H architects for ministry evaluation.
 

Included also, and credit should be given to SBP, Berger, SRC,
 
UWI, Goodyear, Monsanto Research Corporation and USAID. Jamaican
 
participation and involvement should be emphasized. That
 
further development needs to be done should be included to
 
indicate it is not yet available commercially. Item 1.4.31
 
should also be recognized.
 

Listing of items by particpant (primary) action.
 

Alfrico Adams . All 

Denny Williams, SRC - All
 

Doug Wynter, SBP - 3, 4, 6, 14, 24, 30, 31, 32
 

Al Richards, M of H - 6, 7,8, 9, 10, 11, 12, 14, 15, 18, 20, 24, 25, 26,
 
27, 31, 32
 

Ken Espeut, Berger - 14, 16, 17, 20, 23, 31, 32
 

Tom Hughes, UWI - 14, 20, 28, 29, 30, 31, 32
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KINGSTON - JAMAICA
 

Roofing Demonstration Program
 
(26 October 1977)
 

1. 
 This information updates the information distributed 12 November
1976, concerning the Low-Cost Roofing Demonstration. It incorporates the events during the visit of George Ball 17 through

26 October.
 

1.1 The objective of the visit was to (a) review the performance of
the BRP roofs installed at Hunts Bay in November and December 1976,
(b) construct, if possible, another roof from the BRP panels made
in December 1976, 
(c) construct a roof from BOB corrugated panels
made at Seattle, and (d) determine degree of interest and capabilities tu proceed with a product development stage.
 

1.2 Participants -
A number of key personnel have left Jamaica. 
However, active participants are still available and enthusiastic.
 
They are:
 

Alfrico Adams 
- SMADA Ltd., 9260331
 

John Crofton - Std. Bldg. Products
 

Denny Williams - Scientific Research Council
 

Dr. Arnoldo Ventura 
- Technical Director/Chairman SRC
 

Ms. Nadine Isaacs - Ministry of Housing
 

Ken Espeut - Berger Paints
 

James Campbell -
J. Bureau of Standards
 

J. A. (Tony) Blackwood - Thermoset Ltd.
 

Bob Tait - UWI
 

Bill McKenzie - Goodyear-Jamaica, Ltd.
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2. STATUS
 

2.1 SUMMARY
 

2.1.1 	The BRP reinforced phenolic roofing shingles installed at the
 
Hunts Bay Site and Service housing project on 8 roofs (ca.

400 sq ft total) are performing well. No deterioration, other
 
than an expected surface chalking, has occured. There is no
 
visible mold, warpage, mechanical failure, swelling, water
 
pick up or leakage (except where nails later added for flashing
 
introduced unsealed holes).
 

2.1.2 	 Exposure samples at Berger Paints that have been outdoors since
 
May 1975 continue to perform well. Only slight mold growth is
 
observed on a few worn surfaces (none of these panels contain a
 
fungistat).
 

2.1.3 	 Tests at SRC and Jamaica Bureau of Standards on the BRP shinqles
 
confirm the strength and water resistance. Accelerated aging

results also were positive. Data is attached.
 

2.1.4 	 Another ca. 500 sq ft high pitch roof is to be constructed in
 
the Kingston area (probably Central Village) within the next three
 
weeks. Shingle size is to be 13 in. x 26 in. (1/4 that used at
 
Hunts Bay) and lay up is to be likt wood shingles (60% overlap).

These BRP panels were manufactured at Std. Building in December
 
1976 under the supervision of Denny Williams, SRC.
 

2.1.5 	 A ca. 100 sq ft roof was f:bricated at SRC on a shed using Roof Maker
 
painted, oriented fiber (P08) corruqated panels (6'!0"x2'2"). Instal
lation proceeded like any other roofing material using five nails
 
for attachment and two period overlaps. (5 full and 5 half panels
 
were required). This reprmsents the lowest cost alternative avail
able from this research program.
 

2.1.6 	 Considerable interest and enthusiasm existq in furthering the
 
program to make either or both (BRP and BOB, of the roofing mate
rials ccmmercially available. Interest also exists in pursuing
 
other applications for the materials.
 

2.1.7 	 Those organizations and individuals listed in Section 1.2 all agreed
 
to participate in any future effort. Importantly, major commitments
 
will be made when an AID-sponsored program is implemented. Assumed
 
needed is product definition and development, process refinement, cost
 
reduction and plant definition.
 

2.1.8 	 A press release was issued from SRC to the Agency for Public
 
Information and the Daily Gleaner indicating the end of a success
ful phase. (See attaed).
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3. PLANS
 

A few items remain to be completed for the existinq proqram. These will
 
be coordinated by Alfrico Adams with SRC, SBP, M of H, and Berger.
 

3.1 	 A house needing a roof will be selected by Nadine Isaacs. A size
 
of approximately 500 sq ft is desired to accomodate the remaining
 
BRP shingles.
 

3.2 	 Denny Williams, SRC, is to ship the existing 26 in. x 52 in. shingles
 
to Std. Bldg. Products.
 

3.3 	 John Crofton, SBP, is to see that the panels are cut into 4 - 13 in.
 
x 26 in. shingles. The shingles can be stored at SBP or returned to
 
SRC.
 

3.4 	 Having defined a house, Alfrico Adams is to rough a design using the
 
shingles and a pitch of at least 1 ft in 4 ft. Double overlap is
 
nc' required, but at least a 60% overlap is suggested and shingles
 
s-ould be staggered. (Average ',5.2 in. x 26 in.; thus ,600 shingles
 
needed for 500 sq ft roof, or Q250 sq ft floor space house).
 

3.5 	 Alfrico Adams is to organize the construction of the roof and supply
 
funds for materials and one carpenter. A second carpenter is to be
 
provided at no cost by SRC. Denny Williams at SRC is to supervise
 
the construction.
 

3.6 	 A press release is to be prepared and submitted by SRC promoting the
 
installation of the new proven roofing material consisting of the
 
cane fiber toughened plastic composite (bagasse should not be
 
mentioned). Berger's excellent participation in providing exposure
 
analysis should be included in this release. Photos should be taken
 
and also sent to Monsanto.
 

3.7 	 Denny Williams, SRC, is to see that the BOB roof at SRC is repainted,
 
the bottom 6 inches, the bottom edges, and the bottom side up 6 inches
 
with the "Roof Maker" paint. This is to prevent wicking of water that
 
hangs on the lower edge during a rain.
 

3.8 	 The carpenter at 5RC is to finish off the roofing job by closing in
 
the sides wi:h BRP panels. The wood should then be painted to
 
match the rest of tne shed.
 

3.9 	 A. Adams should send any published information to G. Ball, Monsanto.
 
Mission Director Lion at AID should also be made aware of any
 
publicity.
 

3.10 	 A. Adams is to arrange a meeting between Dr. Ventura, SRC, and
 
Tony Blackwood, David O'Keefe, and Carol Morin of Thermoset Ltd.
 
to provide an interchange of interest. This will have to be after
 
7 November. Thermoset should have a preliminary proposal. Thermoser
 
is at 	67A Halfway Tree - Phone 92-96951.
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4. THANKS
 

I wish to express my gratitude to a host of diligent and enthusiastic workers
 
who made the roofing development project a success. The cooperation was
 
unquestionable. I hope we can continue to work together for the better

ment of Jamaica in 1978.
 

My sincerest regards.
 

George L. Ball
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NEWS RELEASE 

SR passes milestone in developing roofing 

materials 

Dr. Arnoldo Ventura, Chairman/irector of the Scientific Research
 

Council today announced the successful completion of the 
 research stages of a joint 
Sac/Jamaican Industry/USAZD/Ionsanto Research Corporation programme to develop
 

alternative roofing materials and processes 
 that utilize abundant Jamaican 

resources. Experimntal roofing panels and roofs manufactured and installed
 
in the iJnaston/Spanjsh Town 
 area passed their initial ow-year outdoor exposure
 

testing.
 

Two candidate roofing matrial system developedwere in the four-year 

proqrame. They are also projecte4 to be useful for other areas of construction 

including wall and ceiling panels, table and counter tops, shutters and doors. 

These materials that range in indigenous content from 70 to 96 percent are tough, 
durable, colourful, water and fize resistant and have the potential for use both 

in very low cost and high performance roofing applications. Roof coverings 

anywhere from small individual wood-like shingles to large efficient corrogated 

sheets can be fabricated. 

The material4 consist of fibre-toughened durable resins that also have been 

proven in similar ventures in Ghana and the Philippines. 

Two roofs were installed at the Hunts Bay World Bank Sites and Services 

Pr9ject in November 1976, and/third was just installed at SRC under the supervision 
of SRC personnel technicaland with support from Monsanto Research Corporation. 
A fourth larger roof is planned for the Kingston area later this month. 
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The materials and roof panels were manufactered jointly at Goodyear 

Jamaica Limited, Morat Bayi the SRC Laboratories, Hope Road and Standard 

Building Products, Spanish Town under the supervision of SRC personnel with 

G. Denny Williams as the project technical supervisor. Roof sites were 

selected and provided through the Ministry of Housing by Nadine Isaacs and 

Al Richard, Architect. 

Overall coordination of the roofing development proqramme was provided 

by Alfrico D. Adams of S9ADA Limited, who tied together the various necessary 

local technical disciplines, industries and government agencies in support of 

a Monsanto Research Corporation, Dayton, Ohio, Contract to the US Agency for 

International Development, Weshinqton, .0,C,
 

George Ball, the Project Leader for Monsanto Research Corporation, stated 

in reviewing the results in Kingston this past week that " the successful 

completion of the research stage and the performance of the roofs, will provide 

the basis for recommending to USAID a further effort to include product development 

and process and performance optimisation. This effort, projected for 1978-79 

would culminate in making a roofing product available to Jamaica that would 

benefit its economic position and create jobs."
 

Dr. Arnoldo Ventura also added that "the results of the programme
 

illustrated very well thc 
role that SRC has been playinq and is amplifying 

with respect to increasing Jamaica's self-reliance. The fact that this 

programme is .a its fourth year also illustr2tes that there is a finite, but
 

foreseeable term in achieving the desired benefits."
 

Scientific Research Council 

October 24, 1977 
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SMADA CO., LTD. 
(Wan Compuim &Prucumn)4HOPE ROAO. KINGSTON 10.JAMAICA, WEST INOIES 

TELEPHONE: 926,0331 * CAILES; ALAOAMS KINGSTON 

OUR 41F. 

YOUR Rep. 

30th November, 1977.
 

Monsanto Aesearch Corporation, 
1515 Nicholas Road,
 
uayton, Ohio 
 45418 
U. S. A. 

ttentions fr. Geor~e Ball
 

Diear jeorte,
 

4Ie: Low rost- RoofIng Study.
 

I enclose a couple of clippiNrs of interest.
 

ve have installed 45U sq. ft. of roof at Drewsland as arranged. 

The conunity self-help workers asked for the remainirng panels to
extend this to another 200 sq. ft. 
on the remaining nalf of 
the buildind
 
exens i on,
 

The final roof will probaLly look rather like a patch work quilt
as at least half of one 
slope will be of 
some other material. However,
we can make a virtue of necessity by considering such an area 
 as a
control for compa:Lsca o' durabt.llty.etc.
 

I will 
 end pictures when they are developed. 

As we expected, your allocatlcn of funds for materials etc. was 
exceuded but ,enny Williams managed to arrange help frum SL:. 

The roof at 5SC has derformed very badly. The zaInt Is very

Inadequate as waterprcofing. 
 Water soaks right tnrougn.
 

Len .speut cnf.rms that t, paint 
.as mainly created for InsulatIve
and reflective properties anu 
I am now about 
to advise -eny Williams touse the orijinal tituLnous alunirtjum paint vnich a stock item atIs 
erger.
 

Len rspeut has Lndicated Ais preference for this latter 'aint inthe light of tne performance of a similar paint on -he exposure fence.
 

/2...................
 

STRUCTURAL.& CIVI. (NGINEEING ANA.YSIS * PROJICT MANAGEME NT ANALYSIS 
1RICTOS; ALFRIICO 0. ADAMS, MI. Sr¢uct. I., M.I.LJ., CHARTEI0I[O I NGINCI * SLATIL J. AOAMS 
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30th November, 1977.
 

Monsanto Research Corporation, 

It Is RYviev that the roof vill deteriorate rapidly unless %e

Laprove Its Imperviousness. 

Yours truly,
 

ALJA$C. 

ncls."
 

Cco, Mr. .. 
.speut, Berger jaints Jamaica Ltd,
. ),Lr.Williams, Scientific Research Council.
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With the Compliments 

SMADA Co., LTD. 
Wuang Computers & Processing 

Hope Road Cables:x /tglon10, Jamaica, W.I. Telephone:Aladams Kingston 926-0331 

rNw buildi,7 odf*6Wetehere 
BY C.ROY REYNOLDS doors, last year, and at the ScientificExperimtal roofing paes andTher ham been a bil Research Cotmcil at Hope. A fourthroos manufacturedbreaikhrough in the de from the new and large imtalltionis due ahortjy.eloplt of materials were instaUed at Bergerbuilding materials from local The Products themselves wererw Park in Kingston and have passedmaterials. It involves the crttion manufacturedthe initial outdoor joinUy at Goodyearexpoure tests.of products that have 60 to N per. Jamaica Umited, Mornl Bay: the 

cent local matials The DaUy News wtderstand that Scientific Researchbapsse is one Counalof the chief com. laboratortes at Hope, and theThe Daily News pmnent. of the new matermals. They Standardhas been in- are reported iikling Products plantto be tough, durable,formed that the proucts came coiourful, water and fire ressant, 
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SMADA CO., LTD. 
(Wen Computmn APr)cemihm)I MOPE ROAO. KINGSTON 10. JAMAICA. WEST INOIES 

TELEPHONE; 9264331 . CAS .S. ALAOAMS KINGSTON 
OUrn 49F. 

VOUm Rep. 

8th Vecember, 1977,
 

Monsanto Hsearch Corporation,

1515 k icholas Road,
Lay'ton, Ohio 45418 
U. S. A. 

Attention: 
 -ir.Jeorge 8all
 

Bear tsorge, 

Re: Experimental Roof
 
Davidson Crescent-
Drevsland, Kingston 

I enclose some unmounted transparencies of te experimental roof underconstruction. Due to our usual import problems there are cardno mountsto be had In Jamaica at the moment.
 

They are somewhat over exposed due to my Inexperience with the camerabut some are usaLle.
 

Raftors are 2" 
x 4" pitch pine at 2 ft. crs. Laths are 1" x 2" at 6" crs. 
Due to the elevated site It proved difficult o 4et view on tne fullroof. 
 fhe couple of half hlidden shots from a distance are unfortunately

the worst.
 

Un completion of the finishes etc. we will arrange to take another few
 
more shots.
 

/ Al Adams. 

ADA/s c. 
encls.
 

STRUCTURAL & CIVIL IrNG1NEEING ANALYSIS 0 *IOJECT MANAGIMINT ANALYSISi011"OCTOme; AVRICO 0. AOAMS, Mj, Siuc* E., ME.j. C,,A TERNEO ENGINIER e SLATCL J. AOAMS 
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Fi.gure F-. A house at Davidson Crescent, Drewsland, Kingston wasroofed in November 1977 with 13 in. x 26 in. BRP shinglesmanufactured at Standard Building Products in December1976 under the supervision of Scientific Research Councilpersonnel. 
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APPENDIX G
 

GHANA WORKING GROUP DEMONSTRATION PLANS
 

Ghana roofing material pilot

demonstration program details,
 
August 12, 1976
 

Ghana roofing material pilot

demonstration program details,
 
October 25, 1976
 

Ghana roofing material pilot

demonstration program details,
 
November 11, 1977 

Previous Page Blank
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GHANA
 
ROOFING MATERIAL
PILOT DEM.')NSTRATION PROGRAM
 

(Revised 12 August 1976)

1. FIlBER REINFORCED NAURAL RUBBER ROOFING MATERIAL
 

(A)Experimental run Saturday, July 1976 (Accra)

(B)Pilot run - September 1976 (Accra)

IC)Experimental process May-July, 1976 (Kumasi)

D) Roof fabrication - September 1976 (Kumasi)
 

1.1 PARTICIPANTS
 

1.1.1 
 Building and Road Research Institute, Kumasi 
 4221/2
 
Kofi Obeng, Roofing Project Co-ordinator
 
J.W.S. de-Graft Johnson, Director
 
A. K. Chatterjee, Head Materials Division
 
Professor Kuffour, Chemistry, UST
 

1.1.2 Ghana Rubber Products, Industrial Area, Accra 
 21771
 

Phil Westray, General Manager 
 Telex 2088
 

1.1.3 Ghana Sugar Estates Ltd. 
 63424
 

Accra Office - Dim Vander Heeden, Managing Director
 

1.1.4 Reiss and Company (Importers), Accra 
 65105
 

N.B.X.P.M. Meijer (to August 1976) 
 Telex 2040
 
J. Assenberg (after August 1976)
 

1.1.5 
 Forest Products Research Institute, Kumasi 
 5770
 

F.W. Addo-Ashong, Director
 

1.1.6 Monsanto Reseirch Corporation (MRC), 
 513-268-3411
Dayton, Ohio 
 TWX 810-459-1681
 

ival 0. Salyer, Program Manager

George L. Ball Il, Project Leader, USAID Roofing
 

.L -. 1 1 " 
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1.2 Source of Miterials
 

1.2.1 Natural rubber
 
1.2.2 Sul fur 
1.2.4 Stearic Acid 
 Ghana Rubber Products (G.R.P.)

1.2.5 Zinc Oxide 
 Accra
 
1.2.7 Pigmer* - Iron Oxide Red
 
1.2.8 Magnesium Oxide
 

1.2.6 Whole Bagasse 
 GHASEL
 

1.2.6a Drying of Bagasse

1.2.12 Antimony Oxide 
 BRRI
 
1.2.13 Aluminum Paint
 

1.2.3 Chlorinated Paraffin
 
1.2.9 Flectol H
 
1.2.10 A1OO Accelerator Monsanto via
 
1.2.11 Penta Stabiliztr Reiss & Co pany Mr. J. Assenberg
-

Identification (preferred materials or equivalents)
 

1.2.7 -
 Mapico #477 Iron Oxide red or equivalent

1.2.8 - Rubber grade magnesium oxide scavenger

1.2.6a - Baled clean dry (<0.1% moisture) sugar cane bagasse

1.2.12 -
 Ground Antimony Oxide fire retardant, KRLTS

1.2.13 - Acrylic or oil-based, aluminum flake conwercial paint

1.2.3 - Chlorowax 40, Diamond Shamrock Company, 40% Cl.
1.2.9 - Flectol H powder or flakes, Monsanto antioxidant
 
1.2.10 - AlO0, Monsanto aldehyde amine accelerator

1.2.11 Technical grade Pentachlorophenol, Monsanto Penta
 

1.3 MATERIAL REQUIREMENTS /IFOI-S'.-/ 

Wt Mid-Aug id-Sept

Parts (Z) (Ib) (Ib) 

1.3.1 Natural Rubber 
 -o 100 20.5 61.5 1642

1.3.2 Sulfur 5 46 9.4 28.2 752
 

1.3.3 Chlorinated Paraffin 
3o 42 8.6 25.8 688
1.3.4 Stearic Acid 
 i01 0.20 0.60 16 

1.3.5 Zinc Oxide 
 1o1 0.20 0.60 16
1.3.6 Dry Whole Bagasse 1 265 54.2 162.6 4343
 

1.3.7 Iron Oxide Pigment $1b 15 3.0 9.0 240
1.3.8 Magnesium Oxide .2o 15 3.0 9.0 240
 

1.3.9 Flectol H Stabilizer f( .25 0.05 0.15 
 4
1.3.10 AIO0 Accelerator f1 1.5 0.31 0.9 25
 

1.3.11 Pentachlorophenol Y 0.02
0.1 0.06 1.6
1.3.12 Ikntimony Oxide 1 r 2.5 0.51 1.53 41
 

Total 489.35 100 300 
 8009
 

Q9'0 ' 353.17. NN 
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1.3.13 	Aluminun Putint %250*
 
*quantity 	to cover 10,000 sq ft of surface
 

1.3.14 	Antimony Oxide (to flame retard paint) 5
 

1.4 PROCESS
 

1.4.1 	 Have all materials available. Bagasse dryed to moisture content
 
of less than 0.1%. Bagasse stored in plastic bags after drying
 
to prevent moisture pick up.
 

1.4.2 	 Compound ingredients in the following order using a water-cooled
 
banbury.
 

1.4.2.1 	 Turn on banbury.
 
1.4.2.2 	 Add 1/2 of the dry bagasse (1.3.6) to the banbury.
 
1.4.2.3 	 Add iron oxide and magnesium oxide pigments (1.3.7 and 1.3.8).
 
1.4.2.4 	 Mix penta (1.3.11) into chlorinated paraffin (1.3.3) in
 

separate container.
 
1.4.2.5 	 Add paraffin and penta mixture to banbury [CAUTION: Penta is
 

highly toxic].
 
1.4.2.6 	 Mix in banbury until volume reduced (-3 minutes).
 
1.4.2.7 	 F remainder of dry bagasse (1.3.6).
 
1.4.2.8 	 Mix ip.banbury additional 3-5 minutes.
 
1.4.2.9 	 Add rubber (1.3.1), stearic acid (1.3.4), zinc oxide (1.3.5),
 

Flectol H (1.3.9) and antimony oxide (1.3.12).
 

1.4.2.10 Mix for 3-5 minutes until0well compounded and fibers not
 
visible. May heat to 100 C and expel steam. Best to let
 
the steam boil out.
 

1.4.2.11 Cool banbury to less than 125 0C (preferably 1000C).
 

1.4.2.12 Add sulfur (1.3.2) and AlO0 (1.3.10).
 

1.4.2.13 Mix 2 minutes (or optimum mixing time for banbury).
 

1.4.2.14 Dump to holding mill and sheet off material to feed calender.
 

1.4.3 	 Calender compound into sheet of %0.09 itiches thickness (preferred
 
but may skip if residual strain minimized).
 

1.4.4 	 Mold panels of appropriate aize (minimum 30" x 40") in thickness
 
of 0.08 inches tO.Ol at 160 C ± 30C for 30 minutes (-0, +5 minutes).
 

1.4.5 	 Postcure panels at 90 C for 4 hours minimum (18 hour max.) on flat
 
shelves.
 

1.4.6 	 If desired paint top (one) surface and edges with acrylic based
 
flaking grade aluminum paint to which 2% by weight of solids of
 
Antimony Oxide has been added. Thin-sprayed coat only.
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1.5 ROOF INSTALLATION
 

1.5.1 	 Panels are to be nailed as a minumunt to purlins with spiral aluminum 
nails with rubber sedils. Ifdesired, J bolts can be used but drilling 
of holes is then recommended. 

1.5.2 	 Purlin spacing to be adjusted to maximize use of the 30" x 40" panel.
 

1.5.3 	 Panels to be laid up as shingles with complete overlap..(double roof).
 
Half panels will need to be used at ends.
 

1.5.4 	 Other details shown in attached 3 pages (JPRF-a,b,c) and to be worked
 
out at time of installation.
 

1.6 METHODOLOGY
 

1.6.1 	 Kofi Obeng of Building and Road Research Institute is to coorindate
 
entire project, assuring all materials are properly handled and get
 
to appropriate places well on schedule. All (See 1.1) concerned are
 
to be notified of expected schedule.
 

1.6.2 	 George Ball of MRC has gotten preliminary agreement from all partici
pants to cooperate in their various tasks. G.R.P. has agreed to
 
make July run at no cost and is estimating costs, if any, for
 
September run (molding separate).
 

1.6.3 	 Obeng must arrange for availability of all bagasse by 29 April thru
 
Ghasel and see that it is shipped to BRRI Kumasi for drying.
 

1.6.4 	 Obeng is to arrange to have bagasse dryed and stored in appropriate
 
plastic bags. He is also to arrange fur shipment to G.R.P., Accra.
 

1.6.5 	 George Ball will see that Monsanto items are shipped to Accra and
 
Meijer will facilitate entry and get to G.R.P.
 

1.6.6 	 Obeng is to visit GIHOC, Footwqare Division, Kumasi to observe com
pounding and molding by 30 April.
 

1.6.7 	 Obeng is to set up with G.R.P. a time, before 10 May to observe cem
pounding of rubber in banbury, calendering and molding at Accra
 
plant to become familiar with process.
 

1.6.8 	 Obeng to make sure material is at G.R.P. for July run and is to be
 
I there to observe the entire process through molding.
 

50 lbs of calendered flexible sheet for curing
 
studies at Building and Road Research Institute or F.P.R.I.
 

1.6.9 	 Obeng is to keep -

1.6.10 	 Panels molded at G.R.P. are to be placed outside on exposure fence
 
at Building and Road Research Institute.
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1.6.11 	 Obeng is to conduct curing studies nn calendered sheet
 
using temperatures of 150, 160, 170 C, times of 15, 30 and
 
45 minutes, 8nd pressures of 200, 400 and 600 psi. Post
curing at 90 C for 30, 60 and 90 minutes is also to be
 
examined. Samples of minimum 12 in. x 17 in.should be
 
prepared in above tests (,%0.10 in.thick).
 

1.6.12 	 Simple flexural specimens (0.1 in. x 0.5 in.x 6.0 in.) should
 
be cut from molded samples of 1.6.11 and tested for flexural
 
strength (and modulus) if possible.
 

1.6.13 	 Obeng is to arrange for all materials for run in September
 
to also be observed by George Ball.
 

1.6.14 	 By June 15 Obeng is to see that 4 houses will be ready in Kumasi
 
area on which roofs are to be constructed. Houses to be supplied
 
through BRRI at no cost to roofing program.
 

1.6.15 	 Obeng is to see that proper roof substructure is constructed
 
so that roofs can be installed in September.
 

1.6.16 	 Obeng is to get costs for all materials used and idea of conversion
 
costs from G.R.P.
 

1.6.17 	 Acrylic paint is to be selected by consulting with qualified
 
paint company.
 

1.6.18 	 de-Graft Johnson to inform appropriate government officials of
 
plan, especially for roof installation in September.
 

1.7 MATERIALS SHIPPED
 

Quantity, lbs
 

Item From (sent) (needed) Date To 

1.7.1 AIOO (1.2.10) Akron 50 26 30 May 1976 Reiss-Accra 

1.7.2 Flectol H (1.2.9) Akron 50 5 30 May 1976 Reiss-Accra 

1.7.3 Sunolite 240 (-) Dayton 50 0* 18 June 1976 Reiss-Accra 

1.7.4 Penta (1.2.11) Dayton 25 3* 18"June 1976 Reiss-Accra 

1.7.5 ChIorowax 40 (1.2.3) Clev. 1000 715 3 Aug 1976 Reiss-Accra 

*discontinued from product 26 July 1976
 
"remainder to be used in oriented bagasse product
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MONSANTO RESEARCH CORPORATION Inter-Offie Correspondece 
Rm U, M Dayton Laboratory CC 

*A, 26 October 1976 

TO Ghana Roofing Demonstration Participants 

Attached isa slightly revised information and action agenda for

the roofing program, based on the one you received dated 1 October
1976. Will you please read through it to make sure you agree with
it inall respects relating to your participation?
 

If there are any problems, please let me know directly through

Louanne Couris at the AID Mission on Reng Road, Accra.
 

Regards,
 

George L. Ball III
 

dmt
 
Attch.
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GHANA
 
ROOFING MATERIAL
 

PILOT OE.ONCTRATION PROGRAM
 
(Revised 25 October 1976)
 

1. FIBER REINFORCED NATURAL RUBBER ROOFING MATERIAL
 

(A)Experimental run 
- 22-30 September 1976 (Accra)
(B) Pilot run - October-November 1976 (Accra)
(C) Experimental process - May-September 1976 (Kumasi)(0)Roof fabrication - November 1976 (Kumasi) 

1.1 PARTICIPANTS
 

1.1.1 
 Building and Road Research Institute, Kumasi 
 4221/2
 
Kofi Obeng, Roofing Project Co-ordinator
 
J.W.S. de-Graft Johnson, Director

A. K. Chatterjeee, Head Materials Division

Professor Kuffour, Chemistry, UST
 

1.1.2 
 Ghana Rubber Products, Industrial Area, Accra 
 21771
 

Phil Westray, General Manager 
 Telex 2088
Jiri Subert, Technical Manager
 

1.1.3 
 Ghana Sugar Estates Ltd. 
 63424
 
Accra Office -
Dim Vander Heeden, Managing Director
 

1.1.4 
 Relss and Company (Importers), Accra 
 65105
 

Telex 2040
 

Jan Assenberg
 

1.1.5 
 Forest Products Research Institute, Kumasi 5770
 
F.W. Addo-Ashong, Director
 

1.1.6 
 Monsanto Researcn Corporation (MRC), Dayton, Ohio 
 513-268-3411
 
TWX 810-459-1681
Ival 0. Salyer, Program Manager


George L. Ball Il, Project Leader, USAID Roofing
 

358
 

* MONSANTO qESEARCH CORPORATION e 



1.2 SOURCE OF MATERIALS
 

1.2.1 Natural Rubber
 
1.2.2 Sulfur
1.2.4 Stearic Acid 
 Ghana Rubber Products G.R.P.)
1.2.5 Zinc Oxide 
 Accra
1.2.7 Pigment - Iron Oxide Red
 

1.2.6 Whole Bagasse 
 GHASEL
 
1.2.6a Drying of Bagasse 
 BRRI or local company
 
1.2.3 Chlorinated Paraffin
 
1.2.9 Flectol H
 
1.2.10 AlO0 Accelerator Monsanto via
1.2.11 Penta Stabilizer 
 Reiss & C pany - Mr. J. Assenberg
1.2.8 
 Magnesium Oxide
 
1.2.12 Antimony Oxide
 

Identification (preferred 
materials or equivalents)
 

1.2.7 -
Mapico 0477 Iron Oxide Red or equivalent
1.2.8 - Rubber grade magnesium oxide scavenger
1.2.6a- Baled clean dry (<O.l% moisture) sugar cane bagasse
1.2.12- Ground Antimony Oxide fire retardant, KRLTS
1.2.13- Acrylic or oil-based, aluminum flake commercial paint
1.2.3 - Chlorowax 40, Diamond Shamrock Compamy, 400 Cl.1.2.9 - Flectol H powder or flakes, Monsanto antioxidant
1.2.10- AIO0, Monsanto aldehyde amine accelerator
1.2.11- Technical grade Pentachlorophenol, Monsanto Penta
 

1.3 MATERIALREQUIREMENTS :Formula 198015-lA!
 

Weight 23 Sept Oct-Nov
 
Parts _(Ib) (lb) 

1.3.1 Natural Rubber 
 100 20.5 
 61.5 1230
1.3.2 Sulfur 
 46 9.4 28.2 564
 
1.3.3 Chlorinated 
 42 8.6 25.8 516


Paraffin

1.3.4 Stear'c Acid 
 1 0.20 0.60 12
 
1.3.5 Zinc Oxide 
 1 0.20 0.60 12
1.3.6 Dry whole bagasse 265 54.2 162.6 3252
 
1.3.7 Iron Oxide Pigment 23.8 4.75 14.25 285
1.3.8 Magnesium Oxide 
 6.2 1.25 3.75 75
 
1.3.9 Flectol H 
 .25 0.05 0.15 
 3
 

Stabilizer
 
1.3.10 AlO0 Accelerator 1.5 0.31 0.9 19

1.3.11 Pentac,lorophenol 
 0.1 0.02 0.06 1.2
1.3.12 Antimony Oxide 
 2.5 0.51 1.53 
 31
 

Total 489.35 100 
 300 6000
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1,5 TA LS ISHIPP
 

Quant bs 
Ite From sen t nee ed) Date r To 

Al 50 30 a 6 RessAccra 
1~~~52~29o 5 60 3 7ctReiss- ra.
 

.5.3 Suno 11te2 ) Dayton 50 6, 0 8 ue , 976' Res's-ccra, 
15 Penta(1 Qao 2 .96 eS6-c 
55 Ch1orowa' 40' Cay, 1000 75 3..g.96. a ....... 

56gnsuOe Dayton 100-. 75 220cf 1976 GRC-ccra
 
1+57 'nhii'o~ Qide Dao 50 31 22O 96 GC"Acc
 

*dsotne rmproduc" 26,J y319676wok o
 
Orifina sipe 24'Sep tern e b n hot
 

e Y kaA
;rfsd 

y 

.6 ACTION-ITEMS -October ,f7)
 

.6.1 Gha!waRubber~Cop ,GRC) IStoanbuy,-set ad mold Ione 4044g

bar oxe~~Itao 1 ' ofcl otia 198015-11dentical Sec~ion"I I 

ah2t'Atugust, lette' COoe623 1eptember'J 
1.6.2- Based on resu s f: GCSt0Ia process aditional1 batches of tee~t.tofi~Jbeibagasse ,duing thei3eea of 27th September,196

[DCon. 1,Octobe r 
1.6.3 Panels ~2 ft x2, 0.08jn. (1cx6 c -2 )~afe _to be

ad ~GC~~dsyo laida
h press areto be fab icated
to alow this.'e)
o'Done 30: Septembe3I

1.6;.4r George Sall i to assist GRC in~I 2'and3. .Oone, 1 October)# 
1.. . era ofJ theGhasel Sat' Mil ats tAsurs s to bag all

~procsiable bagais avaJ)lab. (approx~iatejy -125 s
and trans ort~t GRC Accra f~D 296Se temberI'i 

atm 

R.Hima1.66 I s o contact, tha haSal I111 at'Komnuda to determine ifaddiionl bgasse mayno be available and to also have it bagged: 

October 4000 Dounds (d.ry) j1.6.7 In or 8000 poudS (*).of~baga S3. arei 

1.68I of Gh1 esrea sucontaci'D0 Vander
 
Hfdo Ae wr u dti and carliest delivery,
o nael 
 a't 


an ?OOtsu em #s a 
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1.6.10 	 For next and larger production the Formula 1g8015-1 shall be revised
 
as follows: Item 1.3.7 Iron Oxide Pigment is to be 4.75% (23.8 parts)
 
and item 1.3.8 MgO is to be 1.25% (6.2 parts). [Done - See Section 1.3.
 
Formula is now 198015-lA].
 

1.6.11 	 GRC is to process (banbury) 6000 pounds (2700 kg) of 10 and sheet
 
ready for molding. Bagasse will be dried at kiln of local factory.
 

1.6.12 	GRC is to mold at least 1950, 2 ft x 2 ft x 0.08 inch, pane s from
 
11. This should total 7800 sq ft. Molding is to be at 160 C for 30
 
minutes.
 

1.6.13 	 Kofi Obeng of BRRI is to stay in contact with GRC to determine when
 
panels are ready. Positive contact at least once a week.
 

1.6.14 	At least 10 of the completed panels are to be shipped by air to
 
George Ball at MRC for testing and analysis.
 

1.6.15 	 Unmolded sheets (at least 5) are also to be shipped to George Ball
 
for molding into demonstration corrugated panels. One large rolled
 
sheet 30 in.x 80 in.is also be be shipped for similar treatment.
 

1.6.16 	 Phil Westray, GRC is to report to George Ball any problem and/or the
 
ease with which processing was accomplished and delivery dates. [See
 
1.6.17].
 

1.6.17 	 Communication to George Ball will be expedited by the USAID Mission
 
to Ghana, Ring Road, Ms Louanne Douris or her staff through AID
 
Washington, OST, Merrill Conitz.
 

1.6.18 	 26 molded panels are to be delivered to Kofi Obeng (or Mr. Chatterjee)
 
at BRRI, Kumasi at the earliest possible time. One panel is for
 
physical tests.
 

1.6.19 	 Item 18 is to be used to prototype a roof section, work out detailing,
 
and provide an exposure panel to be placed at the exposure sight of
 
BRRI. this snould provide a 10 ft wide by 4.5 ft high roof section.
 
One panel should be used to measure tensile, flexural, water pick up,
 
etc at BRRI and U.S.T.
 

1.6.20 	 BRRI is responsible for designing roof based on the 2 ft x 2 ft
 
panels. Panels are to te drilled. 3 holes each 6 inches apart and
 
3 inches from each side. 1 holes on too are to be i inch down and
 
the other 4 on center line. Panels are to be laic jp as shingles
 
ina staggered pattern so holes must matcn.
 

1.6.21 	 Having achieved a proper design (20) and demonstrated it (19) BRRI is
 
to determine the best method for drilling holes using a pattern
 
frame.
 

1.6.22 	 The remaining 1915 Panels are to be imiooed to 5RR:-Kumasi. Transport
 
is to be worked out between GRC and ERRI. The panels are to be
 
stored inside at BRRI and protected.
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1.6.23 	BRRI is to drill the holes in the panels to make them ready for
 
roof installation. NOTE - once the holes are drilled the panels
 
cannot be repaired. Thus make sure all designs are correct before
 
proceeding.
 

1.6.24 	 BRRI (Chatterjee, Okyere, Obeng, de-Graft Johnson, Neutsugah, Afele)
 
are to select the houses on which the roofs are to be installed.
 

1.6.25 	 Strong consideration for houses is to be given to the Rural Housing

Scheme of Mr. Afele discussed with George Ball, Okyere and Obeng on
 
27 th September. The whole houses and/or kitchen areas may be con
sidered. Roof area should be less than 750 sq ft per house.
 

1.6.26 	 The equivalent of 4 houses are to be selected for roofing by BRRI.
 

1.6.27 	BRRI is to construct the houses and install the roofing using the
 
2 ft x 2 ft panels making sure extreme care is taken to assure proper

workmanship. Where transitions are required, aluminum fittings are
 
to be used, but transitions should be minimized by design. Nails are
 
to be flat head type at least 1.5 inches long and spiral grooved to
 
prevent creepout. All nail heads are to be covered by overlapping
 
panels.
 

1.6.28 	 BRRI (de-Graft Johnson) is to report all findings concerning roof
 
construction, both favorable and unfavorable to George Ball at MRC.
 
[See item 1.6.17].
 

1.6.29 	George Ball is to be notified by de-Graft Johnson through AID (1.6.17)
 
as to the schedule for cotrcruction of the roofs. This should take
 
place in November 1976.
 

1.6.30 	George Ball is to be in Kumasi 
during 1.6.29 to observe and assist,

if schedules permit. The first roof should be fabricated before his
 
arrival.
 

1.6.31 	 Kofi Obeng is to put together the elements for at least 2 displays

showing the use of indigenous materials in roofing panels in Ghana.
 
To be included are raw materials (small samples), canbury product,

milled sheet, molded part, drilled part, etc. One display is to be
 
used at exhibition in Accra (early 1977) to be put on by BRRI. Other
 
for AID Washington. George Ball or AID will transport.
 

1.6.32 	 Display something like tr s:
 

Additives
 
Pigment from Ghana
 
B gasse
 
Rubber
 

Banbury 	Product
 
Milled Sheet all manufacturing done in Ghana
 
Molded Panel
 
Finished Panel
 

Drawing 	and/or

photos of house
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1.6.33 	 Phil Westray, GRC isto estimate the sales price of the panels as
 
they were made. This information isto go to George Ball who will
 
estimate cost of corrugated sheets and final roof. Prices are
 
to be estimated and quotes are to be reserved for specific cases.
 

1.6.34 	 Dr. B.Biswas, Department of Chemistry, UST isto observe and
 
provide support when necessary inhis areas of expertise.
 

1.6.35 	 Kofi Obeng of PRRI isto get from FPRI (or other good source) wood
 
shavings or sawdust (hardwood) to be processed by GRC. At least
 
200 pounds dry weight isto be made available. The wood residue is
 
to be representative of Ghana sources, isto be well defined so
 
more can be procured, and isto be reasonably fresh.
 

1.6.36 	 GRC isto process the wood residue into formula 198015-1A substituting

itfor the bagasse (item 1.3.6). But first instead of using 265
 
parts (54.2%) use 150 parts then proceed to use 265 parts if it
 
seems possible. Mold 2 ft x 2 ft panels.
 

1.6.37 	 BRRI isto put a number of the 1.6.36 panels on outdoor exposure
 
to determine their future potentials.
 

1.7 NEW ACTION ITEMS (25 October 1976)
 

1.7.1 	 George Ball isto have 100 pounds of Borden dry powder phenolic resin
 
(Thor MD-820-92) shipped to BRRI. This will be sent as a sample
 
through Swiss African Trading, P.O. Box 897, Accra (Mr. M.0.Afful).
 

1.7.2 	Ghana Rubber Company processed approximately 30 kg of bagasse, pigment

and penta on 1 October, identified as Formula 10176-B. This isto be
 
used with item 1.7.1 inexperimental work at BRRI on the phenolic

bonded dry blend :31% 1.7.1 with 69% pigmented banburied bagassel.
 

1.7.3 	 Kofi Obeng isto experiment with molding of th8 phenolic bonded dry

blend at BRRI. Molding isto be at 275 F (135 C)and mold release
 
EQ-6 must be used.
 

1.7.4 	 Kofi Obeng isto report at 'ieast once every 10 days between 1 October
 
and 15 December to George Bail through the AID Mission to Ghana (See

1.6. 17). Reporting isto be done to include work done or not done.
 

1.7.5 	 J.W.S. de-Graft Johnson isto confirm. that house and roof plans are
 
complete ano that houses are under construction to be roofed. He is
 
to notify George Ball of exoected completion dates.
 

1.7.6 	 Items 1.5.6 ano 1.5.7 were delayed by the airlines. Their lack of
 
availability inGhana may require rescheduling of some of the work.
 

1.7.7 	 As an imediate goal we should plan to have at least one roof up and
 
complete by 15 November.
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Ref: Ghana 11-11-77

Edited 12-28-77
 

GHANA ROOFING MATERIAL
 
PILOT DEMONSTRATION PROGRAM
 

Participant Information Memo
 

by
 

George L. Ball III
 

1. INTRODUCTION
 

This information updates the information distributed
25 October, 1976 concerning the Low-Cost Roofing Demonstration in Ghana. 
 It incorporates the new events since
that time, and those during the visit of George Ball,
October 31 through November 12, 1977.
 

1.1 OBJECTIVES
 

The objectives of the visit by Mr. Ball were to
the performance of the outdoor samples at Kumasi, 
(a) review
 
(b)manufacture Bagasse Reinforced Phenolic 
(BRP) shingles at
Ghana Rubber Products (as indicated in items 1.7.2 and
1.7.3 of the 25 October 1976 memo), 
(c) install at least
one roof using the BRP shingles on a structure selected by
BRRI, 
(d) examine use of wood residues in BRP shingles
(item 1.6.35), 
(e) determine needs and timing to reactivate
the Bagasse Reinforced Rubber 
(BRR) roofing shingle demonstration, and 
(f) define any continuing interest, future
program, and the possible or probable participants.
 

1.2 PARTICIPANTS
 

Mr. Jeri Subert, Technical Manager at Ghana Rubber, who
was a key participant involved in the past, has been replaced
with Mr. Ivo Caganek. He is 
a well qualified rubber expert.
 
MRC's contact a, the AID Mission now is John Cooper, Chief,
Office of Science and Technology.
 

2. SUMMARY
 

Good results were achieved over 
the past year in Ghana, in
spite of a massive fire in a warehouse at Ghana Rubber Products that disrupted their normal business and destroyed all
raw materials that had been sent to them, and all BRR product produced in October 1976.
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A 100 sq ft roof was installed at the Council for Scientific
 
Industrial Research (C.S.I.R.) Secretariet grounds (ACCRA)
 
on 9-11 November. The roof consisted of BRP shingles

(10 in. x 20 in.) that were manufactured and finished entire
ly at and by Ghana Rubber Products between 3rd and 8th
 
November 1977.
 

THE BRP shingle formulation was slightly modified from the
 
standard by substituting mahogany wood shavings for 25% of
 
the bagasse. A 50% level was also examined. Where flexural
 
strength and toughness are required, such a substitution is
 
not reconended. The fibrous bagasse performed best. No
 
fiber character was retained in the wood because it was
 
ground to dust. Borden's Thor Phenolic powder was used in
 
the experiment.
 

The outdoor exposure samples at BRRI, Kumasi still are per
forming well. The BRR, BOB (painted) and phenolic clay 
are all excellent. They show little wear and no mold growth.

The BRP is showing mold growth, especially on the bottom side.
 
A biostat will be needed. A corrugated unprotected BOB has
 
been 	virtually destroyed through outdoor exposure.
 

Strong interest in the BRR system still exists at GRP and
 
they will pursue it as soon as their new boiler is installed.
 

Availability of bagasse is a continuing problem that needs to
 
be resolved.
 

Work will continue in Ghana during at least the next 6 to 12
 
months based on the interests at GRP and BRRI. The future
 
cause of action will then depend on the results of this work.
 

3. 	 ACTION ITEMS
 

3.1 	 GRP will conduct another small plant run to manufacture BRP
 
shingles using 100 pounds of phenolic resin shipped from MRC.
 
This should occur within the next four weeks and formulation
 
A, only bagasse, should be used.
 

3.2 	 BRRI is to construct a second vool from the panels produced

in 3.1 in the Kumasi area. Mr. Obeng is to coordinate with
 
GRP and plan for a 100-120 3q ft roof.
 

3.3 	 BRRI/FPRI, in Kumasi, is to install their 4 ft x 4 ft hydraulic
 
press and have it operating by 15th January, 1978. Fteam heat
 
to 160 0C desired.
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3.4 	 Once 3.3 is complete, Mr. Obeng is 
to experiment wi'th BRP
 
material from October 1976.
 

3.5 	 Mr. Obeng is to examine roof number 1 - BRP at CSIR, Accra;
record comments in notebook,.and re-examine monthly for one
 
year.
 

3.6 	 Mr. Obeng is to establish and keep records on outdoor
exposure samples at BRRI, Kumasi. 
He is to wire down these
samples and add the new shingles.
 

3.7 
 Mr. Obeng is to determine the physical properties of the
shingles made in November 1977, and to report the data to

GRP and MRC.
 

3.8 
 Messrs. John Cooper and Phil Westray are to meet to discuss
 
the program.
 

3.9 
 MRC will provide GRP proforma invoices for materials needed
to make both the BRP and BRR materials. The amounts for 1
and 10 
ton lots will be used.
 

3.10 GRP will compound more of the BRR system once a press is
available to mold at either GRP or BRRI. 
 The October 1976

formula will be used.
 

3.11 	GRP and BRRI should obtain a supply of bagasse as soon as
the sugar mills start operating. 5 to 10 
tons 	should be

stored and dried.
 

3.12 	Mr. Obeng is to report by letter to Mr. Ball-MRC via Mr.
Cooper, AID/Accra, as 
each of the above events occur, but
at least once every two months.
 

3.13 	Mr. Ball will 
notify all parties involved if and when funds
are made available by AID/Washington for any future develop
ment effort.
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4. DETAILS 

BRP MOLDING POWDER MANUFACTURE
 

First, it was determined that the materials necessary to
make panels to cover at least 100 sq ft of roof were available. 
 Critical was bagasse (that had not been destroyed
in the GRP fire), 
since the sugar mills were not operating,
and the phenolic powder (100 pounds). The phenolic powder
(Borden Thor MD-820-92, MRC P.O. D89680) was 
at BRRI,
Mahogany wood shavings (hardwood residues) were found in a
furniture plant next to GRP.
 

Three molding powder formulations were planned. 
They were
designated (less resin): 
 GH11477 -

A B C D 
- weight, Kg. 

Wet Whole Bagasse* 36  18 27
Wet Wood Shavings* 
 - 36 18 9
Processing Oil-Light 
 1.6 1.6 
 1.6 1 6
Red Pigment 
 2.1 2.1 
 2.1 2.1
Pentachlorophenol 
 0.02 0.02 0.02 
 0.02
 

Total 39.7 39.7 
 39.7 39.7
 

Dry Wt. 28.9 28.9 28.9 
 28.9
 

*Assumes 30% by weight water
 

The above listed materials were processed in a 45-liter
Banbury mixer. 
Compound A processing proceeded as 
expected
taking a total of about 20 minutes. Compound C was then
processed, but it was observed that refining of the wood
required much more 
energy and time such that 30-40 minutes
 
was used.
 

Compound A had intact, long bagasse fibers 
(even thougha few
percentage were a little 1arge), 
whereas Compound C consis .d
of all finely ground bagasse and wood. Compound C would be
easier to cast, but would not have the tensile stre:yth of A.
Accordingly, Compound B was not made and all but material
for one molding of A and C were mixed together to form
Compound D. 
They were mixed after large bagassL pieces were
screened from Compound A.
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The banburied Compounds A and C (two batches each) totaling
160 Kg were dried overnight (12 hours) in the steam heated
oven at GRP. This oven was at 850C and
were evident. some steam leaks
Problems with water were not observed except
with the larger pieces of bagasse that were removed.
 
The banburied bagasse/wood Compound D (70 parts by weight)
was dry blended with 30 parts of phenolic powder.
done in This was
a ^40 gallon drum partially filled with .1.0
Kg of
compound (actually 3500 g Compound A, 3500 g Cc~mpound C, and
300 g Phenolic Powder).
 

4.2 MOLDING AND FINISHING OF BRP SHINGLES
 

The molding techniques and conditions were 
identical to those
used in the MRC lab and production in Jamaica with the
exception that curing times were decreased significantly.
 
T13 molds consisted of pairs of aluminum caul plates (1/8 in.
thick x 28 
in. 
x 28 in.). The casting frames were 28 Li.
28 in. 
x 0.38 in. plywood with 21 x
 
into them. in. x 21 in. cavities cut
Only three sets of molds were used since this
small amount of aluminum cost approximately $400.00.
 
The six caul sheets allowed two parts 
(four cauls) to be in
the press curing while two were being cast on
cauls. the remaining
This proved to be most efficient resulting in a five
minute total cycle time for a 'i~ld of 24 panels per hour
(24 panels make 48 
shingles).
 
A key to the relatively short total cycle time was the
ability to reduce the press 
cuze time to 
1.5 minutes. 
This
was achieved by incrementailly reducing cure 
time from a
proposed 15 minutes. Shorter times were not used only
because they were 
impractical to 
time in the manual operation.
 
The caul sheets were
release agent. 

first seasoned with Mold Wiz EQ-6
Before each casting they were wiped clean and
sprayed with an EQ-6/alcohol (5/95) mixture 
(ethyl alchol from
sugar cane).
 

The molding powder was weighed into p'ethyeonecontaining 1 Kg. bags, eachThis was 
the charge for one mold.
 
The molding powder was dumped onto the caul sheets with the
wood frames and leveled by hand with straight edges. 
 A crew
of four did two of these every four minutes.
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The panels were cured at 140 0C for 1.5 minutes at 50 atmosphere pressure. 
A single molding each of Compound A and C
were made which showed C to lack resistance to breaking by
hand, whereupon Compound D was 
selected as the best

compromise.
 

At least 140 panels were manufactured. 
 Some of these were
experimented with in reducing cure time. 
 One hundred and
twenty good panels were produced (333 sq ft). 
 Thickness
varied from 2.6 to 3.1 
mm 
(0.10 to 0.12 in.). Panel
weights were 0.7 lb/sq ft.
 

Molded panels were turned into shingles by first trimming
to a 20 in. x 20 in. dimension with a circular saw and then
cutting into two 10 in. 
x 20 in. pieces. Cutting was done
after the panels were stacked into two piles and left to
cool overnight. 
 Some severe warpage of the panels was
observed which may be due to a differential thermal contraction. 
 Each panel warped in an identical manner implying a
built in constant strain. 
This problem will not manifest
itself when corrugated panels are made.
 
Wood type saws 
should be used for cutting since fine teeth
cut very slowly. Trimming was actually done in the Modern
Furniture, Ltd. plant adjacent to GRP, which was 
also the
source of the wood shavings.
 

Cutting the panels into two pieces lessened the warping problem
but did not eliminate it. The center of the parts were 
flatter
and also seemed a bit thicker. More uniform mixing and molding may help reduce this problem.
 

ROOF SELECTIONAND INSTALLATION
 

A site for an experimental rccf was discussed with Dr. 
J.W.S.
deGraft Johnson. 
 Because available material was
area limited, the
of the roof could not exceed ,1l00 sq ft. By chance, the
carpenters at the C.S.I.R. Secretariet, Accra, where Messrs.
Ball and deGraft-Johnson met, were 
in the process of constructing a new seciur_,' 
 house to provide more room and
reduce the high intericr temperature, due to 
the corrugated
iron used on the existlnq buildina. The building was 6 ft
x 10 ft with a roof of 8 ft x 12 ft, with a pitch of 1 in 4.
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Since the biilding needed the anticipated quantity and
 
type of roofing shingles to be produced, Dr. deGraft-

Johnson agreed to include it in the project, and arrange
ments were made to roof the building the week of 7 November
 
after the shingles were manufactured. This roof being in
 
Accra was highly advantageous vis-a-vis transport of

shingles since transportation to Kumasi is most difficult.
 
The only disadvantage of the Accra location is that it is
not a place where BRRI personnel can see it every day.

However, they should examine it at 
least monthly for the
 
first year and record any obvious changes - and also its
 
continued performance.
 

The bilding to be roofed was of wood frame structure
with corrugated iron sheet siding. The new building is in
 
the sun whereas the old one was shaded by a tree a good

part of the day. Therefore, inside temperatures will be
 
high.
 

The roofing system was to consist of %10 
in. x 20 in.
 
shingles (to be known after finishing on 7 NuveL)-er)

Accordingly, a staggered overlapped configuration ws to
 
be used. The shingles were to be nailed to purlins

(battons) which were to be connected to rafters whi:h were
 
to be connected to two horizontal wood supporting beams.
 

Construction of the roof finally started November 9th.

By 2:00 PM that day the rafters were installed and battons
 
were being attached.
 

The rafters were rough sawn actual 2 in. 
x 4 in. hardwood
 
spaced at 2 ft centers. Seven rafters were added for 
the

12.5 ft width, including a 3 in. overhang at each end.
 
The purlins were rough sawn 0.5 in. x 2 in., 
selected by

Mr. Ball, tc be as uniform in thickness and as straight as

possible. The purlins were spaced at 3.5 in. centers 
ex
cept that two were placed side by side at the bottom and
 
top.
 

On future racfs at least 3/4 in. and preferably 1 in. purlins

should be used. Additicnally, 4.3 to 4.7 rn. spacing can

be used ("ust enough to cover tne nail heads on 
the center
 
line) with thns size shingle.
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Mr. George Ball supervised the installation of the first
 
three rows of shingles. In the first row, a complete
 
double coverage was used to force rain to drip from the
 
furthest surface and not run down between the butted
 
shingles.
 

The installation went without incident with attachmcnt
 
by 1.5 inch smooth surfaced large head nails. Actual
 
roofing nails that are textured to prevent pull out are
 
suggested but could not be found in Accra.
 

One very important consideration that was required to
 
produce an attractive roof was to turn the mid-section
 
cut of the shingle downward. The edges of the shingles
 
were warped, whereas the center was not. Thus, the
 
exposed flat side looked good when the warped side was
 
nailed flat. If this was not done, some curling of panels
 
was noted giving a "rustic" but for now a less desirable
 
appcarance. Attempts to explain this problem and its scP
ution were generally unsuccessful. As soon as direct
 
supervision by Mr. Ball stoped, the panels were installed
 
mostly upside down. A shortagc of shingles negated rein
stilling improperly installed ones. 

The installation of the roof was nearly completed by
 
C.S.I.R. carpenters on November 11th. Each row required

7.5 shingles and there were 27 rows. This equalled some 
26 shingles at a 35% utilization (intentionally low for 
the demonstration). The roof looks acceptaole and should 
perform for at least ten years. The only prozlen foreseen 
is the possible pull out of the nails upon normal thermal 
cycling. Bending over the exposed nails would be preferred. 

4.4 ?EFTCP.'A24CE OF THE CUTCOOR EXPOSURE SAMPLES
 

Samples of 3RP, BRR, BRT and BOB have been on outdoor 
exposure racks at BRRI, Kumasi, since April 1975. The 
panels are installed at a 101 -ztchfor maxinum water and 
h,,Lnidity exposure. A control bagasse PVC sample has com
pletely deteriorated in the first year of exposure and has 
turned black with mold. 
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Mr. Ball inspected the samples on November -0, 1977. They
 
all appear to be as in gcod a shape as a year ago, even
 
the PVC has gotten no worse. The BOB and phenolic clay
 
look excellent with no apparent mold growth and no surface
 
deterioration, except a slight fading of the red color.
 
The BRP is getting a fair amount of mold on the backside.
 
The BRR has bent down between the supports, has no more
 
surface abrasion than last year, and little apparent mold
 
on the top side. The BRT are also not changed from a year
 
ago - still having an excellent appearance. A corrugated
 
BOB has swollen to where it is useless.
 

4.5 STATUS OF A BRR ROOFING DEMONSTRATION
 

All raw na trials for the BRR system were destroyed in a
 
fire at Ghana Rubber Products (GRP) in August 1977. Mr.
 
Phil Weszray said that GRP would buy tnese materials if
 
MRC would supply Proforma invoices showing sources, costs,
 
etc.
 

GRP's new higher temperature steam boiler has not yet
 
arrived from Glasgow. It should be installed and operational
 
in the first quarter of 1978. New, larger (102 cm x 102 cm)
 
presses has been installed at GRP giviag thtem added capabil
ity. GRP h'4s also acquired a new Wabash press with electric
 
heat 'or their lab. It has 18 in. x 13 in. platens and
 
thus The BRR material can now be molded on a laboratory scale.
 

Support had bee n expected from BRRI and FPRI in Kumasi to
 
mold BRR panels through their installing a two daylight
 
4 ft x 4 ft press (a new half size plywood press). BRRI and
 
FPRI agre,:d to install the press two years ago and nothing
 
has yet been done. Commitments to install the press within
 
the next t.c months were again given to Mr. Ball by Messrs.
 
deGraft-Johnson and Addo-Ashong. Mr. Ball said it must be
 
done or anv future effort at BRRI would not appear to benefit
 
the overall program and its future.
 

4.6 BAGASSE AVA:LB3:L:TY
 

There is a lot of concern over tne non-ava-lability of bagasse
 
from the su;ar mils for this product. However, the bagasse
 
is superior to all other candidates (including the wood as
 
discusse4 in 4.1 and 4.2).
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Presently, all bagasse is burned as 
fuel for the sugar mills.

Some low grade fuel oils can be used to compliment the

bagasse, but the boilers 
are not designed to take the rates

and temperatures of burning associated with oil.
 

A possible alternative fuel is based on another AID
sponsored program to make charcoal from sawdust residues

using pyrolysis. This charcoal could be used to fire the

boilers, thus saving the bagasse for the roofing material.
 
There is no good alternative to bagasse for the roofing and
thus this problem must be resolved. However, it should not

hinder progress on the project with respect to refinement
 
of the processes and definition of viable rocf material
 
products.
 

4.7 GENER1AL !NFORMATION
 

A press release appeared i.n the Ghana Daily Graphic on

Monday, October 31, reporting on the existence of the roof
ing project. This was issued by BRRI.
 

Mr. Ball met with Professor A. N. Tackie, Executive Chairman

of C.S.I.R. and discussed the roofing program in detail.

Mr. John Cooper, US-AID, set up this meeting especially

since Mr. Tackie was going to a developing nation scientists

meeting in the U.S. He seemed most 
interested and pleased,

but he had no previous knowledge of the project (except

for the press release he saw the day before the meeting).
 

Inflation in Ghana has increased greatly since the last
visit a year ago. In any future project, this will have to
 
be taken into account.
 

The Resinox 736 shipped from Dayton did not arrive, or was
 
not found, before Mr. Ball left Accra.
 

Mr. :an Assenberg, Reiss and Company, could supply phenolic

resin and hardener (giue used in the plywood industry).

This is worthwhIle investigating to reduce resin costs.
 

Mr. Phil Westray may be able to assist BRR 
 in getting

samples, etc. to Kumasi, via Mr. Taylor at 
G.:.H.O.C.
 

The Komenda sugar Mill seems to be about the same 
size as
Asustare, but i expect 
runs a longer season, thus has a
 
greater potential for supplying bagasse.
 

7mis me-o o the Snana DartiCizarts mas editea specifically for clarity 
ythne author tC be inclJcea in the final re"ort witnout chang;ng any ] 

Ltechnlcal content, 3nc 
thus vffers slightly frcm tne 11 
 Novemoer version.]
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APPENDIX H
 

PHILIPPINE WORKING GROUP DEMONSTRATION PLANS
 
AND TYPICAL SUMMARY REPORT
 

Philippine roofing material pilot
 
demonstration program details,
 
August 12, 1976
 

Interim Project Report, National
 
Housing Corporation, Caloocan City,
 
October 30, 1976
 

Interim Project Report, Low Cost
 
Building Panels, National Housing
 
Corporation, July 9, 1977
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PHILIPPINE
 
ROOFING MATERIAL
 

PILOT DEMONSTRATION PROGRAM
 
(Revised 12 August 1976)
 

I. FIBER REINFORCED NATURAL RUBBER ROOFING MATERIAL
 

(A) Preliminary Experimental Run, a April, 1976 (Latex City)
 

(B) Experimental Run, Mid-August 1976
 

(C) Pilot Run, Mid-September 1976
 

(0) Experimental Laboratory Work, April-August 1976
 

(E) Roof Fabrication, late September 1976
 

1.1 PPRTICIPANTS
 

1.1.1 	 National Housing Corporation (NHC), Tala, Caloocan City, Ph: 90-10-08
 
90-16-36
 

Jose Victor L. Cedro, Roofing Project Coordinator 	 90-16-37
 

General 	Guadencio V. Tobias, Executive V.P.
 
90-16-30
Colonel Alejandro R. Kibiling 


222 Sundia Ave., Makati, Rizal 89-30-61
1.1.2 Jardine Davies (JD), 


A. Gordon Westly, V.P.
 
Andrew W. Russel, Manager
 

(a) Hawaiian - Philippine Sugar Co., Negros
 

George D. Gordon, Managing Director
 

90-12-27
1.1.3 	 Manila Rubber Corporation (MaRuC), 50 J Ramoy Rd., 

Caloocan City 90-13-09
 

Rufino Tan, Plant Manager
 

Las Penas, Rizal 83-18-3
1.1.4 Latex Poduc:s Co., (LPC) Inc., 

83-27-87
 

Kong Kuan, Cnairran of the Board
 

Forest Products Research and Industrial Development 27-26-52
1.1.5 

Cornssion (FC), 872 'sabe! Bldg., Isaoel 	St.,
 
Esoana, Manila
 

23-60
Laboratory - 'os Banos 

23-77
 

Dr. Francisco Y. T~rnolana, Commissioner
 

Joaquin 0. Siopong:o, Engineer
 
Arthuro A. Pablo, Scientific Research Associate
 

and Project Leader
 

1.1.6 USAID/Pn.ihppines (AiD/?,, 1680 Roxas Blvd. Xani!3 59-e-l 

A. S. (3ert' ralei ;, Asst. Dire::or - Food for Peace 

Bob Halligan, Ass:. Pr:gram Cfficer
 

Maurice J. Hyder
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1.1.7 Monsanto Company (MC) 6778,Ayala Ave., Makati 88-41-05 
88-91-12 

R. K. Louis, Regional Business Director 

1.1.8 Monsanto Research Corporation (MRC), 513-268-3411 
Dayton, Ohio, USA 

Ival 0. Salyer, Program Manager
George L. Ball III, Project Leader, USAID Roofing 

1.2 SOURCE OF MATERIALS
 

1.2.1 Natural Rubber
 
1.2.2 Sulfur
 

1.2.4 Stearic Acid
 
1.2.5 Zinc Oxide 
 Selected Rubber Processor
 

1.2.7 Pigment-Iron Oxide Red
 
1.2.8 Magnesium Oxide
 

1.2.6 Dry Whole Bagasse

1.2.6a Whole Bagasse (baled) from Jardine-Davies
 

N
1.2.12 Antimony Oxide 

1.2.13 Aluminum Paint
 

1.2.3 Chlorinated Paraffin
 
1.2.9 Flectol H
 
1.2.10 A100 1.2.10AID0Monsanto Research Corp.
 
1.2.11 Penta
 

Idenfification (preferred materials or eauivalents)
 

1.2.7 - Maoico #477 Iron Oxide red or equivalent

1.2.8 - Rubber grade magnesium oxide scavenger
1.2.6 - Baled clean dry (<O.l% moisture) sugar cane bagasse
1.2.12 - Grozund Antimony Oxide fire retardant 
1.2.13 - Acrylic or oil-based, aluminum flake ccmrercial paint
1.2.3 - Chlorowax 40, Diamond Shamrock Company, 405 Cl.

1.2.9 - Flectol H powder or flakes, Xonsanto antioxidant
 
1.2.10 - AlO0, Monsanto aldehyde amine accelerator
 
1.2.11 - Technical grade Pentachlorophenol, Monsanto Penta 

377
 

* MONSANTO RESEARCH CORPORATION 9 



-3

1.3 MATERIAL REQUIREMENTS
 

Wt Mid-Aug Mid-Sept

Parts (%) (lb (Ib) 

1.3.1 Natural Rubber 
 100 20.5 61.5 1642
1.3.2 Sulfur 
 46 9.4 28.2 752
 

1.3.3 Chlorinated Paraffin 
 42 8.6 25.8 688
1.3.4 Stearic Acid 
 1 0,20 0.60 
 16
 
1.3.5 Zinc Oxide 
 1 0.20 0.60 
 16
1.3.6 Dry Whole Bagasse 265 54.2 
 162.6 4343
 

1.3.7 Iron Oxide Pigment 15 3.0 
 9.0 240
1.3.8 Magnesium Oxide 
 15 3.0 9.0 
 240
 
1.3.9 
 Flectol H Stabilizer 
 .25 0.05 0.15 
 4
1.3.10 AlOO Accelerator 
 1.5 0.31 0.9 25
 
1.3.1l Pentachlorophenol 
 0.1 0.02 0.06

1.3.12 Antimony Oxide 	 0.51 1.53 

1.6
41
2.5 

Total 4ZT55 W
 
1.3.13 	Aluminun Paint 


*quantity to cover 10,000 sq ft of surface 
%250*
 

1.3.14 Antimony Oxide 
 5
 

1.4 PROCESS
 

1.4.1 
 Have all materials available. 
 Bagasse dryed to moisture content
of less than O.l%. Bagasse stored in plastic bags after drying
to prevent moisture pick up.
 

1.4.2 Compound ingredients in the following order using a 
water-cooled
 
banbury.
 

1.4.2.1 	 Turn on banbury.

1.4.2.2 
 Add 1/2 of the dry bagasse (1.3.6) to the banbury.
1.4.2.3 
 Add iron oxide and magnesium oxide pigments (1.3.7 and 1.3.8).
1.4.2.4 	 Mix penta (1.3.11) into chlorinated paraffin (1.3.3) in
 

separate container.
1.4.2.5 
 Add paraffin and penta mixture to banbury [CAUTION: Penta is highly toxic]
1.4.2.6 
 Mix in Danbury until volume reduced (-,3 minutes).
1.4.2.7 	 X7remainder of dry bagasse (1.3.6).

1.4.2.8 
 Mix in banbury additional 3-5 minutes.
1.4.2.9 ddrubber (1.3.1), 
stearic acid (1.3.4), zinc oxide (1.3.5),


Flectol H (1.3.9) and antimony oxide (1.3.12).
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1.4.2.10 Mix for 3-5 minutes untilowell compounded and fibers not 
visible. May heat to 100 C and expel steam. Best to let 
the steam boil out. 

1.4.2.11 Cool banbury to less than 125°C (preferably 1000C). 

1.4.2.12 Add sulfur (1.3.2) and AlO0 (1.3.10). 

1.4.2.13 Mix 2 ninutes (or optimum mixing time for banbury). 

1.4.2.14 Dump to holding mill and sheet off material to feed calender. 

1.4.3 	 Calender ccmpound into sheet of 
O.09 inches thickness (preferred

but may skip if residual strain minimized).
 

1.4.4 	 Mold panels of appropriate aize (Tinimum 30" x 40") in thickness
 
of 0.08 inches =O.Ol 
at 160 C ± 3 C for 30 minutes (-0, +5 minutes). 

1.4.5 	 Postcure panels at 90°C for 4 hours minimum (18 hour max.) 
on flat
 
shelves.
 

1.4.6 	 If desired paint top (one) surface and edges with acrylic based
 
flaking grade aluminum paint to which 2% by weight of solids of

Antimony Oxide has been added. Thin-sprayed coat only.
 

1.5 ROOF INSTALLATION
 

1.5.1 	 Panels are to be nailed as a.minumum to purlins with spiral aluminum

nails with rubber seals. Ifdesired, J bolts cao be uzed but drilling

of holes is then recommended.
 

1.5.2 
 Purlin spacing to be adjusted tc maximize use of the 30" x 40" panel.
 

1.5.3 	 Panels to be laid up as shingles with complete cverlap (double roof).

Half panels will need to be used at ends.
 

1.5.4 
 Other details shown in attached 3 pages (JPRF-a,b,c) and to be worked
 
out at time of installation.
 

1.6 METHODOLOGY
 

1.6.1 	 Victor Cedro of National Housing Corporation to coordinate entire

project, confirming all schedules and assuring all materials are

properly handled and get to appropriate places well on schedule.

All (see 1.1) concerned are to be notified of expected s,.hedule.
 

1.6.2 	 George Bal* 
and Ival Salyer of M.R.C. have gotten preliminary agree
ment from all par:icipants to cooperate in their various tasks.
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1.6.3 	 Cedro must arrange for availability of all bagasse by I June thru
 
Jardine-Davies and see that itis shipped to NHC, Caloocan City, in
 
time for drying.
 

1.6.4 	 Cedro is to arrange to have bagasse dryed and stored in appropriate

plastic bags. He is also to arrange for further shipment to the
 
selected rubber processor.
 

1.6.5 	 George Ball will see that Monsanto items are shipped to R. K. Louis
 
of Monsanto-Philippines, who will facilitate entry and notify NHC
 
or processor. E.C. Yu will assist when possible.
 

1.6.6 	 Cedro, with Ball or Salyer of MRC, is to select the best rubber pro
cessor and set up an appropriate schedule for (a)the experimental
 
run and (b)the pilot run.
 

1.6.7 	 Cedro is to go over the requirements for materials, processing, and
 
product quality with the selected processor to assure a complete

understanding of the intent and expected results inthe experimental

and pilot runs.
 

1.6.8 	 Cedro is to coordinate the anticipated panel design with the
 
appropriate individuals in NHC to assure that they are compatible

with existing roof substructures.
 

1.6.9 	 Cedro is to coordinate the panel manufacture with the availability

of at least 4 houses on which roofs are to be applied.
 

1.6.10 	 Cedro is to keep -.
200 pounds of calendered flexible sheet from the
 
pilot run for curing studiep at NHC ina 4 ft x 8 ft press.
 

1.6.11 	 Panels molded in the preliminary experimental and experimental runs
 
are to be placed outside on exposure fences at NHC and Jardine-Davies.
 

1.7 MATERIALS SHIPPED
 

Item From 
Quantity, lbs 

(sent) (needed) Date To 

1.7.1 A1D0 (1.2.10) Akron 50 26 30 May 1976 MC-Manila 

1.7.2 Flectol H (1.2.9) Akron 50 5 30 Mlay 1976 MC-Manila 

1.7.3 Sunolite 240 (-) Dayton 50 0* 13 June 1976 MC-Manila 

1.7.4 Penta (1.2.11) Dayton 25 3** 18 June 1976 MC-Manila 

1.7.5 Chlorowax 40 (1.2.3) S.Frar. 1000 715 3 Aug 1976 MC-Manila 

*discontinued from product 26 July 1;75
 
w"remainder to be used in oriented bagasse product.
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Material: 


Cross 
Section 
E/shingle 

Reference Chart:
 

______~ aE6r,,L2 4 C) 

'V.. L)c,- U. (n 

ScIon 
Cross Section 

I35cmnL2CA 
-

Detail 
A-Crenellated 

B. V-seamn 

1 
1 
1 

2 

2 

3 

3 

4 

4 

5 

5 

I.C n , Ciorfuqtcd 1 2 3 4 I 

L! ; " ' 1 D.Flat wilh 1 2 3 4 5 
shoed ecges .5 i 

Detail Flat:Longitudinal Section EFit ::::::.l 

1. 

DI:I;SIC;: Immediate program constraints, while not developed fully 
enough to give precise dimensional criteria, indicate that a 'shingle'
 
roof element may be appropriate. For purposes of initial field tests, 
a shingle measuring 10Ccm x 76cm (40" x 30") is chosen. 

Long term recommendations for roof element dimensions should be re
lated to advances in production processes and other criteria discusued
 
elsewhpre,
 

SURFACE ARM%. The surface area of one 100cm x 76cm shingle is 76OCcn 2 . 
Exnosed surface area as shown in the attached drawings

In 2
!s 35C0cm.,2

2 or 
.46,. The surface area of 'shingle' in a roof area of .7m 

2. 
SLOPE: In general, lower slopes are possible when there are fewer
 
joints in the roof plane; higher slopes are necessary as -ore joints
 
are introduced. One variable is the amount of overlao. Final recommen
dations should follow field tests of alternative application 4esi-.,s. 

3., 
JCIOTS: HI and RIDGZ: covered by one of two methods; a) f-lexile 

tape and mastici b) special cover piece of semi-r!gid or
 
rigid material.
 
VaRTICAL JOINTS 'x THE FCCF PLAN2I butt joints atI/3 points; 
see att-ched drawings.
 
H}CRIZONTAL JOINTS IN THE ROQF PLANE: 'shingles'are lapped as 
shost in attached drawi:,GL. 

4. 
FASTENING: direct nailing into substrate purlIns. Nails always pene
tratc two layers off shingles. Nailing pattern is shown on attached
 
drawings. 

5. 
SUBS-TZTZu strate consists of standard tn:sses or rafters, at 

1,3_-n on center, a:nd with 2" x 3" purl.ns saced a3 shown In the 
attached draw.nes. 2"x2' ntilffners are recuired at the ver".Ical joints 
of the shinGles to prevent deflection at tne joLits. See attached 
drawings. 
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DM:C::.RATION OF LO CCZ: ROFT::G FRC 
IaMiG1OUS MAZZA "LS -R0.: THE P:L1PPrZ5 

1•ITTODUZTT0:: 

In %:ay 1973 :onsanto Research Corporation be mn a progrm, 
sponsored by the U. 9. Agency for International Development, 

to produce low-cost zzofing nith a wide range of applicability 
in tho developing countries. This roofing was based on optimal
 

use of indigenouz filler3 and low-cost binders. Te research
 

results were to be directed toward meeting lon-cost housing
 

needs, improving the roreidn exchange position of the countries
 
involved, and developing products that could be the basis for 

a local industry. The ultimate goal i to develop and demons

trato an economically and technically acceptable alternative 

roofing 3ystcm requiring littl3 foreign exchanae in at least 

three couatries (one each in Asia, Africa and Latin America). 

Criteria for the roofing to be developed in the program were
 

established. Any systeM developed must
 

" 	be competitive in cost,
 

• require minimum foreign currency,
 

" be conpetitive in performance,
 

* 	be durable,
 

* 	be acceptable to user,
 

" 	bo co=cpeitive with respect to installation methods,
 

emphasize low-capital manufacturi=ng processes,
 

* 	 use renewable or under-utilized ingredients, and 

* 	ecphasize applicability in other developing countries.
 

The proSram will cultizate in (a) the construc:ion ::fat least four 

prototype roofs in each of the three-countries, and (b) transfer of 

the necessary tc,;inoloy to qualified orgamization. 

Four cnindate composite roofing panel zaterial sy3:em 'were defined
 

that utilize from 70 to 100 per cent indig=eous =aterial. The !oyes:
 

coat and moat u3eful, izdigenous filler is the sugar cane residue,
 

bagasse. 3awduat i5 th3 second (altarnativa) filler of choice.
 

T"he primary candidate binders include rubber, phenolic resins, and
 

certain ccmnercial :herzoplasti: resins. 

0f 	these fours.ysttns, the two :urrently showing the most proziae
 

for our r'ofing panel material are : (1) a neltco=pounded compo

3ite of whole bagasse plus fillers and vulganization agents (80e)
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,oanded with natural rubber (20%); ad (2) a depithed-fibrillated

oriented baCasse fiber coposite (95") boAded with phenolic resin 

(5;;). 

T-he roofing material from either procCss iz copreasion molded 

to form a corrugated or flat, 2 feet x 4 feet, ba;azze-fiber-fMed 

panel having an aluminized surface coating and raw material cost 

betwieen 7 and 15 1 (U.S.) per square foot. 

An additional product of promise as a buildinZ material for 

exterior walls is made from a dry blead of powdered bagase (60-70%) 

of wood chips*and 2henolic'resin powder (30-40%) diluted with 25-75 


2, 37ARY
 

During the tine period from Septomber 20 to October 30,1976, a 

damonztration of two processes for the zanufacture of low-cost
 

roofing and building matorials was carried out in the Philippines
 

by .1RC and URC personnel. Local facilities, ma=power and equipment
 

were utilized to compound a total of 15,000 pounds of natural
 

rubber bonded (22%) with bagasse and other fillers (78%) roofing.
 

Compounding was accomplished in Banbury Mixers, and tho material
 

calendared into 50 inch wide sheets, at Goodyear "ire and Rubber
 

Company. 

The calendared sheets were then press cured i-to lars2 1/3 inch
 

x 4 feet x 16 lcet sheets in the large Particle Board Pla=t press
 

at flEC. 

The cured rubber sheets are being installed on four (4) houses
 

located at 1HC, Tala, Caloocan.
 

Separetely there was donerstration of the preparation of.a n-.w
 

lcw-coat buildin=g material (for outside walls, interior panels et.) 

made from a dr?. blend of powdered bagasse (60-70%) and phenolic 

powder (40-300). This mixture is then further diluted with wood 

chips at concentrations of 25-75 percent .weight.7he producta 

appear to have excellent strength and water resistance, and can be
 

nade in prosent particla board plant process and equipment plus
 

the uze of a 3anbury.
 

During the demonstration sooe problems were defined which have
 

mainly to do with the limitations of the equipment available at
 

'IHC. (originally Ln3talled for part4icle board manufacture). Reco=

mandasions for equi~nent modifications and/or procuremeat were
 

made '.hich should ma.e econanic large acale production feasibla.
 

The roofing aad building material pro!ucts cade, appear to have 

thLt aould enablethe ihysical properties ani low raw material cost 
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them to 	conpete successfully in the market "-ihalternative = 

naterialo includinS CGZ sheets, Lawanit, and other hardboards.
 

The products alro meet the original AID Lision object4ives of
 

being loW-co~t, made from indigenous materials, low foreign
 

exchange components, durable, an atc.
 

&he Interim Demonstration Program -will be completed by "ov.6,1976,
 
with four (4) houses roofed with the rubber borded, " a-aa filled 

composite panels. Pl~a have been approved to construct at entire

ly new demonstration house, f:om the combiwation of the two 
materials dezonatrated, to be at the International Convention 

Center, 	 Roxas Blvd., Manila. 

A meeting between General Gaudencio V. Tobias, Gen. Nanager of the 

Nationsl HouaiZ; Authority and Executive Vice President of the 

National H:ousin Corporation, J. Victor S. Cedro (,;C), Col. A. 20 
Kabiling (N-C), Maurice hyder (USAID) and I. 0. Salyer (H{RC) 

was held on Friday, October 29, 1976. At thio meeting a decision. 

was reached to proceed With plans for scale up*and eventual com

mercial production. Mr. Hyder (USAID) will urge rapid consuMation 

of the follow-on AID 11ashington contract to provide limited funds 
for laboratory size equipment, technical assistarce over the next
 

two years,and the izzediata training o" two Philippine engineers
 

at "C Dayton Laboratory in the United States. 

A request is being made by the Phili4oine government for a quick 

return visit by ML!C personnel, to the Philippines, to assist in 
followin, up on the recomen!ations. 

3. CnR.-T STATUS OF Tt. P-CJECT 

3- 1 	 Comotnding ,nd Calendarinx Rt Goodyear if 2aC133e-Filled 

:;atural 2,ubber 3onded, Roofinz 'aterial 

Utilizing the anbury uixin; an" c€eandariag facilities of
 

:h3 oodyear Tire and lubber Co., a total of 15,033 pounds 

of baasse-filed natural rubber bonded cozpo:d was pre

pared. T= :oscund contained about 22 per :ant by weight 

and volune of natural rubber and 76 per cent of bagasse 
filler, 	vulcanizing aSent., proceasinC oil etc. The com
pound was dividid i.to the follodinj typs or cate3oriUsS 

1. Bagasse, no pith, fire retardant 7175 lbs
 

2. 2agsss, ;i:h ptth, fire retardant 2392 lbs 
3. Bagaase, .w::h ploh, lw cost, 50 4733 .bs 

4. 3&agase, W.t* pith,,low O cos, 48 683 lbs 
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in the Philippinme the added Fund :ight also come "roe 

the Gover~ent or from PL-430 fund3 (if approved 
by NEDA 	and USAID)
 

Unfortunately these utilization funas hav been delayed 
for a variety of reasono, including the difficulty of
 

negotiatiam a zutually acceptable aGreement. At the pre

sent time, we are past the pilot plant or laboraotry stage,
 
ani "real money" for production equipoent is needed. 

However, the tilization Funds do provide :or continuing
 

technical support by IMC. personnel over the 18 moath to 
2 years. This latter could be more important than the
 

55,0C0.10 since it -ould a e IC to assist i- Solvizg 

any problems that develop durin3 the scale-up to plant 

productico. it also provides for experience traiziz; of
 
tha Philippine personnel at :GC Dayton Laboratory; one 

each from NiC and NZD3. 

4. 	 CONCLUSIC!!S A:;:)ECX ATC; 

Tae atioaal '-ousing Corporation already has intalloc at 
-the plant in Tala, Calooc_ , several items of major capital 

equi;a=: wh-ch with cone modifications and additio=a can 

be used to economically =anufacture both thc rubber bonied, 
and the ptonol/for=alenyde bonded products. NEC also =akea 

and 3ar.ets other building materials including particle 
board, light wei~ht concrete, PVZ products, trusses and 
wooden housing cocpo=ents. Thia nakes NC a lazical place 

:or the 	continuing process optiniza:ioz, scale up and co=

mercial 	nanufac:zre. 

Secific reconcendations for equi ment =odf-ic4cticnj or
 
addtizns in order to =anufacture the buildinz material
 

or. a lar~e scale are as follows: 

4. 1 	 2he developte.- o: the Rubber and Phenol:c conued produc-ts 

should continue vigorously durin' the in:erim period, to 
maiatain nomentum and iatereit, and to produce naterial 

for roofin$ additional houses, ma ::ng iode. houses; 

bulldln; zateriala for walls, partitions, ceiling, etc. 
The coavero:on of the five da'li;t rarticle board press
 

to stema hesing and cooling zould he evaluated imediate

ly.
 

4. 1 ::*C to proceed to procure a c3aple:e new plan: to =anu
facture ruc-er-bonadd naterials both for roof/ng and out
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door panoling.
 

E cn
4. 3 ixj Alternatives Thelude; 

" ConvOrzien of the ;rcsent ':HC plant to manuficture theze 
cateria1z. :-iz -.ould necessarily still inclde procure
cent of the Banbu:y, ill roll and Calendar. 

" This conversion would also require modifications to the 

prosent MC compression zoldizg press (for s:eam heatixg 
and wator cooli=6) and smoothinz and polishing (or plating)
 

of the caul plates.
 

4. 4 Immnedj :le...atio of the Ol ashinton olbow-on
 
tilia:ic Prozram. These 
-unds to be Au--ented by local 

coney to Zrovide: 

* 
Cotinuin; technical assistance by NRC duri= 
the two
 
years scale up and consercialization phaze.
 

TTraining of NHC personnel at 
",RC Dayton, Ohio Labora:ories. 

Acquisition of small scale laboratory size ?rrocess 
equi;zent (Sabury, ".Il roll, 
Calend-r,) heated and 
cooled conprasaion aolliz; pross. T'his e;,ui:ent "ll
 
be uzed to pilot process changes, trouble 3hooting, etc. 

4. 5 Funding for any part or all of the above from any available 
US=Az.D-:;z- PL-48 funds be considered anl pleen:e± if
 
possible.
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LOW COST BUILDING PANELS
 

at 

NATIONAL HOUSING CORPORATION 

During Time Period 

June 20 - July 9, 1977
 

IVAL 0. SALYER 
Program Manager AID 

JOSE V. CEDRO 
Coordinator NHC-PVC 

JOSE 1. ILIO 
PBP Superintendent NHC-PBP 

JULIAN P. CAUSING 
PBP Supervisor NHC-PBP 

CLARITA DE GUZMAN 
PBP Quality Control Supervisor NHC-PBP 

MARCELO P. AYAG 
PBP Production Foreman NHC-PBP 

SALVADOR SENADOR 
PBP Production Foreman NHC-PBP 

SANTIAGO PAJARILLO 
PBP Production Foreman NBC-PBP 

394
 

e MONSANTO RESEARCH CORPORATION * 



1. INTRODUCTION 

In May 1973, Monsanto Research Corporation (MRC) began 

a research program for the United States Department of State, 

Agency for International Development, to develop a low cost 

roofing in three tropical developing nations (Philippines, Ghana 

and Jamaica). The New Roofing Material was to make optimal use 

of local labor and resources, along with high percentages of in

digeneous fillers and minimum quantities of resin binders. The 

goal was to demonstrate an economically, technically and e-n

vironmentally acceptable roofing material requiring little 

foreign exchange and which could be used for other portions of 

the house as well. The research results were to hit dir -t€ed 

toward meeting needs for lo, cost housing, ixProv-i4.,-" t!!. rrtign 

exchange position of the countries involved, and ievel.ig 

products that could be the basis for a local induinz-. 

In fulfillment of these objectives, four ca-.e, roofing 

panel composites were defined that utilize 70-95% o: a preferzed 

indigeneous filler (bagasse), along with 30-5% of binder resin 

(natural rubber, phenolics, and ABS the-mcplastic). Sawdust or 

"wood chips" is the second, alternative, filler of choice. 

Several visits have been made to the Philippines during the 

4-year time period of the contract. During the last two years, 
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three of the four roofing systems developed have been investigated, 

to varying degrees, in collaboration with the National Housing 

Corporation (NEC), at Tala, Caloocan City. In work completed in 

Sept.-Oct. 1976 a sufficient quantity of the rubber bonded roofing 

panel were fabricated using a ccmbination of Goodyear/NEC equip

met, to roof four (4) employee houses located at the NEC site. 

Although attractive from the standpoint of utilizing a 100% in

digeneous binder resin (natural rubber) this product requixed high 

temperature steam heating and water cooling for consistent curing 

on a practical molding cycle. The chipboard hydraulic pressing 

equipment at NEC is not, at present suitable for this process 

(pressurized hot water heating, no cooling). 

Accordingly, at the request of NEC, and US-AID, another 

visit by MRC personnel to the Philippines was scheduled to 

demonstrate one of the alternate systems based on "dry blends" of 

bagasse filler and phenol/formaldehyde resin binder. it was 

expected that this process 'could more readily be adapted to 

existing NEC particle board plant manufacturing equipment and 

that the product could probably be used for all portions of the 

house, including roofs, exterior walls, ceilings etc: The 

materials and process developed during the demonstration are to 

be used in the manufacture of one or more complete model hou..es, 

at some to-be-selected si.te. 
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This report su=un:rizes the results botained in collabora

tive work between NBC and MRC contract personnel, during the 

time period June 20 to July 9, in developing the bagasse filled 

(70-95%), phenolic resin bonded (30-5%) process in fabrication 

of 4 ft x 16 ft composite panels, of the general types required 

for house construction.
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2. SUMARY 

During the relatively short time period of the current 

visit (June 20-July 12) the bagasse filled (70-95%), phenolic 

bonded (30-5%) dry blend process for fabricating 4 ft x IE ft 

panels was intensively studied by NHC personnel. Five tons of 

bagasse in various forms (whole, cut, wet depithed, coarse, fine) 

were processed ("powdered") in the large Banbury mixer at Goodyear 

Rubber Co. These materials (5 types) were transported to NEC, 

and dry blended with powdered and liquid phenolic resins (30-5%)
 

and molded on the large particle board pre s to form composite
 

panels (4 ft x 16 ft).
 

Simultaneously, a comparable quantity of,whole bagasse was
 

cut and screened in standard NHC particle board plant processing
 

equipment to determize whetherthis material could be used as
 

well, thereby eliminating the need for any equipment not available
 

at N1C. 

Although most of the work was done with L'ported Monsanto
 

resin (Resinox 736) locally manufactured (Borden MC 282) phenolic
 

powder was also evaluated. Some work was completed to determine
 

whether a plywood liquid glue (Borden HL-4645) could be used as
 

a binder resin for the bagasse filled composite. This liquid
 

phenolic resin investigation was especially i..ortant since this
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would permit existing chipboard plant equipment to be used with 

minimum modification.
 

The practical and economically feasible range of powdered 

phenolic resin binder was established to be 5-30%wet, with 

higher resin levels required for the most demanding applications 

(eg. roofing) and progressively less for exterior wall panels,
 

interior ceiling and etc. The possibility exists to develop 

still lower density materials, with very low resin content, which 

could be used for acoustical and thermal insulation. The in

herently good fire retardance qualities of the phenolic bonded
 

bagasse makes it attractive for these insulation applications. 

The optimum ratio of bagasse to wood chips in the composite 

panel has been investigated and a level of 50% fine wood chips/ 

50% bagasse tentatively established - although this point is 

still being investigated. 

Pressing time and temperature cycles were also investigated.
 
Good cures were obtained in cycles of 6-10 minutes at 1350C, 

and 3 minutes at 150 0 C (in small scale tests). 

The physical properties of the products, including density, 

modulus of rupture, water absorption and swelling of -theproducts 

were determined on all products, and found to be excellent for 

the intended applications. Density is greater than 1.0 Sin/cc 

over the entire range of resin concentrations from 7.5%"to 30%.
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Modulus of rupture (MOR) values are also high ar all resin 

levels. For exaple, at 10% resin concentration MOR values of 

up to 460 kg/cm2 (6,545 psi) were obtained. Moisture content 

and % swell values were also low for all sanrles averaging about 

5% in each case. 

One problem which requires some further effort is the 

difficult release of the molded boards from the aluminum caul 

p1ates. In a few instances sticking was severe. While this 

problem can be minimized by generous application of mold release 

lubricant, a better solution would be to refinish (smooth and 

polish) the aluminum caul plates to reduce or eliminate the 

problem entirely. That this solution is possible has already
 

been 	demonstrated in molding of similar panels in Jamaica. 

From the physical properties, and the anticipated material 

and manufacturi-g cost, it appears that an economically viable
 

plant process for manufacturing building panels, based on bagasse 

filled/phenolic bonded composites has been demcnstrated. With 

further work, and only minor revisions in I-HC-Particle Board 

Plant 	equipment, these materials can be manufactured on a con

tinuous production basis If successfully followed up, the
 

products developed can create new large markets for NHC products
 

and make efficient use of this large PBP plant again possible. 
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It also seems likely that materials for an entire house, 

not just roofs, can be developed aa'ound the bagasse filled/phe

nolic resin bonded systems demonstrated in this program. 

Fabrication of one or more model houses from these materials 

is planned. 
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3. CONCLUSIONS
 

1. The most useful form or type of bagasse appears to be whola 

bagasse which is dried and cut (without separating fines
 

and coarse) in the NHC particle board plant. With this 

type of bagasse it does not appear that it will be ne

cessary to powder the material in a banbury at Goodyear 

(as heretofore). 

2. Mixtures of bagasse and wood chip fillers have been in

vestigated and optimum ranges of composition axe being 

established. 

of resin binder content 	has been3. Minimum and useful 	 range 

established for several 	anticipated applications.
 

4. 	 Production of the bagasse filled/phenolic resin bonded 

(building) material has been successfullycomposite roofing 


demonstrated on a plant scale at NRC.
 

5. Physical properties of the products including density, mo

dulus of rupture, moisture uptake, and swelling in water 

have been shown to be very good (compared to urea/formalde

hyde bonded wood chips). 
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6. 	 The anticipated raw material and manufacturing costs,
 

and product properties makes the bagasse filled phenol/
 

formaldehyde bonded composite material suitable for a wide
 

range 	of applications. 

7. 	 The use of phenol/formaldehyde resins has been successfully 

introduced to "IlC personnel, and technology transfer in 

the processing and curing of these resins effected. 

8. 	 The operating base provided by the bagasse filled/phenolic 

dry blend process can be expanded in the future via purchase 

of new plant equipment to enable additional types of low 

cost building materials (developed in the AID sponsored 

research) to be manufactured.
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4. RECOGNITION 

The NHC-PBP personnel listed on the cover page have ex

tended themselves "beyond the call of duty" to acconqlish a 

great deal over a vet-' short time period. This included worki.ng 

oveX the entire weekend of July 2, 3, 4 as well extra hours on 

many other days. As General Tobias expressed it, "How better 

could we express the true meaning of Philippine-American friend

ship day, (July 4) than by working together to develop low cost 

building materials which can be used to mitigate the acute 

housing shortage." 
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APPENDIX J
 

SELECTION, FABRICATION, AND USE OF TEMPORARY
 
MOLDS FOR PROTOTYPING
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APPENDIX J
 

SELECTION, FABRICATION, AND USE OF TEMPORARY
 

MOLDS FOR PROTOTYPING
 

An important aspect of any plastic or 
rubber process is the
 
availability of appropriate molds which are compatible with the
 
materials being molded, will provide the desired surface 
finish,
 
and from which the rubber or plastic can be separated. This
 
last factor is highly critical, since most plastics and rubbers
 
are excellent adhesives. Lessening of mold problems can 
be
 
achieved both through tailoring of the formulations, and modi
fications to the mold.
 

Various minor additives contained in the developed formulations
 
all assisted in providing release at mold surfaces. In the case
 
of the phenolic, however, internal release could not be provided
 
and thus had to be introduced at the mold surface. 
 Two techniquesi
 
are available for enhancing release at a mold surface, first
 
providing a very high polish so 
that mechanical adhesion is
 
minimized and/or secondly, covering with a release agent which
 
provides an interface between the material and the mold prevent

ing any chemical bonding.
 

In the experimental work it was shown that moibs consisting of 
al-m inum caul plates were preferred for the BRA, BRR, and BOB 
materials with standard silicone or 
stearate release agents
 
be.ng used with the BRR and BOB materials. The BRP material was
 
a real problem. One, and only one, release agent was 
shown to
 
resolve a tough mold release problem inherent in the excellent
 
adhesion of the phenolic resin. The 3R 
 material could 1e
 
molded cn aluminum surfaces, but steel surfaces were just 
as
 

adequate.
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Throughout the prcgram, in the laboratory and in pilot runs 
in
 
various plants, molds in the form of aluminum caul plates were
 
used almost exclusively (In Ghana, steel plates were used in the
 
BRR process). Implied in the 
use of the caul plates is that con
finement around the periphery of a mold is not required. 
 This
 
was true and was due to 
the very poor flow of the unmolded roof
ing materials even when heated. 
The very high filler loading of
 
a fibrous nature caused this poor flow which was very advantageous
 
from the standpoint of simplicity c. molds. Typically, however,
 
a molder would prefer to have 
a little more flow available to
 
provide a greater versatility in making various sizes and shapes
 
of parts.
 

In the program there was 
a need for corrugated molds to (a) make
 
available corrugated lab samples for structural analysis, (b)
 
make available small samples to illustrate and sell the various
 
materials in the participating countries, 
(c) work out process
 
steps for practical roof size corrugated panels, and (d) make
 
available reasonable sized corrugated panels for roofing demon
strations in the participating countries. Production type
 
corrugated molds range in cost from $5000 
for a sq ft lab mold,
 
up to $30,000 for one to make a part 2 1/2 ft 
x 7 ft in size
 
and require long delivery times. 
 Once made, also change in the
 
size cr shape of the corrugation could be achieved only by
 
making another mold at an equal cost.
 

Since actual corrugation and panel sizes and shapes could not
 
be determined until the materials were 
fully developed, corrugated
 
panels were needed as early as 
the second year of the program,
 
and budgeted funds and times 
(spread over three participating
 
countries) were strained, 
a process for making temporary molds
 
that resulted in costs one tenth of 
that for permanent molds was
 
considered. 
 The process incorporated casting with a low melting
 
alloy, Kirksite, where casting provided the econcmic benefit.
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Kirksite metal molds are cast molds designed for limited or
 

pilot production. Casting minimizes costs for two major
 
reasons. First, shapes of various types which require extensive
 
metal machining in a permanent type steel mold can be repli
cated through a much lower cost wood pattern-making technique.
 

Secondly, copper heating and cooling lines and/or electric
 
heaters can be incorporated during casting of a mold which
 
otherwise requires a multitude of machine operations.
 

The disadvantages of the cast type molds are their higher
 
weight, non-uniform shrinkage on casting causing distortion
 

of the desired shape, melting at 6500 -F,and the lack of highly
 

polished mold surfaces which determine the appearance of the
 
molded part. These disadvantages, for the most part, compromise
 

little compared to the cost and time savings inherent in the
 
cast molds. Unfortunately, as will be discussed, the problem
 
of non-uniform shrinkage, especially of a larger mold, was more
 

severe than anticipated.
 

The procedure for making a cast Kirksite mold is essentially
 

that of making cast iron parts. First patterns are made from
 
wood, plaster negatives are cast around these patterns, a
 

negative of the plaster casting is made in wet sand, and finally
 
hot metal is cast into the sand impression. The mold making as
 
acccmplished first included making a bottom wood patte-., of the
 
size and shape of the bottom of the intended part, as illustrated
 
in Figure J2l for th2 2.5 ft x 7 ft corrugated mold that was
 
made. Woodworking techniques were used which are state of the
 
art to the pattern making industry. After initial sculpturing,
 

the pattern was adjusted with plaster to achieve effects such
 

as rounded corners, etc.
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(a) A wood pattern was first (b) The wood pattern had cor- ;,Q
made that would determine rugations with amplitudes
 
the profile for the bot- of one inch and periods o
torn of the part eventually three inches.
 
to be made.
 

A: t a Y. 1.r.. 

(C) the of ie forrtha:ed (d) The other mold was 

molds was shipped to installed ternpcrarily
 
Standard 3u~.id,2g Pro- at the Amer'.ca Ply_ _TS_ eI7 !SAC P~Cducts '-n Jama',a and wood Assccia:ion where
remains there, process develo ent 

was conducted. 

7iure J-l. T o tempcrarv molds for preparing 2.5 ft x 7 ft.
 

corr--gatei panels were fabricated using a casting 
process '..n conju.nction with a wood pattern. 
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The pattern size and contours must be adjusted (enlarged) to
 
account for both expected and non-uniform shrinkage of the
 
Kirksite during the cooling stage of the casting process, and
 
to account for the shrinkage of plastics inherent in their
 
being molded hot and then cooled. This is probably the toughest
 
part of the mold making, especially when trying to match some
 
other given shape, requiring skill, engineering capability and,
 
most of all, experience.
 

After the bottom pattern was made, wax sheets the thickness of
 
he part eventually to be molded were laid 
on the pattern. This
 

wax surface developed the contour 
for the bottom surface of
 
the top part of the mold. Plaster impressions of both this
 
top wood/wax pattern and the bottom wood pattern were then made
 
by casting. 
During this casting, the outside contours of the
 
mold were incorporated to provide the overall dimensions,
 
attachment points, etc. 
 In this way, a plaster replica of the
 
final mold was made as shown in Figure J2.
 

The plaster replica of the mold was 
first used to evaluate the
 
mold design with respect to 
size, shape, ability to be filled,
 
ability to get a par- out, ability to fit into a press, etc.
 
At this stage, the plaster mold could have been scrapped at
 
little cost, if 
some problem was observed. Modifications could
 
then be made to 
the original patterns 
to remedy any shortcomings.
 
As the plaster replica checked out, 
it was used as a form around
 
which wet sand was 
packed tc form negatives of the top and
 
bottom halves of the mold. 
 The plaster models 
were then removed
 
from the sand and Kirksite cast into the cavity, left to cool,
 
and removed. Only minor polishing, alignment and finishing
 

were then required.
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e (a) Plaster replica of mold 
used as a form to make 
a sand impression for 

-. casting into with Kirk
site metal. 

Ek
(b) View showing top insert
 

and bottom of mold sep
arated.
 

....
 

Z&
 

S-


S .. (c) Side view showing BRR
 
rubber sheet in place
 
for molding. Electric
 ~ .~ .,.heaters inserted per
,anentl 7 on rear side.
 

Fibure J-2. A fot by cne foot tnetemrorarv corrugated molA
 
was cas: 
fCr laboratory preparation of specimens
using a rela.ively ,Ow cost process. 
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In the program, an approximately one square foot laboratory
 

mold, shown in Figure J2, was made. This mold was used both to
 

make samples and to evaluate the Kirksite technique, since expei
 

ence with such type molds was limited at MRC. The results were
 

excellent, providing the mold from which a number of small
 

corrugated parts were made of the BRR material. Such molded
 

corrugated samples were highly beneficial to the technology
 

transfer aspects of the program, in getting across the point
 

that the materials being made were for roofing. Even the small
 

corrugated panels had a satisfactory "feel" when handled by
 

interested individuals. The corrugation turned materials with an
 

unobvious application into what appeared to everyone as roofing.
 

It was also found from this experimental mold that the non-polish

ed mold surfaces introduced no problems in molding or any
 

undesirable appearance, that the BRR material did not need to
 

be confined by the mold at the sides and that cast in electric
 

heaters was practical.
 

Based on the good experience with the one sq ft Kirksite mold,
 

and after a corrugation profile of interest was determined, a
 

large mold for making 2.5 x 7 ft corrugated parts was made.
 

The shape selected came from that of a corrugated aluminum
 

panel used extensively in low cost housing in Jamaica. This
 

shape was different from that of any corrugated iron or aluminum
 

in the United States, having a depth of about 1 inch and a
 

period of about 3 i:nches. The corrugation pattern was accepted
 

because it was satisfactorv structurally for all the alternative
 

materials bein, considered, was optimum with respect to economics
 

dictated by the amount of material required (which increases as
 

the amplitude of the corrugation increases), and because any
 

panels would be compatible with existing corrugated aluminum and
 

its various accessory pieces, such as ridge caps, flashing,
 

ridge cap seals, etc. Thus, nanels made from any of the alternative
 
roofing materials could be installed without the necessity for
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making accessory pieces, which was out of the question with the
 
budget constraints of the program. Compatibility with other
 
roofing was also of interest and would thus be demonstrated.
 
The width and length of the panels were selected based on
 
compatibility with usual purlin spacing and the practical
 
aspect that the mold had to fit into an available press.
 
Presses with dimensions greater than 4 ft x 8 were not readily
 
available in the U.S. or any of the participating countries.
 

The mold was designed having in mind that it would be used in
 
conjunction with the BOB material and be used first for process
 
deveiopment at the University of Washington pilot plant. 
It
 
was hoped that the mold could then be shipped to one of the
 
participating organizations, along with the developed process
 

details and parts made therefrom.
 

One mold was made at Alger Pattern and Tool, Indianapolis,
 
Indiana, and shipped to the University of Washington for process
 
development. Included in the mold was copper tubing for heating
 
and cooling. No electric heaters were included because of the
 
significant additional cost, and lack of their necessity in
 
this particular mold. The mold was installed in a single
 
daylight, side loading press at the American Plywood Associ
ation, Tacoma, Washington (at no cost to the program). It was
 
heated by contact with the steam-heated platers of the press
 
(The internal piping was not used). The bottom of the mold
 
was 
:ust laid into place in the press and the top chained up in
 
a temporarv fashion after bolting on 
angle irons to the ends of
 
the mold to extend outside of the press, as shown in Figure Jl.
 

A BOB oanel was molded with the !irksite mold. It performed
 
very well with respect to overall function, and the various
 
process details for the BOB material system were worked out.
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However, a lack of uniformity of thickness throughout the
 
molded panels was a major problem caused by the particular
 
moid. The molded parts were to have a thickness of 0.125
 
inches, but in fact had an average thickness of 0.173 inches.
 
This was 
not good but could have been remedied somehow. The
 
real problem was a variation in thickness 
over the panals from
 
as low as 0.065 up to 0.265 in. Because preweighed mats are
 
used in the manufacture of the BOB, this variation in 
thickness
 
manifested itself in an acceptable density variation over the
 
panels anywhere from double to half that desired. A profile of
 

the part thickness was established from a few molded panels.
 
A pattern to this non-uniformity and thickness could not be
 
found such as all being on one 
side, or one end, edges being
 
different from the middle, etc. which complicated the situation
 
and any immediate ultimate solution.
 

However, having in hand this profile, attempts were made to
 
reduce the thickness variation in parts by laying thin lead
 
sheets onto the surfaces of the mold where the greatest thick
nesses existed. In this way, better parts could be made.
 
Considerable time and skill was required to keep the lead
 
sheets in their proper place and much material was sacrified in
 
cutting up of parts to determine original and modified thickness
 
profiles. At least 30 
usable panels were manufactured at the
 
University of Washington/ American Plywood Association nilot
 
plant facilities using the lead modified mold.
 

Knowing the non-uniformity and thickness problem, and having
 
quantified it with the existing mold, the mold maker 
(Alger
 
Tool) was instructed to fabricate a second mold 
(intended to be
 
used at Standard Building Products, Jamaica) taking into account
 
the shcrtcomincs of the first mold. 
 The mold maker acceoted 
this, and after numerous trials at making a better mold, delivered 
one that '.ad improved, but st 1i a marginal thickness variaticn 
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This mold, shown in Figure J1,
for the BOB material system. 


was shipped to, and remains at, Standard 
Building Products,
 

Spanish Town, Jamaica. (Photos taken of the inside of the mold
 

when at Alger Tool, where it could be opened, 
were severely
 

underexposed and thus the mold cannot be shown).
 

The corrugated mold sent to Standard Building 
Products was
 

The BOB process waz,
use with the BOB process.
intended for 


at that time, under prime consideration for the demonstration
 

The mold was not used, however, because the BOB
in Jamaica. 


dropped from consideration in the demonstration,
process was 


and getting the mold into the press at Standard Building 
Pro

ducts would have severely hampered their routine manufacturing
 

schedule into which the demonstration manufacturing 
had to be
 

fitted.
 

lab size temporary molds exist
In conclusion, two large and one 


for making corrugated parts that can be used for further pro

cess development. However, they are not adequate for any pilot
 

They could be melted down to recover the Kirksite
production. 

not a cast mold would be
and make a new mold, but whether or 


is yet to be determined. At this
 
suitable for large parts 


use of
 
point, any planning would require anticipating 

the 


smaller cast molds for some development stages, and to get
 

practice at making parts in the participating countries, but
 

of machined molds
 any production would have to include zhe use 


at their known high costs.
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