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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, resvurces 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. ThIce of 
the four processes use an intensive (Banbury) mixer. All four 
have compression molding asa final process step in panel fabri
cation. The products range in raw material cost from 6-l4¢ per 
square foot of roofing panel, depending on composition, resin 
content, etc. 

The program was implemented in the ~hree participating countries 
through advisory committees and technical working groups. In
cour.try, 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 thr~e developing nations (Philippines, 
Jamaica, and Ghana). In Phase I, resources wer~ 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 ad~quat.e 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 polyme=ic 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 marlpower, and 

limited manufacturing capabilities in producing a better and 

1 
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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, 

an~ developing products that might be the basis for a local 

industry. 

In the roofing material, foreign currency requirements were to 

be minimized through t~e development of a composite material 

that required only a minor amount of imported binder and/or 

additives. The roofing was to be fa~icated 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 (r~ral 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 DefinitioQ,·Country 
Survey and Country Selection. 
Phase II (May 1974-May 1975) - Roof Definition, Ingredient 
Selection, Lab~ratory Composite ~aterial and Process Development, 
and CollaboracivetInstjtution Definition. 

Phase III (~dY 1975-Decernber 1977) Material Optimization, Desiqn, 
Fabrication, Testing and Evaluation of Prototype Roofing, Field 
Manufacture, Installation and Evaluation of Full-Scale Poofing 

2 
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During Phase III, most of the work was carried out in the three 

parti~ipating countries, working through advisory committees 

and technical working groups of experts in each sp.1ected 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 meeting~ 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 ma~eria1 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 
followe~ 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 Environmental 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 fu~D PROCESS DEVELOP~NT 

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 com
pression molding as the final process step in panel fabrication. 
The products range in raw material cost from 6-l4c per sauare 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 h~ve 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 ~omposite materiais can be produced as flat or cor

rugated panels usef~l :or roofing and other structural and non

structural applications. 
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(bl The roofing composltlons are 
compounded in a aanbury type 
intensive mixer that is 
unique in its ability to 
process the various ingredi
ents together . 

. -..0.-- .. 

.. :.\~.~"\ . .'.--

, 

(al Sugar cane bagasse, indigenous 
to Jamaica, Ghana, and the 
Philippines is a key low cost 
fill~r used in high volume. 

(cl Pressure and temperature, 
provided by common hydraulic 
~olding presses, are required 
to form and rigidize the com
pounded ~aterial into roofing 
panels. 

:igure 1. Common to the four developed alternative roofin9 materials 
are bagasse f~ller, an intensive mixing machine, and a 
hydraulic molding press. 
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Product and orocess development was carried out initially in 

the United States. The materials and orocess ctevelooment 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 sk~lls. The four composite materi~i 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) Comoosite Roofing 

The baqasse-reinforced phenolic composite is a rigid, stronq, 
durable, red pi9mented panel product. The nrocess involves 
only "fibrillatingll of the bagasse, dry blendinq with resin 
binder, and molding-cure in 3-7 minutes at 275°F. The raw 
material cost is projected to be ~12(/ft2 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 

nniled for easy installation. It is by far the simplest roof

ing material of ttose developed to process and requires only a 

few readily available ingredients. The composite formulation 

has been optimized to perfor~ primarily in a roofing application. 

The process for producing the bagasse-reinforced phenolic roofing 

comoosite is simple, requiri~g essentially only three steps. 

First, the bagasse is fibrillated a~d pigmented using available 

Banbury rubber compounding mixers. Second, this powder is dry 
o 

blended with phenolic resin power in an end-over-end tumble 

blender such as a co~=rete ~ixe~. Third, the blended powder is 
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(bl Earliest panel exposure was 
at Berger Paints in Jamaica, 
6 to 12 months before the 
other countries. Shown are 
flat and corrugated 908 and 
flat BRP panels. 

(al Test panels were installed at 
a 10° slope at DRRI in Ghana 
providing a severe water ex
posure for two years. Badly 
~egraded control is at right 
and BRP and BRR panels are 
third and fifth from the 
right. 

(C) Data accumulated at Sherwin
Williams Paints in the 
Philippines over two years 
corresponded to other out
door and accelerated weather
ing. 

Figure 2. The four alternative roofing material systems were proven 
through outdoor exposure studies in Ghana, Jamaica, and 
the Philippines. 
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c()mrr(~SSlnn mold(~d C1n " l"hort: cycle (1-7 millutC's) cit iI rC'l.1t.ivcly 

low temperature (275 C F). Panel thickness is controlled at ~O.l 

inch by the amount of powder blend charged to the compression 

molding area. 

The raw mater'al cost for the bagasse-reinforced phenolic com-
• posite roofing material is projected to be l2¢/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 ~henolic resins, substantial raw material cost 

reductions can be realized since the liquid resins sell for 

approximately 50% less on a so~ids basis than the powdered 

resir. 

The selling prices for roofing shingles or pa~els 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 baqasse-reinforced, natural-rubber-bonded composite is a 
medium modulus, strong, durable, red piQmented, 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 325°F to a riqid state. 
Raw material cost is 7-9¢ per square foot usinq the lowest 
cost qrades of natural rubber. 

The bagasse-reinforced hard rubber comoosite roofing has many 

of the desirable features of the bagasse-reinforced ?henolic. 

The product is a durable, water resistant, tough, comoliant, 

lightweight, low thermal capacity (specific heat x weight) panel 

that can qe formed into a variety of shapes. It is amenable to 

normal carpentry techniques, and can ~e 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 containinn an unusually high 

level of low-cost whole bagasse. The com?osition 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 oarticioatlng countries. 

The orocess relies heavily on well-established technology and 

equipment used routinely in rubber manufacturing industries 

throughout the world. First, the bagasse is "fibrillated" and 

the rubber comoounded into it in a Banbury intensive mixer. 

Second, the Banbury compound is sheeted on a mill roll, then 

11 

• MONSANTO RESEARCH CORPORA~ION • 



calende~ed 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 

325°F. This molding temperature is about 35°p higher than is 

usual in commercial n~!Jber processing and l?resents some diffi

culties, due to equipment limitations, in the particil?atinq 

countries. The higher molding temoerature 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 :t 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 Baaasse-Reinforced Thermoelastic (BRT) 
c 

Comoosite Ro~fing 

The baqasse-re;nforced ther:iloplast;c-res;n-bonded composite 
is a rigid, strong, durable, red piqmented, flat or corru
gated panei product. In the process the baaasse filler, 
pigments, etc. are compounded toqether ;r. a-Banbury mixer. 
The compound is formec 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 l4¢ 
per square foot. 

The bagasse-rei~forced thermoplastic composite roofing ma~e

rial is also re la t i ve 1::, simple 'tJi t!1 re spect to the number .and 

nature of the components, and it also uses estahlishe~ rubber 

compounding and ~olding processes. T~e panels have a~ig

mented red appeara~ce, a~d ~oth ~ater reSiSt2nCe and o~tdoor 
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durability are good. The product is a lightweight, low thermal 

ca~acity panel system that can be formed into a variety of shapes. 

The bagasse-reinforced thermo9lastic 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 roofina application. Less 

work has been devoted to this particular system, since the 

9resent 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 ?reparing 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 thickr.ess. 

Third, the calendered sheets are com9ression molded and "set" 

by cooling. The melt flow characteristics of the system are 

poor, due to the high filler loadinq. Therefore, thermoolastic 

molding techniques are limited to calendering and compression 

molding. 

The raw materials costs for the bagasse-reinforced thermo?lastic, 

including no processing, are projected to be about l4¢/sa ft. 

The price for roofing shingles or panels are ?roiected 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 re~in 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-ll¢ per square foot for 0.1 in. thick corru
gated panels. 

~ 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 develooed roofing systems. In the process, a very low 

cost structural mate~ial 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 long 

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 phenol~c powders used 

with t~e whole bagasse rein:orced ~henolic. These liquid resins 

are identical to those used in the particle board and ?lywood 

industries. 

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

strength), a ~inimal level of fire resistance, and lowest cost 

(minimum resin concentration). T~e composi~ion can be modified, 

howe~er, to ach~e\'e ~urther 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 ?roducts. It 1S a wet 

orocess, which uses relatively large quantities of water during 

removal of ?lth and separation of the baqasse fiber bundles into 

individual fibers (finrillation). pith and acid residues are 
produced that must be disposed of using aporo9riate, established 

methods. A high degree of orientation of the fibers in one 

direction is obtained during a centrifugation and w.ater ex

traction step. The final step in the formation of the oanel 
is com9ression 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¢/sq 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 l~ and 15% 

of the selling 9rice of the fire retarded, and lowest cost 

formulation, r~spectively. 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, 
exteriDr and interior walls, ceilings and building blocks. 

Roofing applications require higher strength and ~utdoor 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 

formulateo to obtain a flexible oroduct that should be suitable 

for floor tiles, counter toos, etc. 

The bagasse-reinforced phenolic CBRP) can be diluted with wood 

chips to form thicker structural panels having a ve~y low (e.g., 

5%) resin content and c.dequate strength and water resistance for 
interior ap91ications. 

The bonded oriented baqasse fiber composite (BOB) com?osition 

can also be used as is for exterior walls. The CO~90sition can 

be reduced in cost and resin content and still have adeauate 

strength and water resistance for interior aoplications. 

It is also possible that one system inv~stigated and rejected in 

the earlier work for =oofi~g (3 clay-rein~orced nhenolicl may, 

'...,i th further deve lopmen t, nrov ide adequa te cos: oer formance for 

use as building blocks and exterior walls. 
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2.2 ~ETHOnOLOGY - HOW THE PROGRAM WAS IMPLEMENTED 

The program was implemented in the three part'icipating 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 
oroanizational 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 ?articipating 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. 

~ost 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 

sitUdtions in the individual ?art.icipating countries. This 
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approach also had the advantaqe that as better systems were 

defined, skilled individuals would be available to 9ursue the 

effort. This part of ~he materials develooment, and technoloqy 

transfer was implemented by the formation of "Advisory COmMittees ll 

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

ment, academic institutions, and private industry, as illustratef. 

in Figure 3. 

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

also necessary to have Working Grouos responsible for the experi

mental work, actual manufacture of the Materials, installation 

of the roofs, etc. These IITechnical Working ~roucsll corisisted 

of key individuals who were to be r.irectly i~volved in the exceri

mental e:fort, and thus would have detailed knowledge of the 

rna ter ials, ?rocesses, and aoolica tions .beinq COLS idered. It was 

through these key individuals that the detailed technology was 

to be transferred to others. 

The develoornent 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 

ex?erimental ?rogram, both in ~RC laboratories and in those of 

the participating countries. Finally, demonstrations involving 

larger scale (pilot pla~t) manufacture of materials and,con

struction of roofs were done in each 0: the three collaborating 

cour:.tries. 

From t.he j Oi:lt oro~am, in ~1RC ldbora tor ies and :.-n the oartici

pating countries, 'four candidate roofing material\f'systems 'Here 

deve loped. The se s'/s terns took advan tac;e 0 f a.d'lanced rna ter ia ls 
~ -c~mnosit~ tec~~oiocv d~vela~8~ i~ ~he ~nited St5~2S in De~ense .. .. ~ .. 

ar.d .;er'JsJ;'ace ?rOsra.::15. The sjst.er..s develo?ed rely on plentiful 
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(bl Ghana Rubber Products, Ltd. 
in Accra :Dade available their 
industrial, technical , and 
business knowhow, manpower 
and facilities. 

(a) The Scientific Research 
Council, Kinqston pro
vided technical expertise 
in behalf ot the qovern
ment of Jamaica. 

(c) The National Housinq Corpo
ration, Caloocan City, made 
available their quasi
industrial ?lant, manpower, 
knowhow, and ~ouses. 

:igure J. Implc~~ntatiun of the program was achieved by the contri
buted ?artici~ation 0: government, academic institutions 
and indu~tries in Jamaica, Ghana,' and the ?hilippines. 
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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 

ma~erials 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 year~ or even longer to complete. 
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2.3 D&~ONSTRATIONS OF ROOFING M&~UFACTURE 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 ~o 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 demonstratei that the BRP roofing composition could be 
diluted with large quantities of ground wood chips to make low
resin composites of interest as structural (non-roofing) materials. 
NHC employees are now living in the four roofed houses. 

In the Philip9ines 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 
3R? shi~gles at Hunts 
Bay Site and Service 
project, Kingston, after 
one year exposure. 

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

(e) Security building at 
CSIR secretariet, Aec=a, 
roofed with Bap flat 
shingles. 

Figure 4. Transfer of the roo:lng ~aterial technology was demonstrated 
by the installation 0: roofs in the Philippines, Jamaica, 
and Ghana ~sing panels ~an~:a=tured there. 
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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 facilities 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 scal.e was demonstrated 

along with production of a IIwood chip dilution ll 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 ~omrnission (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 Sherwi~-Williams subsid

iary, provided a site for outdoor aging of panels of the vari

ous candidate materials. 

The actual technical worki~g group came almost entirely from 

the National Housing Corporation. However, inte~est and parti

cipation throughout the program was also maintained by personnel 

23 



from the National Economic Development Authority, the National 

Science Development Board, and FORPRIDECOM. 

In the demonstration of the bagasse~einforced natural rubber 

comoosite, 15,000 pounds of comoosite 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 ~nd curing the panels. Large 

4 ft x 16 ft x 1/8 in. thick ~anels were creoared 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 :t each. 

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

rugated panels because of lack of corrugated molds. 

NRC 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 

In Jamaica, 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 ~f 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 

demonst=ation, only the resin binder, pigment and stabilizer 
were imported. Oth~rwise, 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. 
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(b) Leveling of BRP compound 
into 2 1/2 f~ x 9 ft mold 
at Standard 3uilding 
Products (SSP), 

(a) Processinq of bagasse in 
a Banbury type mixer at 
Goodyear-Jamaica, Ltd. 

-----------~ ~ :~ ..... " . .-" , ---- ",-.=-.~",.~ 

(c) ~olded BRr panel being 
removed from press and 
mol:! at Sail, 

:' igure 5, ~.lnuf .lc,;~r~ :>: b.lg,13si~-re::':1:orced ?henoli-: roofing ?anels 
at Goad'l~ar and St.lncJ.rd SUllding ?rodu.;ts in Jc.rnaica 
tYP:':l~!3 thl.! lv,lllabilit'/ af tho devolopt2d technologies 
1n ~he t~:e~ par~ici~.ltlng 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 pract~cal 
durability experiment. 

The eXgerimmental program in Jamaica was designed to bring 

together personnel with the necessary expertise to definer 

manufacturer and evaluate viable alternative roofing systems 

based on work done by ~onsunto Research Corporation in con

unction with the Roofing Advisory Committee. The effort included 

experimental work at the Scientific Research Council, analysis 

of roofing criterin by members of the Advisory Committees, selec
tion of candidate roofing sites by the Ministry of Housing, 

and outdoor exposure s~udies at Berger Paints. The result was 

the basis for a roofing product demonstration. The actual 
demonstraticn 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 oersonnel 

at Berger Paints Ltd., Kingston. 
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2.3.3 Ghana 

In r,hana, both the bagasse-reinforced ohenolic (BRP) and rubber 
(BRR) roofing systems were demonstrated. BRP roofing 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 quantity 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 ;s 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 

~ubber technology in Ghana orovided for a perfect fit with the 

develooed roofing systems. Interest existed in both the bagasse

reinforced rubber (BRR) and bagasse-reinforced phenolic (BRP) 

syst~ms 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 orogram was on the BRR system 

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 325~F required to cure the rubber. 

Accordinqly, rigid panels could no~ be made and thus a roof 

could not be installed. 

Ghana Rubber Products realizes the problem, is correcting it 

by installing a new hiqh temoerature boiler, and will on 

their own proceed to manufacture a pilot quantity of the 

BRR roofing early in 1978. 
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Theru is also an interest in the BRP system at Ghana Rubber Ltd. 

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

were manufactured at their Accra plant. A small production line 

was utilized and the molding cycle was ootimized to reduce cure 

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

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

made available a structure at their C.S.l.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 ~hana. 

As in the other countries, the experimental orograrn in Ghana 

was designed to bring together the expertise to define, manu

factu=e 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 

orocesses, analysis of roofing criteria, outdoor exposure 

studies, and selecting sites for the rooring 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, Kurnasi. 
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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 AIO
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 "ini tial env ironmen tal examina tion" in · .... hich the poss ible 

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, 

n~tural 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 t!gnificantly. In these there is 
only li~ited or slight environmental ef:ect (see Section 3.4). 

30 



3. TECHNICAL DISCUSSION 

This sec~ion 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 utili~ation. 

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 manufacturinq 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 ~onsanto Research Corporation, The University 

of Washington, Washington University, and participants in the 

Philippines, Jamaica and Ghana. The fou~ 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. 

Tile first three systems (BRP, ERR, and BRT) all involve the 

extension of a strong, durable resin with very low cost rei~

forcing bagasse. The last 5yst~m (BOB) is unique ~on9 these 
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Phenolic Natural Thermo- Liquid 

Powder Rubber plastic 
Phenolic 

Resin 

-------- -------- ------ -------
S u gar Cane Bagasse Fi II er 

-------- ------- ------- --------
BRP BRR BRT BOB 

------- -------- ------- ------.-
Intensive Mixer and Molding Press 

-------- ------- -------- --------

Dry 
Cold Hot 

Wet 
Intensive Intensive 

Blend Mix Mix Orientation 

• Bagasse Rei nforced Phenolic - BRP 

• Bagasse Rei nforced Hard Rubber - BRR 

• Bagasse Reinforced Thermoplastic - BRT 

• Phenolic Bonded Oriented Bagasse - BOB 

Flqure 6. F0ur matcrlal J~d ~roces~ ~lterndtlv~S were develoFed 
that have :..n :cmmon :;-.e ~ ibrous ::..1 :'.!r ar.d ':ohe type 
of mlxlnq 3nd molJing oper3t:..ons, but that differ 
wlth respect :0 the reSln binders used Jnd the pro
cess det.lil::;. 
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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 

interio~ 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 co~ducted at the 

Dayton Laboratory of Monsanto Research Corporation with the 

support of sub-contract personnel at the University of Wash

i~gton in Seattle, and Washington University in St. Louis. 

Dr. Ben S. Bryant and his colleagues at the university cf 

Washington introduced the concept 0: the oriented bagasse 

fiber system and advanced the state-of-the-art with respect 

to mater13ls and processes throughout the program. Importantly, 

they scaled up th~ process wlth pilot facilities to actually 

manufacture a quantity of 2 :: x 7 :t 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 descri?tion 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. 
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3.1.1 Bagasse-Reinforced Phenolic (BRP) Comoosite 

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 ea$y 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 installati0n. 

,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 mOl1nted on exposure racks in Jamaica since ~ay 1975 and 

in Ghana and the Phili?pines since September 1975. 

The mechanical characteristics of the roofing product are shown 
in Table I. ~esults are for the material tested dry and then wet 

after 48 hour immersion in water. ~he wet strength and modulus 
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Table I 

MECHANICAL PROPERTIES OF BAGASSE-REINFORCED PHENOLIC 
COMPOSITE ROOFING MATERIAL (a,b) 

Initial Wet (c) E!L. 
l:'lexural Strength (psi) 7200 5500 7000 

Flexural Modulus (psi, 10 3 ) 710 510 700 

Tensile Strength (psi) 4130 3600 4100 

Tensile Modulus (ps i, 10 3 ) 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 0790 - flexural, 0638 - tensile, rate 0.05 
in./min. Specimens 0.1 inch thick. 

(c)Irnmersion in water for 48 hours. Tested \let. 
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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 ~pecimens. 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 readil~ 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 Largest weight 

and volume of the system and, in this particular formulation, 

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

ing filler). Importa~t 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 r~TERIAL FORMOLATION(a) 

Ingredient (b) 
Volume (c) Weight 

( % ) ( % ) 

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, therrnoset-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 ~500 psi. 

(b) Phenolic - phenol formaldehyde resin, Monsanto PR 736 
dry powder: whole bagasse - dried to ~l% 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 specifi~ gravities: 
phenolic - 1.35, bagasse ~1.4, oil ~0.9, iron oxide ~5. 
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(bl Phenolic binder stable at 
room temperature that cures 
to a hard, denae solid at 
275°F. 

. , 

:,.~ 

(al Oil treated, piqmented, 
defibrillated whole 
baqasse. 

(cl ~oldinq compound containinq 
de!ibrillat~d whole bagasse, 
p~enollc powder, 011, pig
~ent and stabili:er are 
being poured into a test 
:nold. 

Figure 7. ~~c ?rLT.~=l :r.grcdle~t5 i~ :~e 3RP material are processed 
whole bac;asse J.:'.d phenolic powder resin t:'lat are blended 
to for;':'! ~ dr'l :nold':'ng ccmpcunJ. 
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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 Comcosition 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 8RP formulation exists for the 

roofing application. If the phenolic resin content is lowered, 

che 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 3 minimal level. The level could be 

increased if desired but this would add cost and introduce an 

excess of ingredlent tha: might have detr1mental 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 sub~tituted for bagasse, if desirable. 

3.1.1.3 Process 

The process requlr1ng only a few relatively sim~le and established 
steps is unique in that it makes 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 :or making the dense, bagasse-rein:'orced phenolic 

comprises the fi~c primary steps shewn in Figure 8. The first 

step, intensive m~xing, is the ~ost critical, and technically 

the most ccmplex, but uses 8xistlng :acilities and technology. 
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II 

III 

IV 

V 

Whole 
B~asse 

Oi I Pigments and 
Stabi lizer 

'" 
/~ 

Banbury Type 
Intensive Mixing 

Oven Drying 

Dry B lend with 
Phenolic Resi n 

Comoression 
Moldi ng 

Cutting and 
Trimming 

Roofi ng S hi ngle 

Figure S. The process for preparing the bagasse-reinforced 
phenolic composi~e roofing material requires only 
a few, well-establishec steps. 

42 

• ~ON5ANTO RESE'\RC~ CORPORA'T'IC~ •• 



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. ~Vhen the bagasse comes out of 

the intensive mixer it is red in color. 

The BanJury-type intensive mixer can perform the various pro

cesslng functiolls 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 th:s stage (reaction with water is also possible and 

undesirable) . 
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(a) View of bagasse being loaded 
into hopper ~hat lS then 
forced down into the mix 
chalr.Der. 

(b) C"nerJ.l 'HC'" .:;! ::IlX ChM.tC: 
(le~~). '1ear box. :notor olnd 
c~ntro15 !or ! ; rO~~~ 

<;lp"ci~'1 .:r\l:, 

Figure 9. Views of 3 ~~t<)~~:ory El~bu~y :YF~ intensive shear mixer 
for prccl!s.; In·; ;;,1<'::1.>:1(' 1:1:0 '.l!:iab~~ ror.n for the various 
roofing prcduct~ illu~tra=u the ndturc of the required 
oqu i pml! ~l t • 



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 dir circulating oven at 

lOO~C (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 tags) which will keep it 

dry. If the ~agasse is not kept dry, the water will boil out 

·in the compression moldir.g step, causing blistering and blowing 

up of the panel upon release of pressure. A~ternately, 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 sur:ace. This dry molding com

pound ~ust also be kept sealed to prevent the pick up of 

moisture prl0r to molding. 

The final processing step involves compression molding of ~~e 

loose moldlng compound. Because of the high resistance to 

flow charactcristlcs of thlS particular molding compound, con

fining type comprcsslon ~olds ~re not required. Only a top 

and bottom c..1ul tJlcltt:! (;:re::era;;l::' -:1~'..1mln~I\) · .... hich ha'/e been 

treated w:th a specific mold release agent, ~oldwiz 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 distriouted 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 290°F and at least 300 psi 

pressure is applied. The actual cure time for the phenolic 

resin, once it is heated to 290°F, 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 ~tilized. It is expected that in mechan

ized plant operations cycle times as short as 2 minutes would 
be practical. 

Routinely, a bump1ng process consisting of releasing the pressure 

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

and immediately reclosing ~he press and apply:ng the 300 psi pres

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

condensatlon products that may be present 1n the molding compound. 

Th1S moisture and,' or C~5es, if not expelled, could result in 

blls:erlng of ~~e ~~ne! upon :cle~3~ of pressu~e once the cure 
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(b) Compound layed up in a 

r
~·~·~{~ 

. .. 
~ I , 

2.5 ft x 9 f: mold at 
Standard Building Products. 

(a) Layup of the canpound in a. 
laboratory mold. 

{cl I.ayup ot t11.e compound into 
double shingle molds at 
Ghana Rubber Products. 

Figure 10. The proces:;; 5tep5 :;-:lr the BRP composite material ..:an be 
don~ on 3 5~all l~orator! scale, or using larger high 
volume pr=duction :~ciliti~s. 
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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 re18ase agent, in combination with the aluminum 

caul plates, should be introduced without in~ensive 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 b~ 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 ma~e 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 lnto a corrugated mold would be necessary and 

could not be made ~vailable within the time and dollar restraints 

of the program. P~ocess details would also have to be worked 

out in a plant scale. ~1oljs are discussed in Ap?endix J. 
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j (a) 2.5 ft x 9 ft panels as 
they came from the press at 
Standard Building Products 
(SBP) • ~ 

i 

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

Ic) 21 in. x 21 in. panels 
wh~ch were ~anufactured 
and cut into 10 in. x 
20 in. shingles by 
~hana Rubber Products. 

Figure 11. Flat BRP ~oofing panels were manufactured and cut into 
shingles ~sing the developed 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 tte 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 

pre£ently 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 

justif~' 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 

anc imported phenol. 

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

Ghana and the Philippines. ~hese 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~e f3C~ that ~oofing must be competitive with 

al~ernatives on a cost-per-ssuare-:oot basis, were controlling 

factors in the effort. 
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Table III 

PROJECTED MATERIALS COST FOR BAGASSE-REINFORCED 

PHENOLIC (BRP) COMPOSITION (a) 

Ingredient 
Cost Formula Component Cost 

Ingredient (USS/lb) (Nt) 

Milled whole bagasse 0.014 61. 0 

Phenolic power 0.38 30.0 

Preservative 0.42 0.05 

Process Oil 0.15 4.0 

Pigments 0.35 5.0 

Total 

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 

(US$/lb) 

0.0092 

0.1140 

0.0002 

0.0060 

0.0175 

0.1469 

(c) Selling price projected at 3 to 4 times this cost. 
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The ?ercentage of imported raw materials costs, including phenol/ 

formaldehyde imported at "world ?rices", 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 i~ the roofing 

material would be added in the country manufacturing it. Over

capacity in the required equi?ment 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 4¢/lb, 

which would reduce the macerials costs from 12¢/sq fc to 9¢/sq 

ft (based on 2St/lb liquid rhenolic resin). Such a refinement 

could possibly ta~e place in a future development program work

ing with specific manufacturers. The costs d:scussed do not 

include importat~on duties and restrictions of the various 

governments. It 1S assumed that these can be mi~imized and/or 

eli.rni~ated for government sponsored housing applications, if 

deemed advisable by the partic1pating countries. 

While all of t~e costs · .... ill i~:lJ.te ',,'ith time, and ha'le been 

espec~ally dynam:c for the pas: fi~e years, no costs contained 

in :he :ormula::on are ex;ected to escalate disproportionately 

with prOjected :n:la:i.onary 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 

~oofing Material 

The bagasse-reinforced hard rubber (BRR) composite roofing is a 
durable, water resistant, tough, lightweight, low thermal capa
city, panel system that can be formed into a variety of shapes. 
It is amenable to normal carpentry techniques and can be insta11ed 
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 panels exposed in th~ 

weather.1meter for up to 5000 hours (4000 hours of intense sun, 

mingled with 1000 wet/dry cycles) and with one square toot panels 

mounted on exposure racks in Jamaica si~lce May i975 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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Table IV 

PHYSICAL PROPERTIES OF BA~ASSE-REINFORCED HARD RUBBER(a,b) 

Flexural Properties 

Strength, psi 
Modulus, psi 

Tensile Properties 

Strength, psi 

Durability 

Weatherometer - 5000 hours 

Initial 

4,500 
400,000 

3,000 

Outdoor Jamaica since r'1ay 1975 
Philippines since Sept. 1975 
Ghana since Sept. 1975 

Density, lb/ft 3 60 

'Following (c) 
Exposure 

2,900 

(a) Process: Banbury melt blending, sheeted on mill roll, 
compression molded at ~500 psi and 325°F. 

(b)Flexural - AST~ 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 handlec readily by one 

person. 

The roofing m~terial is tough and therefore can be nailed 

without cracki~g. 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 :ormulatio~s exist for the ERR roofing procuct, 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 ~urning in lab tests where it was ignited with 

an external source. Thus, when pro~erly i~stalled, flame spread 

across the roofing would be generally accept~~le. 

Burning characteriscics will be highly dependent upon the nature 

0: the roofing ponel, roo: design, installation, etc. and there

fore would need ~a be quantified under speci:lc proJected condi

tions. Gcncrall~Q~~Ons should not to made. However, char would 

be for~ed 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 degr~s of compliancy when hot (~1500F) 

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). 

T~e hard rubber component includes natural rubber (shown in 

Figure 13), which is indigenous in the Philip~ines and Ghana, 

sulfur, ~tearic acid, zinc oxide, stabilizer, and accelerator. 

Sulfur is used to crosslink the natural rubber into a rigld 

state. The sulfur reaction is promoted by the accelerator, 

which specific~lly was ~onsanto's A10a accelerator. Stabilizers 

are used to prevent degradation during ther~al curing of the 

rubber and also to prevent oxidation during long-term outdoor 

exposure. The stabilizer!l used were Monsanto stabilizer Flectol H, 

zinc oxide, and stearic acid. 
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Table V 

BAGASSE-REINFORCED HARD RUBBER ROOFING FORMULATION 

vleiqht 

Ingredient (Parts) Jpercent) 

Natural rl1bber 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 - ~apico ~477, Cities Service Co. 

Stabilizer - ~1onsanto'!'; Flectol !! rubbe:- stabilizer 
or equivalent 

Accelerator - ~onsanto's A-100 rubber accelerator 
or equivalent 

Antimony Oxide - fire retardant grade 
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(a) ~atural rubber that is 
grown and processed in 
Ghana and the Philippines. 

(h) ~oldlnq compound contAin
inq the natural rubber 
binder, C'Jrlnq .lnd !It.ibi-
11:ing J~d~tlve~ .lnd 55\ 
whole b"'1.l:J91!. 

Fiqure 13. The cR::' rGo: ir.tj ;n.; l :~:.]h indigenous content in Ghana 
.1nd o;;'L' ?~:.l:.;:rl1ne~ :';,l;;.!..i on i'=3 n4tur:ll rubber binder 
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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 formina 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 oxi~e pigment, ~apico Red No. 477, 

produced by Cities Service Company was used. In this fire

retarded formulation containing the chlorinated paraffin oil, 

magnesium oxide ',.,as substituted for 3. ?ortion 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 011. 

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 ~e extracted ~rom 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 and 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 nat~ral 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-fir~-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 

Weiqht 
Ingredient (Parts) (Pdrcent) 

Natural rubber 100 21.1 

Sulfur 41 8.6 
Processing Oil 36 7.6 
Whole bagasse 265 55.9 
Pigment 27 5.6 

Stealic acid 1 0.2 

Zinc oxide 1 0.2 

Stabilizer 0.25 /).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 -

Stabilizer -

Accelerator -

Mapico q477 red iron oxide, 
Cities Service Company 

Flectol H, Monsanto Company 

A-lOa, Monsanto Comoany 
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°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 0.1) 5 ?art per hundred bdsed on manufacturers da to.. Higher 

levels could be used with added cost to the system but with no 

major benefits exce?t possibly very long-term reten~icn 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 real~stic ~oof simulating conditions, 

it may be found that the antimony oxide could be el~~inated. 

However, tests should be ?erformed 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 long.as 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. Hcwever, the economic advantage of a 50% reduction 
in ~ress cure time might nake 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 ach~eved, 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 ?oint 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 staqe, 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 O.l~, based on the dry 
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Figure 14. ?rocess outline for making dense, bagasse-reinforced 
hard rubber (BRR) ma~eria1 shows four primary steps. 
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w~ight 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 remcval 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 250-300 o F 

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 325°F 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 
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of much more bagasse on a volume basis, than is usually allowed 
for cellulosic fillers in rubber. 

The processing oil or chlorinated paraffin uil is well distri

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

assists in making the bagasse compatible with the natural rubber, 

thus 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 prevent~ 

them from returning to their original shape. The product of 

this proct~ss 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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(b) Strippinq of the flexible 
formed sheet from the 
laboratory calender. 

(a) Calenderinq with a labo
ratory two roll mill at 
near room temperature. 

(cl Calenderinq with a pro
duction t· ... o rol.c ~Iill at 
Ghana RI~):Iber Products. 

Figure 15. Lumps of compounded BRR material are converted to a 
fl~xi!;)le, dense I '.lni:or.n1y 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 desir.ed shape. Pressures 

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

are heated to at least 325°F. This temperature must be main

tained for approximately 30 minutes to cure :he rubber into a 

relatively hard state. Temperacures of less than 325°F and 

times of less than 30 minutes are not acceptable. Higher 

temperatures and longer times were also not allowable or ad

vantageous. Hlgher temperatures were a disadvantage for t~e 

fire-retarded formulation, because decompositio~ of the 

chlorinated paraffin oil could take place. 

It may not be necessary to cure the rubber to the rigid, ~ard 

rubber stage. Eit~er flat rubber shingles or larger amplit~de 

corrugations may ?er~it a flexible formulation to be used. This 

would require revision of t~e formulation (e.s., 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 processinq, are 
to be 9 cents per square foot for the fire-retarded BRR 
and 7 cents per square foot for the lowest cost system. 
prices for the roofing shingles or panels are projected 
three to four times these material casts. 

projected 
composite 
Sales 

to be 

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 do:lars and costs). The 

situation for the Philippines where natural rubber is available 

at about 20¢/lb (even as low as l8¢/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, wher.e 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 ?roduct that must be disposed of. In the 

lonq term, however, the higher price would need to prevail to 

justify its use in the rooflng product in contrast to alternative 

appiications such as fuel, cattle feed, bagasse board, etc. 

Some of the other ingredients already exist in co~nerce in the 

Philippines and Ghana, especially the Phil:?pines. However, for 

the most part they require some foreign exchange and therefore 

were not consi~ered indigenous in this analysis. The original 

objective of the overall program was to reduce costs compared 

to alternate roofing ma~erials (e.g., corrugated galvanized iron). 
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Table VII 

MATERIALS COST FOR BAGASSE-REINFORCED HARD RUBBER ROOFING 

Ingredient 
Ingredient US$/lb 

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: 

72 

Formula Component 
Wt % 

20.5 

9.4 

8.6 

54.2 

6.0 

1. 29 

Total 

0.12 in. 

0.84 lb/ft 2 

9 US¢/ft.l 

US$/lb 

0.0410 

0.0047 

0.0258 

0.0054 

o . 0210 

0.0214 

0.1103 

Cost 



. Table VIII 

MATERIALS COST FOR LOWEST COST BAGASSE REINFORCED HARD RUBBER 

Ingredient Formula Component Cost 
Ingredient US$/lb 

Natural Rubber 0.20 

Sulfur 0.02 

Processing Oil 0.15 

Whole bagasse 0.014 

Pigment 0.5 

Additives 0.8 

Eq. Panel Thickness: 

Panel Weight: 

Material Cost: 
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Wt % 

21.1 

8.6 

7.6 

55.9 

5.6 

1.2 

Total 

0.12 in. 

0.6 lb/ft 2 

7 US¢/ft 2 

• '-10N5ANiO ~!5EARC~ CO~PO~AiIC"" • 

US$/lb 

0.042 

0.002 

0.012 

0.008 

0.028 

0.010 

0.102 



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-retard~d 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 

expenses 

the sales 

materials 

the cost of 

and profit. 

prices for 

cost then 

raw materials) plus sales and administrative 

Using an average 3.5 multiplier to achieve 

the two types of roofing, the imported 

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. 

Secause of the fo~ulating 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 th0 controls set by the governments. These costs do not 

includt' lmport~tion duties and restrictions of the various 

governments. It lS assumed thcy can be minimized and/or 

allmin~~e~ for government-sponsored housing applications, 

Lf de~mcd advi~~bl,~ by the participating countries. While all 

o! th0 prlcc5 ~lll In!latc w1th 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. 
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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 comronents. It uses established pla:~ic 
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. Nailab~lity, however, is marginal and will depend 

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

product 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 S~~ (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 ~o a dull finish, which 

w~s 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 qualitati~ely on the panels exposed in 

the Wea':.h~rometer up to 5000 ~~ours (4000 hours in intense sun, 

mingled lith 1000 'Net/dry cycl~s) .:!nd with 1 square foot panels 
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TalJle IX 

MECHANICAL CHARACTERISTICS AND DURABILITY OF BAGASSE ~1INFORCED 
DURABLE THERMOPLASTIC COMPOSITE ROOFING MATERIALS 

WITH ALT!:RNATIVE BINDERS tal 

Initial Following EXtlOSure(dl 

Flexural (cl Tensile (dl Tensile/1000 hr Tensile/430 hr 

Binder(bl 
Str. Modulus Str. Modulus 

(10 3 ~8il 
Str. Mod14lus Str. Modulus 

.if.!.il. (10 3 2sil .!.E.!.U. .ll:!.ll (10 3 psil .!£!.il. (10 3 psil 

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

(alMelt-compounded, resin-bonded, bagasse-reintorced composite. 
Precess: Banbury melt blending, grinding to molding compound, compression 

molding at ~500 psi. Molding temperature 4000r tor SAN and 375°r 
for AlIS. 

(bl SAN - styrene acrylonitrile. 
ASS - acrylonitrile butadiene styrene. 
PS - polystyrene, shown as reference. 

(c)AS~ 0790 - flexural, 0638 - tensile, rate 0.0.5 in./min. 
(dlTensile strength ~ollowing either 430 hours ot intense UV or 1000 hours ot 

weatherometer exposure with cyclic UV (carbon arcl, 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 Table IX 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 74°F 

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 foll~wing 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 wa& 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 

m~trix. 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 whc1e 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) vOlwne~c) ~-leight 

SAN or ASS 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 375°F 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 ~20 mesh. 
Extender oil - Mapico red #477, Cities Service Company. 

(c) Determined experimentally from specific gravities of: 
SAN - 1. 02 bagasse -v 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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Se~ond, 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 d~ring 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 ~omposite. 

The iron oxide pigment shields the binder from the external 

envir.onment, 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 presen~ 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 spec~mens intentionally did not 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 apolication, 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 previ0us 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 

'~hermoplastic 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 therrno9lastic matrix. Additional 

experimental work would be needed to verify a correspondence, 

however. 
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The risk of altering the amount of ~rcservative has already been 

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

advisable if based on actual performance, cost, und 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

PQint. 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

reinforced hard rubber. One practical difference in manufactur

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 

significant capital equipment, but are routine to the plastic 
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I 

II 

III 

IV 

Oven Drying 
Whole Bagasse 

Heated Banbu ry Type 
Intensive Mixi ng 

Rough 
Calenderi ng 

Sheet 

11 

Thermal Cyclic 
Compression 

Molding 

, 
Durable Roofi ng S hi ngle 

Figure 16. ~'our primary steps are shown in the process outline 
for making the bagasse-reinforced durable thermo
plastic (3RT) 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 II. 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 

fOl~ 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 150°F 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) f.luxing, (b) blending, 

(c) chopping, (d) fibrillating, and (e) de'Natering. 

Fluxing in"olv~ raising t.he temperature of the bin'1er to above 

its glass tran~tion 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 pro~~ssing equipment, or it c~n =e 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 :imilar 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 
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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 ASS binder, temperatures of 350°F 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 ASS 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 X~, 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 thermoplast~c 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. 
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Table XI 

PROJECTED MATERIALS COST FOR BAGASSE-REINFORCED DURABLE 
PLASTIC (BRP) COMPOSITION (a) 

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

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): l4US¢/ft2 

(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 sal~s 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 ~s 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 availabi~ity 

problems over the next few decades of time. 

It is possible that the entire sheet forming process could bp. 

achieved in the calendering step alone. Trimned hot sheets from 
the calender would be cut to length and rigidized by cooling on 

a flat (or corrugated) surface. This type of proc~ss could 

effect considerable cost reduction (if success:ully demonstrated) 

by eliminating the expensive compression molding step. 

91 

• MONSANTO RESEARCH COR~ORATICN • 



3.1.4 Phenolic Bonded, Oriented Bagasse Fiber (BOB) Composite 

Roofing Material 

The phenolic-bonded, oriented bagasse fiber (BOB) composite roofing 
material Incorporates the most indigenous material of any of the 
four developed roofing systems. It has great long-ranqe potential 
as roofing and as a genp.ral, very low cost material of construction. 
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 

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

aluminum finish that occurred in about six months. The unex

pected good outdoor oerformance of untreat~d nanels continued 

with the only indication of any shortcominq beinn initiation 

of mold growth af.ter about one year of outdoor exryosure. 

Durability was judged qualitatively on the panels exposed in the 

Weatherorneter 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 

rigid~ty 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. {'ihen 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 h"and, has less than 10% free space and that is 

filled with waterproofing ingredients. The density of bagasse 

board is approximately 35 Ib/cu ft, while the density of this 

material is ~70 lb/cu ft. 

The second factor distinguishing the roofing ?anels 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 pi~h, rather than on high strength fibers. 
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(b) Treated corrugated and flat 
panels after at leas~ one 
year exposure in Jamaica 
indicating only some deteri
oration of painted surfaces. 

(a) Painted flat panel after 
one year exposure in 
Ghana showing no changes. 

(c) Commercial bagasse board, 
t~at has urea/forma~dehyde 
resin blnder and low density, 
WhlCh has a generally poor 
reputation for unintended 
outdoor use. 

Figure 17. BOB panels were expcsed as both flat and corrugated 
panels in Jamaica, Ghana, 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 fiber~, 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 

bagas~e board because of both its greater thickness and free 

spacA 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(a,5,c) 

*(d) =(d) l(d) 

Flexural Strength (psi) 

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

Flexural Modulus (psi, 10 3 ) 

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, 10 3 ) 

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)Irnmersion in water for 48 hours. Tested wet. 

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

=properties 
1 properties ... . . 
d~rectlor.. 

bagasse fiber for reference. 
Measured with load parallel to fiber directio~ 
measured with load perpendicular to fiber • 
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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.S-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 paneJ.s 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 dim~nsionally 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 

o~ 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 depe~d 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 Comoosition 
r 

The phenolic-bonded, oriented ba~asse fiber (BOB) comoosite 
composition is new and unique and fits between baqasse-type 
particle board and bagasse-based paper with respect to deqree 
of refinement. Different is the nature of the baqasse from 
which a larqe percentage of the pith has been seoarated with 
only small fiber bundles remaininq. 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 

Processed baqasse fibers 

Liquid phenolic resin 

Group 2 

Preservative 

FR waterproofer 

Weight 
(% ) 

78.66 

4.14 

0.55 

Asphalt 2.04 
Cl paraffin oil 5.77 
Organo phosphorus liquid 4.21 

Group 3 

Aluminum surfaces 

Paint solids 4.53 
Sb 2 03 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 entrapmer.t 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 t~o panel. 

~wo other materials, a chlorinated paraffin wax and an organo 

ptosphorus 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. 

100 

• MONSANTO RESEARCH CORPORATION. 



The outdoor durability and attractive surface appearance of the 

panel are provided by a flake aluminum (or other colored) tiller 

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

cipitation, 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. Wh~l~ 

this water was not recovered in the experimental work, it is 
possibie that in u 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. Th~s it would have to be 
treated and pith removed before discharge into a stream or 

before reuse. 

101 

• ~ONSANiO RESEARCH CORPORATION • 



3.1.4.2 CompoRition Latitude 

The phenolic-bonded, oriented baga5se fiber composite formulation 
\-las optimized to perfonn in a roofinq 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 w:thout 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 'Height 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 b~ made 
from other ingredients. They could be used if proven to pro

vide the same level of water and fire re~istance. 

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, lrut 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 simole 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 0 fire-resistant ceiling from 

the inside of the house, might be considered. Otherwise the 

relatively high surface area of availabl~ 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 

Processed bagasse 

. Liquid phenolic resin 

Preservative 

Asphalt waterproofer 

Aluminized asphalt paint 

Alum 

Sulfuric acid 

ALTERNATIVE B 

Weight 

79.3 

4.2 

0.5 

12.0 

4.0 

( 0 • 4 ) 

(0.2) 

Minimal Cost Bonded-Oriented-Bagasse Composite Formulation 

Ingredient 

Processed bagasse 

Liquid phenolic resin 

Preservative 

Roofing paint 

Alum 

Sulfuric acid 
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86 

4. 5 

0.5 

9 

(0.4) 
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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 ~lternative 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 M~rcedita, Peurto Rice), 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 extens i ve study on this paint \lIas not made it has been 

independently evaluated by Battelle-Columbus Laboratories. Ac

celerated weathering tests in a Weatherometer of this ?aint 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 a.ld 

wet strength. Fire resistance of this product would be goon 

and it would burn slowly, with little smoke or fumes, if 

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

(al Corrugated panels painted 
with a thick bagasse rein
forced acrylic coating 
before installation at the 
Scientific Research Council 
in Jamaica. 

---. 

.., ... 
. '~"" ' .. 

'') .. .. . --. ":",.. 
. . "r.,.':.:' ~ .. 

(cl Unprotected and paint striped 
flat panels after almost three 
y~ars exposure in Jamaica. 
Severe black mold growth shown 
on unprotected surface and no 
mold on painted surface. 

Figure 18. There are several po~ential alternative treatments for 
the 30B rco:ing 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 dens~ 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 bagasse 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 compfession mold;~g 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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Figure 19. Three prL~ary stages are shown in the process 
outline for making bon=ed, 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 sug3r 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 st~ps 

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 (varlous 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 separa~ion of fibers and pith. The last 

step in this stage is wet screening and washing of the bagasse 
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(a) Wet whol~ cagasse contain
ing fib~rs bonded with pith. 

~.~. 

,..7 :~ 
, .~ ~ 

• ·~1 . 
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(b) ?lcnllac.:;': ::ibers ',nth 
?i~h removed. 

Fiqure 20. ~oJholc b.:l.<;a:::s8 ;:lL;St be de::ibt'illa':ec, separated and 
washed ':0 ~~d u~ ~~t~ the cesi=ed bagasse fibers. 
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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 manufactu=ing 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 m03t of the water is removed. All of these 

functions are perfor~ed at once by du~ping the slurry into a 

centrifugal extractor (a ccmmercial spin dryer) containing a 

very fine screen. Thp fine screen strains out the water at a 

controlled, relatively slow rate, whlle retaining the fibers. 

The centrifugal action causes a column of water to form in 

which the fibers are sus?e~ded. T~ese sus?ended :ibers line 

themselves up in the direction of the spinning action due to 
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(b) The liquid phenolic resin 
in the form of a salt is 
added to the fiber slurry 
and then precipicated onto 
the fibers by acidification 
of the solution. 

Cal Clean fibrillated fibers are 
reslurried before addition 
of the resin • 

(el :or orienta:lon of che fibers 
a dense screen WhlCh recards 
:he · ... a cer f le .... is placed i:\
side of a co~.er=ial water 
extraccor (spln dryer) . 

Figure 21. Liquid phenolic resin is added to the wet processed 
bagasse fibe~s =efore che orienting step to achieve 
wide and uni:or.n ji~t=ibution. 
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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 flbers 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 b~ 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 must be designed for heating and 

pressure to the extent discussed below. 

During the experimental effort mats as wide or as long as the 

!~ize of the panels desired could not be made (except for small 

exposure plaques). T~e 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. T~e 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 

cont:nuous portion of the mat al~a~'s cove=ed any butt joints. 

Although this procedure worked quite well, it would be better 
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(a) The slurry is dumped into 
a spinning water extractor 
where a standing column is 
formed anc the tibers line 
up in the direction of 
rotation. 

(b) Water is re~oved from the 
~at by thp. centrifugal 
actlon of t~e extractor. 
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(c) ~he ~Olst ~ats are sup
~orted by a :~rl: · ... hi:h 
is used to re~ove it 
:rom the extractcr. 

:lgure 22. A ~ey S~C~ i~ ~~e 3G8 ?rocess is ~,e orientation and 
3!~u:ta~eous je~~:~=l~g of the resin containing 
oagasse :ibers into ~ handleable mat prefo~. 
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to form mats that are at least as large as the final desired 

panel, because hand layup work anc 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 previouEly 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°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 

2l0~F. When the pressure is reapplied, however, and the mat is 

heated to about 275 c :, the resin cures anc ~he bagasse fibers 

are ccmpressed into a ~ense mass. The total heating cycle 

ranges from 10 to 15 ~inutes dependi~g upon the mass of the 
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(a) ~nere the ~ats are ~ot large 
or thi:k enough they are 
plyed together to fill a 
mo:d :avity using laps 
over any butt jOints. 

(c) ?ressure and te~pe~at~re ~s 

applied l~ 3 hydrlui:c ~ress 
of the :y?e USt~ci t= :':la.i<e ply
''''ood ':.0 d~n;i~:'1 ~:-.e ::I.lt lnd 
.:'..:re ':.he r~s::-.. 

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

(dl A:ter l short cycle tL~e 
"he r:;id::ed hot ?a~. ~s 

re::loved ~rcm the press and 
the :Jtric ~ee~ed away . 

Figure ::!3. ~esi~ ~ontaining oriented bagasse fieer ~acs are laid 
'J? t.J = 111 a ~olj ar.c pres5~d to :0r.71 a dense par-.el 
and =~re ~he resin to 3 hard, ri;id SC3:e. 

116 



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. T~e 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, c~lorinated paraffin 

wax, the organo phosphorus liquid, and pentachlorophenol. 

T~e 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 

ingredient~ in ~he solvent and the n~~ber of dippings can be 

con~rolled to a?ply the cpt:mum amount of ~aterial (which is 

designa~ed l~ the fcr~ulat~on descrlbed in a previous section). 

However, usually only one dip is required, as illustrated in 

Figure 24. 
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(b) Solve:1ts 1;:iC.d tc :.l':l!ltat~ 

dipplng are re~oved oy .llr 
drying. 

(a) ~aterproofing is best intro
duced by di?ping i:1to a fire
retarded asphalt solution. 

\.:~ A j,--,r.!.b:e .1 t'~~i!1l:ed asphalt 
~dsed ?a~~: !s lpplied ~or 
~x:erlcr .l?F~arance and 
j'..!rabll!.:y. 

~ic~:e :4. ~acer, ~~:~ )~~ we3:h~:~~g :esi3:~nce is ?rovided ~o the 
80B s::~c:~r3: ~Jne! by dl;~ing a~d/or ?Ji~ting. 
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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 ~ini

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 pa~els 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 p~inted 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 ~qual in cost to the raw materials, but 

for t~is system is anticipated to be about double the cost of 

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

120 

• MONSANTO RESEARCH CORPORATICN • 



Table XV 

MATERIALS COST FOR FIRE RETARDED, WATERPROOFED, 

BONDED-ORIENTED-BAGASSE FIBER COMPOSITE 

Ingredient Formula Component Cost 
Ingredient (USS/lb) (Nt. % ) (TTS$/lb) 

Processed bagasse 0.03 78.7 0.024 
Liquid phenolic resin 0.35 4.1 0.014 
Preservative 

FR waterproofer 

Al surface 

0.42 

0.51 

1. 22 

Eq. Panel Thickness: 
Eq. Panel Weight: 

0.6 

12.0 

4.6 
Total 

0.12 in. 
0.77 Ib/ft 2 

Material, Cost - 12 US¢/ft 2 

0.002 
0.061 

0.056 
0.157 

MATERIALS COST FOR LOWEST COST WATERPROOFED, 

BONDED-ORIENTED-BAGASSE FIBER COMPOSITE 

Ingredient Formula Component Cost 
Ingredient (USS/lb) (Wt. % ) (USS/lb) 

Processed bagasse 0.03 79.6 0.024 

Liquid phenolic resin 0.35 4.0 o .0 J.4 

Preservative 

Asphalt 

Al/Asphalt 

0.30 

0.20 

0.60 

Eq. Panel Thickne~s: 
Est. Panel Weight: 

0.4 

12.0 

4.0 

Total 

0.12 in. 
0.6 Ib/ft 2 

Material Cost - 6 US¢/ft 2 
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0.087 



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, opt~mizing 

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. ~one of the 

ingredients are expected to increase disproportionately in 

cost, or have any projected availability problel~s over the next 

few decades of time. 

Several alternative compositions and process modifications have 

been discussed in the proceeding sections. These modlfications 

can be expected to provide improved performance, reduced cost, 

or both. 
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3.1.5 Non-Roofing Applications for Candidate Haterials Systems 

Roofing applications require very high performance from materials 
with respect to both strength and outdoor durability. But, mate
rials 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

cati~ns ~re illustrated in Figure 25. 

The bagasse-reinforced rubber system can be reformulated and 

the process modified to prod~ce 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 lowe~ cost. It was demonst~ated 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 dem~nding roofing applications, 

but still might be completely satis:actory for sidewalls, 

interior walls, partitions, and ceilings (especially if 

painted) . 
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• Bagasse Rei nforced Phenolic 

• Bagasse Rei nforced Hard Rubber 

• Phenolic Bonded Oriented Bagasse 

BRP 

BRR 

BOB 

PBC • Phenolic Bonded Clay 

Wall Panels Acoustical Panels 

Cei Ii ngs Sinks 

Ftoori ng Furniture 

Cou nter Tops Bricks 

Fences Doors 

S idi ng Shutters 

Figure 25: The :naterials .lnd processes developed for roofing 
have uti~it'll when mo~i:led, 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 waterproorer. Resin concentrations much lower than the 

present 4% level also are expected to be usable for applications 

that are not expos~d 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 21 of the phenolic-bonded, 

oriented bagasse could have one surface consis~ing 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 

ceveloFment of this modification 1S suggested. 

Some clay compositions, invest1ga~cd to a limlted degree in the 

experl~en~al stages 0: the progr3m, discussed in the Second 

Annu31 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 

inde?endent 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 partici
pating 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 se}arating 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 ~ountries. 

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 i~ 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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1ransfer of Technology 

MRC Project Team 
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Figure 26. The ~et~ocolog: encompassed following two, ?arallel, 
inte~rela:ed paths toward mee:ing the program objec
tives in Asia, Africa, 3nd 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 const~uc

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 participati~g cou~try 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 belween the 
MRC team and the participating countries was one of the most im
portant aspects of the methodology. 

Early in the program it was necessary to define the problem and 

to seJ.ect one participating country each in Asia, Latin .~erica, 

and Africa. Defining the problem, then, from the very start 

was done i~ 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 col~~borativc organizations and individ~als with whcm wcr~ 

in the progra~ could be accomplished, and who cou~d be responsive 

to following through with an effort even a~ter AID support was 

concluded. 
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APPIiOACH 
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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 p~~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 ?roperties of bagasse, resin binders, 

resin processing, etc. Such personnel and organizations thus 

would have little or even possibly 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 indi
viduals would be available to pursue the effort. The approach 
taken was the formation of advisory committees 'Hith broad 
experience. 

A prlmc objective was to define organizations and individuals 

who would ?robably be directly involved because of the nature 

of their business or who would have the versatility and open

mincedness to pursue a beneficial development. The obvious 

interest and enthusiasm o~ a host of individuals in the candi

date countries 3ssisted in r~~chi~g 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 ~hat the various disciplines were 

represented on the committee and that replacements for indi

viduals were made wheD 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 t~e committees included individuals from the 

government, private indus~ry, and academic ins~itutions. 
Experts in the areas of finance, business, entrepreneurship, 

socio-econonic requirements, etc., were also encouraged. 

It was then important to obtain commitments from the advisory 

committee memb~rs 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 commit~ents were 

made without hesitation and assistance was made av~ilable at 

appropriate times. There is no doubt that this qenerous 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 uo of those who coul~ directly con

tribute to obtaining t~e necessarv raw materials, man~~acturina, 

developing, testing, utilizing the product, utilizing the 

technology, and constructi~g the de~onst~ation roo:s. 7he 
type of expertise required depend upon the system being con-

s idered at the time. The '.vorking group vIas to have a chair.nan 

or coordinator to facilitate its functioning. 

The working group in all cases conducted laboratory or small 

scale pilot experiments to gain familiarity 'tJith t!ie system or 

systems of interest. Attempts were ~ade 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 laooratories 

(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. Pel forming 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. A~~this stage the working group 

coordinators and the Advisory Committee chairmen played key 

roles ~nd, 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, 

individllals, and the government (especially with respect to low 

cost housing which should be a prime target for t.he roofing 

materials) . 

3.2.2 Material and Process Develooment 
b 

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 involv
ing actual construction of roofs in the three collaborating 
countries. 

The materials and process development generally followed the 

recownendations 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 j.nvestigated 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 
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-
Figure 28. Material and pr~cess development constituted the 

main te~hnical path Q: the methodology leadir.g to 
the a:"ter:i3c:"ve r'Jo: l:".g 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 su?port 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 ~sing 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 ex?eriments, and as better candidate samples becaMe avail

able durinq the material and process studies, they were deliveren 

to the participating countries whe~e they were nut on outdoor 

exposure racks for measurements of durability. v~ile some of 

the earlier samples did not have all the refinements of those 

systems oroduced later on, it was i~portant that they be nut 

out for ex~osure early in the orogram so that some realistic 

exposure ti~e periods could be achieved. Fort~nately, test 

fences of this type, usually used for exposing paintS, were 

available in the participating countries, and the organizations 

who had them were ~ost coooerative in croviding soace and 

analysis. 

At the saMe ti~e that the screeni~a of the materials ~as cc~

ducted, a generalized set of criteria :or roofin9 was defir.ed 
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in conjunction with participating country personnel. This 

was necessary to define the functioning of a rnof 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 guess i.lg wha t rna ter ial could be genera ted from a com

posite consiscing 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 vf 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 tech~ology and 

facilities was required. For instance, manu:acturing facili

ties 'of any kind that were available in the ?articipating 

countries had to be factored lnto studies done in the selection 

of these countries. In all ca~es some facilities did exist. 

Hcwever, the availability and size of facilities and the 

manner ~n which they were beiDg utllized was all important 

to the research program. Accordingly, a survey and inspection 

of facillties 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 develo~ment paralled the material analysis. 

Processes were necessary to fabricate specimens from the candi

date materials. In some instances an expedient process was 

used to prepare a specimen so that it could be eValuated. As 

the effo=t progressed it was necessary to define and use more 

practical processes that could be scaled up into the plant 

manufacturing level . 
• 

It was felt that one of the processes needed refineme~t on a 

larger scale. Therefore, collacorators at the University 0: 

Washington set up a pilot facility for fabrication of full size 

corrugated panels, proceeded to detail the process and manu

factured a small q~antity 0: pa~els :0= evaluation. This i3 

illustrated in Figure 29. 
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(a) A Sprout-:.laldren defH:ril
lator was used to wet 
fibrillate ~agasse fibers 
after initial dry processing. 

(b) COiur.lercial water extractors 
incorporating screens and 
dense fabrics '"jere used to 
introduce orientation and 
form a moist mat. 

(e) ,\ single opening 5lde 10a:1-
inq ~ress was ~ade lvai!ablr 
~or moldlng It :~e ~aricln 

P~ywcod '\SSOclltlcn In ~acoma 
to :cmp~e:e :ne ~l:ct ~lant. 

Figure 29. A pi~ct facility to prod~ce full size 2 ft x 7 ft 
corr~;a:dd aCB panels was set up by t~e University 
of ',.;ashi::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 m?terial 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 'Jf 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 resp~ct 

to availabilities of materials, facilities, and technology. 

Thu~, 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 ~aterials, facilities 

and technolocy. Other systems a??eared nore attractive in t~p 

long ter~, where capital facilities could be added or some change 

in thinking could be introduced. 

Finally, during :his early rcsear=h only relatively brief deter

minations of acceptability or durability could be achieved. 

Thus, it was necessary to have a number of alter~atives available 

so that sub~titutions could be made should a flaw become apparent 

in one ~~ the ca~didates. Such !la~s could ~ncl~rte SO~2 no~-

technical ascect' r~id~~~g to a oarticular qove=~~enta:, 801iti

cal, or socioeconor.~c c:~~dte. For insta~~e, the inr.ort~t~on 
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of materials can readily be made very easy or very difficult at 

the discretion of any government. Similarlj' I th~ qovernment 

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 ~hich would have to follow not only political 

boundary lines but world demands. 

3.2.2.2 Collaborating Countries Participation and Demonstration 

The knowledqe of material and Drocesses and their application to 
roofinq 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 proqra~ the laboratory-optimized roofing 

materials and proces~es and the rationale behind them were 
explained to =ollaborators in the ?articipating 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 ?rograms were initiated in each of the three partici

pating cou~tries. A generalized ?rogram work statement used in 

Jamaica is shown in Figure 30. T~'is ?rogram was desicned to 

mai<e t~e ?artici~ating ' .... orking group i!1timately familiar with 

the candidate materials and processes. Experi~ental wori< was 

conduc~ed on those systems that seemed to best fi~ the needs 

of the particular count~y. The work was to be done in a labor

atory or smull ?lant, ~elating as much as possible to existina 

facilities to be used in ~ater, larger scale manufactu~ing. 
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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 experi~ental 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. 

Rath~r than build new houses on which to install roofs, houses 
already planned for construction were to be utilized both to 
~inimize progr~~ cost and provide a more practical demonstration 
The roofing panels were to be provided at no cost, in exchange 
for their being installed on a roo:. The selected houses 
dictated roof design and substructure. Intentionally, as little 
modificaticn as necessary was made, but some changes were necessary 
to accc~~odate the particular roofing panels that were found to 
be practical for the pilot manufacturing. 

The roc: was to be designed so that perfo~ance, or lack of 
per:ormance could be directly related to the ~aterial of con
str~ction rather than to the roo& design. It was anticipated 
that all the materials could eventuall:' be !abricated into any 
particular desired shape. ~he i~r-ortar.cc of installing the 
roofs was to get the materials into a rco!ing Situation for 

the life o! the prcduct cculd be deter~ined. 
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Sufficient roofing pan~ls to provide coverage for the equivalent 

of at least four houses (this arbitrary number having bp.~n 

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 developmentaJ 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, 

res?ectively, in the Philippines, Jamaica, and Ghana. 

The int~rvals between visits were also optimized to provide 

time :or work to be conducted in the par~icipatlng countries 

between meetlngs, to allow for shipment of materials anj their 

clear3nce through ~ustcms, :0 allow for trou~~~ 3hcoting ex~eri

mental ' .... ork at ~RC"s Dayton L.J.bc ·"tory and to allow for planning. 

These intervals were ~lve to SlX months, three to four months, . 
and six to eight months, respectively, for the Philippines, 

Jam.J.i~a, 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 a:l 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 j to fully 
evaluate the various alternative materials and processes 
develope~. 

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 fun~tion of the 

technical working group, having at the most one representative 

from ea~h of the organizations carrying out the various aspects 

of the program, was to actually implement the cevelopment and 

demonstration program. 

The Sational Science Development Board (NSDB) was selected by 

the ~ational Economic Development Authority (SSDA) as the scienti

fic agency in the Philippines to carry out the in-country 

development for the AID roofing project. The chai~~~ of the 

NSDB, General Florencio A. Medina, was selected to form and head 

a national advisory coordinating committee for lew cost roofing. 
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This committee was formally constituted at a Meeting at NSDB 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 grouo with Ms. Lydia G. Tansinsin 

as chairperson. The first meeting of the entire technical 

working group was h~ld on August 29, 1975. 

The technical working groue, which was to follow through with 

direct implementation of the work, including a demonstration, 

was made u~ 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 Develo?ment Board providen nrograrn and 

technical coordination. The National Housing Cornoration ero

vided extensive manpower and facilities for experimentation and 

actual manufa~ture 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 sam?les of and information on sugar cane haqasse from its 

Hawaiian-Phili~pine Sugar Company. Goodyear Tire and Rubber 

Company provided manpower and facilities necessary for a portion 

of the manufacturing process and thus particioated in the 

demonstration. 

Latex Products Company made available manoower and facilities 

on a nost timely basis early in the program to erovi~e for the 

first pilot-scale manu:acture of one of the roofing eroducts in . -
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LOll-COST IO:JPIlIC NATIONAL CaoIlU~ ('"ItI"IIIESI 

orqaniution 

NAtlonAl Sclence C.vel~nt IGerd 
11cutan. Tlqu1q. IUql 

NAtlonll tnltltute ot 5c\ance , Tlchnoloqy 
Nltional SC11nce ~vwlopa.nt Board 
81C1.1t.an. Tlqu1q. lUul 

rorelt ?roducu ?al.uell and :ndllltri .. 
c.vel~nt c.o.ulaion 
a72 II.abel, Bulldlnq 
I.abel St •• E.pan.. Manlla 

!lulldinq Re'''l"ell S4l"Vlce 
UniYeraity ot til. Philipplnel 
DUiaan. Quuon City 

Coll~. ot Arell1t.et~r. 
Unlver.ity ot the ?hilipp1n •• 
DlliaAn. Quezon Clty 

Colleqa ot Enqln .. rl~q 
Mlndanao Stltl Univwr.lty 
:. &lid S !lul1dlnq 
Roxa. Blv~ .• Manill 

~at1onal Hounnq Cor;>oraUon 
Tall. :Iloocln Clty 

~ondo rore.hore ~velopm.nt Authority 
Tondo. Hlnl11 

P~ple'. Home.ite and Houelnq Corp. 
El11ptlCal Road. Qu.zon Clty 

Pre'ldential A •• l.t.ant on HOlllln9 
and Re.ettl~nt Aqency 

Quezon Blvd •• ElIUnaion. 
Quuon City 

Phl1lpplne Inltltut. ot Env1roRBantal 
PIANlen 

5iklt~ BIIldln9 
Ayall ;>'vu,u. 
HaJt&tl. lUul 

Phl1lpp1n. In.tlt~t. ot Civil 
Enqln •• rinq 

~lta Hotor 511 •• Cor;>orltlen Ild9. 
QUazon Blvd •• Elltanllon_ 
Quuon CHy 

Hwa&nltarlan and ?riv. Alei.tanee 
Unlt.d St£t •• Aqancy tor Interna~lonal 
~v.lopoNnt 

~ ~Iq.ay.ay Center 
110 .. 1 Slv.:! •• Manill 

IIepr ... ntH1v. 

Cenerd rlonne1o A. Medina 

Dr. rnnehco O. U.,lanq 

Dr. Ema.to Tabuiua (npr ... nted by 
G. JIanaIwII 

AunUo T. Juquilon 

~ino 19Mel0 

Cenerd Gaud.ncio V. '!'obi .. 

~. Saba.tlln J. Santilqo 

Col. JaiMe A. Vlnl90 

C.an c. •• r H. Coneio 

~. Cuar A. C&.li"ua 

"I'. ':o .. pll Whelton 

Titl. 

Chairaan and Country Coordlnator 

~ .. lon.r 

Executive Diraetor 

can.ral Manl9ar 

Chairaan. Nltional Julldinq Coda 
eo..ittae and Prelld.nt 

'r .. idant 

AlI11tant Dir.~or 

Figure 31. The Philippine National Advisory committee on roofing 
provided extensive experience in their effort. 
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The Phi 1 ippine T~hnic31 Working Group carried out the 
experimental w~nd demonstrations. 
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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 tu~m. 

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 ~RC 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 studiel. US-AID Philippine project coordinators 

changed several times. However, much active and useful assist

ance was provided throughout the 4-year duration of the progrrl.~. 

As will be discussed later, supplementary funds were made avail

able by AID-Washington and US-AlD-Philippines to pursue more 

than one alternative. 
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3.2.3.2 Jamaica Program Coordination and Structure 

The sma11er ph~s1ca1 size, the concentration of industry in one 
area (Kingston), the ava11ab111ty of re1ative1y modern fac111ties 
and a more 1nforma1 business, 1ndustr1a1 and ~overnment c11mate 
provided a high degree of f1ex1b111ty in the Jamaican pro~ram. 
A proqram coordinator d1rect1y respons1b1e to MRC and major man
power and fac111ties commitments by 1ndustrv and tne qoverr.ment 
expedited the effort. 

In Jamaica it was judged that a tormal advilory committee on 
rooting would be highlY delirable al the mOlt ettective melnl 
ot making available the necellary expertile. A technicil work
ing group could then evolve trom memberl in the Idvilory com
mittee from thOle judged to b. more relevant to the ~I:ticular 
approach then being taxen. The Idvilory committle il Ihown in 
Figure 33, with me~berlhip Ihown by orgAnizAtion. Th:ou~hout 

tha term of the ettort, perlonnol chlnqel in virioul or9lniz4-
tiona required lub.titution. ot repre.entltivoII 

The Jamaican coordinltion .ttort WII uniquI, Imon9 tho throo 
countrie., in thAt ~hl ~roject coordinltor hlc I diroct rO'ponl-
1bility under thQ MRC prime contrlct. Thil WII Icccm~lilhod by 
~Iyinq thlt indiv~dull tor tim. 1~lnt on the ~rojoct up to • 
limit of 500 houri, 

Thoro i. no doubt thAt • qro.tor deq:oo of ooordinAtion oould 
hlVI been ~olliblo it mora fundi woro IVlillblo ~or UDO in tho 
~lrtici~ltinq count:i@D, Tho lick of luah tuneinq • QMO@pt tor 
~Ato:illl Ind equipment - limitod luch ooordinAtion, HowQver, 
in Ipit. of the •• tundinq limitAtionl, totAl tundinq of In Ale 
ottort in tho ~1:tic1~ltini count:i •• WIG doom~d le.1 IdvilAble 
.inc. thil would not hAV. :oqui:od I liqnitioAnt oommitment on 
tho part ot ou: collAborAtorg, It WI. telt thAt ouch I eemmi
tm0nt WAD vitAl ~Q ~ncouraq~ ~ continuinq Qttort @v@n Aft@r A:O 
4nd MRC pArticipAtion ondod. 
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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 cf 

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 worki~g group, which actually followed through 

with direct implementation of the work, was made up of individuals 

from ~ithin the organizations participating in the advisory 

committee. Those in'lolved in the technical working group are 

shown in Figure 34. The specific role of these individuals, 

discussed i~ 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 S~~A Ltd. in Kingston, Jamaica. 

l5~ 



• 
~ 
o 
z 
'" ,. 
Z 
-i 
o 
:u 

'" In 
PI ,. 
1I 
() 
I 

o 
o 
:u 
11 
o 
:u 
> 
-t 
o 

• 

U> 
UI 

Duuet br ...... Ma ... a.aJ Parl • ..,ro. 
1 U ....... e Avenue 

1l1"'I"h", !I 
~~. ~26-}48!1 

"lnlotay of U ..... I"9 
2 1I.'JI.y P.rk iID.d 

Il'luq"l<:.n 10 
M.on" : 9]f, -I'; '.to 

:>,:Icnllrlc kc~e.rch ("""nell 
(,I..! 11"1"" ".,,,,J. P.O. ISox )!lO 
JI:&o'l::sllJII b 

u .. ly" .. dly of We .. l I .. dle~ 
Mun.a tt.. ..... 1 

J.Jt"J~tuo 7 
H ..... " , '12-'-0751 

8erqer P .. luU. 
2'; .. Sy.u.I,," Town ilDad 
J I"~!lt' .... '1 
1-10. .• "''' 92]-6226 

St ..... I"'J 8ulldl"9 Products 
IJ£I&4lcal I.tJ. ISbl'1 

('.0. 1>< •• 2'1 

66 Corlett. Mo6d 

Sl',an i.h Town 
JoI,une, 'J1I4-229!1 :%1 

... .uo .. ly" .. r Ja-..lc .. LtJ. IGTI 
olllcl: - 2~ TotAllfJU Av~nue 

I(an'l"tuo lu 
Plant - Morant BAy 
Haooe: 921.-80111 

9t1!-2151 

l!Ult=.'" of St4Jtdard. 
b WI nc!le~lC'r No.d 

Il'lno.J .. tun lu 
I>'",one: 'J2t.-1l40 

Figure )·1. 

IHP,!«l\Il:D ROOFING HA,",RIALS WI'" ECCtIC»1IC TRAD~ IIJ::NJ::FJTS TO JAMIC"; WORKING GII(XJP 

Rtopre .. entative 

Alfrico D. AJams 

M •• HadLne IM&aCB 

Me. "1 Ricluorda 

Mr. Fr ... ' CaaopLoo 11 
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Hr. Trevon Neal 

Mr. John Crafton 
Mr. DoUC)I." wynter 

Mr. Richard Greene 
M<. Ilca.et Schueller 

Tit I .. 

a ... n" .. "d J::n<jlnee .. anJ Hoof Progr ... 
Coo .. dinator for Jamaica 

Architect 
Archit .. ct 

Senior Princlptal ScJ"ntific Officer 
Sci.mr.Hic Ofticer 
Sci"ntific Offic"r 

Profebsor of Haterial Science 

Technical Manager 
LaLoratory Manager 
Marketing HAnager 

President 
T"chnical Oirec~or 

Production Director 
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lIead, Material. 
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Engineering 

Architectural .upport 
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Ca.q~Bite HaLurials and Te.ting 
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Play.leal Te.Ung 

1'he Jamrlica Technical Working Group was constit.uted from within the 
Advi!>ory CO/lunittee making available the personnel and facilities to 
develOp and manufacture the materi.Jls 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 Bu~eau 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 celephone 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 infonnal business, industrial ~ and aovernment cli
mate 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 excel
lent incentive. Commitments by aovernment, business and industry 
and the availability of directly appropriate facilities also con
tributed. The lack of good telephone communications between the 
MRC project team and tbe collaborators and between the collabora
tors at different locations in the country was a significant 
barrier to efficient impl~~entation. 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 ~ot necessary in Ghana. This was true be

cause of the le~s 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

f ic and Indus tr ial Research (CS I R). 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 

are3S. ~h05C organizations and individuals appointed to this 

committe:~ ;u:e shown in Figures 35 and 36. 

Dr. de Gra~t-Jchn50n also agreed tc assign an associate frOM 

ERRI to act ~s technical coordinator for any e~fort to be 

conducted within ERRI and outside industry. ~his 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 ado~ted and used in typical housing. 

Dr. de Graft-Johnson agreed that this work at BRRI would be 

per:o~ed 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 formi1l agreement would not be necessary for the perform

ance as agreed upon. 

There were four major participating organizations in the Ghana 

roofi~q 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, ~hich assisted with the i~portation of materials 

and at ti~es provided for timely intercontinental con~unications. 

The Forest Prcducts Research Institute was to have made available 

scme needed facilities but was unable to do so. 

Discussions by t:,e rooi:.r.g comrnit~~e were held in 1975 and 1.9'76, 

covering all aspects 0: the ef:ort with emphasis on th~ rural, 
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low-income housing situation. Based on the information generated, 

a detailed experimental progI'am was drawn up to guide the various 

participant3 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 vari
ous roofing material candidates by manufacturing at least one of 
them within each of the participating countries and installinQ 
roofs that would allow their evaluation. The bagasse-reinforced 
hard rubber system was demonstrated in the Philiooines and Ghana, 
and the bagasse-reinforced phenolic system in Ghana, Jarnaica, and 
the Philippines. These demonstrations helped force a transfer of 
technolo9Y. Secondary systems and alternative uses for the products 
were also explored. 

One goal of this proqrarn, which was achieved, was to rnanufacture 

at least one of the alternative roofing systems in each of the 

three 9articipating countries using available facilities and 

manpower. 

included: 

the local 

These demonstrations had a number of purooses, which 

(a) illustrating the practicality of the systeM for 

situation; (b) illustrating that the technology had 

indeed been transferred; (c) establ ishing a baseline for dura

bility studies; and (d) illustratin( the validity of a scaleuo 

from the laboratory studies. Figure 37 summarizes the scooe of 

t.he demonstration effort. 

The bagasse-reinforced hard rubber (BRR) system was used for 

demonstrations in the Phili9pines and Ghana. The bagasse-rein

forced Dhenolic (BRP) was demonstrated in Jamaica, Ghana, and 

the Philippines. In the Philippines, Ghana, and Jamaica, rnate

rials were compounded, panels were r.abricated, and roofs con

structed. In Ghana BRR materials were also cornoounded, but only 

small samples were molded, since adequate mold ternDeratures could 

not be reached in the plal t of Ghana Rubber Cornoany. 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 

temT?eratures. This facilitity sh0uld be operational in the 

first qua=~er of 1978. 
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l-'igure 37. TechnolO<lY demonstrations were conducted in all three countries with the 
proof evidenced by the existence of roofs manufactured and installed 

locally. 
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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 cQordinatc~, 

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 ~anila 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 po:antial 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 demon~trations involving large sc~le 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 
or9~nizations 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 thf.! 

BOB system, including a study of the process parameters. 

Small ~cale equipment was available there for fi~rillating 
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, ~hic~ 

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 Corporation 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 gra9ually 

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 

:::;lant, 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 (variation~ in formulation, curing 

time a~d temperature) were done in plant proQuction equipment. 
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Simultaneously with the experimental program, outdoor exposure 
of ~anels of the candidate roofin~ 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, riqid 4 ft 
x 16 ft BRR panels were manufactured and subsequently cut into 
2 ft x 4 ft flat roofinq shingles. Ahout 14,000 sa ft of similar 
panels of the BRP were al.so 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 d~~onstration 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 t· .... o separate de.'nonstrations of plant scale manufacture, 

at the National H~using 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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Figure 39. Two complete alternative roofing materials were demonstrated in the Philippines 
by plant manufacture of large CJuantities of shingles. 



were manufactured using a combination of the processing facili

ties at Goodyear-Philippines Ltd. and the National Housing 

Corpccation. The field report on this demonstration, dated 30 

October 1976, is in Appendix H. 

The BRR composition ~~s 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 wa~ also examined. In particular, bagasse that 

had been depithed w~s evaluated against raw, whole bagasse in 

both the fire retarded and lowest cost formuLltions. 

The compounding went as expected, with only one exception to the 

recommended proce~ s. This exception involved the time f~r addi

tion of the accel~rator and sulfur to the compounded ingredients 

in the Banhury. Because of the high efficiency and relatively 

high temperature generated in the Banbury ~ixer 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 wer0 

first compounded in the Banbury. They were then dropped out 0: 
the Banbury and left to cool. After cooli~g, 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. Thi~ sheet was fcd to a 

calender to further refine and then rolled 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-proces£ed 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 rnoldinq and 

pressing operation of the Natio~al Housing Corporation Particle 

Board Plant. This material system fit beautifully with ttle 

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) !he flexible rubber sheet 
was placed between s~ooth 
:lat alumi~um caul sheets 
treated with release agent 
prior to i~serting into a 
press. 

(bl T~e shee:s 1n ~~eir ~olds 

were l~S~ :~d i~to l ~ive

opening ~elte~ hydraulic 
press ~or curi~g. 

(c) Four ~t X ~6 ft panels 
were ~olded in the press, 
r~moved and cut into 4 ft 
~ a ft pieces, that were 
eventually cut into 2 ft 
x 4 ft shinglos. 

Figure 41. The calendered 8RR sheet was rigidized into panels in 
molding presse~ at the ~ational Housirg Corporation, 
Calcocan C.l.~,/. 
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process. The molding powder was dumpeo into 4 it x 16 ft trays 

and leveled with comb-like devices. After leveling, the product 

was put between rough aluminum caul sheets coated with Moldwiz EQ6 

release agent and subjected to pressures of about 300 psi and 

'temperatures of 290°F. 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 Corooration oarticle board olant 

~ - ,. 

chip processing equipment. This was to determine if something 

other than a Banbury mixe~ could be used for this bagasse pro

cessing. Initial indications were that indeed the basasse 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-reinfo~ced 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 ~sed, 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 Corpora
tion (NHC) near Manila in November 1976. The roof consisted of 
24 in. x 48 in. x 1/8 in. BRR shingles nailed to a wood pur1in 
and stiffener substructure. NHC employees have since been living 
in the houses and monitoring performance. Bagasse-reinforced 
phenolic (BRP) panels, manufactured in July 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 oersonnel 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-manufacturec 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 
MRC ~-----

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 prefabricate~ trusses with a 30 0 double 
pitch and a 24 in. overhang on all sides of the house. Roof 

area totaled 849 sq ft. A wood purlin and stiffener sub

structure was designed to accomodate the 2 ft x 4 ft shingles. 

The shingles were fastened to the wood substr.ucture using con

ventional 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 30 0 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 war~ing of the flat shingles has also 

b~en 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 he·use is 

scheduled to be built and roofed subsequently. 
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(b) The 2 f~ x 4 f: Shingles 
were attached by nailing 
a,d could be cut with 
available carpenters 
saws and knives. 
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(a) The shingles were attached 
to a \Iood purlin and stif
fener substructure designed 
to withstand local seve.re 
wind ctJnditions. 

After one year exposure 
the =~vfs :~~ibited only 
the expected ~inor sur
:ace ~ear and some wQrpi~g, 
but oth~rwise perfo~ed 
well ar.cording to those 
living in the houses. 

Figure 43. Four ~lHC employee houses were roofe:d with the BR.~ 
shi!1g les 1:1 ~love!nber 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 l-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 ba~asse
reinforced phenolic (BRP) roofinq existed in Jamaica. 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 b'y 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 19d directly into the roofing Manu

facturing and construction demonstration proqram, but was much 

broader in scope. Three of the available candidate roofing 

systems were examined in the laboratory by the technical working 

group 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 Norking Group and the HRC 

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 oertinent details concerning 

the effort to manufacture roofing panels made with that material 
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Project leader j- - - - - -- -- --'--
Jamaica 
Project 

Coordi nator 

MRC SRC 

Experi mental Program 

Roofi ng Product 
Defined 

and Evaluated 

ROOfing Demonstration 
Manu factu rl ng 
Construction 

Advisory 
Committee 

and Technical 
Working Group 

Figure 44. In J~~aica an experimental program was conducted to 
preceed the manufacturing and construction demon
stration stages and overall coordination was done 
locally. 

182 

• MONSANTO RESEARCH CORF'ORATION • 



'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 con

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 install~d 

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 in Jamaica to define, manufacture, and evaluate a 
viable roofing altern~tive based on the work done by Monsanto 
Research Corporation in conjunction with the early work of the 
Jamaican Roofing Advisory Committee. The effort inc1uded 
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 p· ... oduct 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 fundz for incidentals r 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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(al An electric heated lab hy
draulic press was used to 
make BPP and BOB samples. 

(cl A defibrillator was set 
up for experimental work 
on the BOB syst~~ with 
AID funds. 

. . 
• 

(bl Various BRP formulations 
and molding schedules were 
examined toward optimi
zation and learning. 

(dl The largest commercial 
Boch water extractor for 
orienting bagasse in the 
BOB process was supplied 
wi th 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 f~om Messrs. Doug Wynter of Standard 

Building Products, Tom Hughes of the University of the Nest 

Indies (Mona Campus), Al Richards and Nadine Isaacs of the 

Ministry of Housing, Ken Espeut of Berger Paints, Ji~y 

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 progr~ss report, dated July 1976, 

is in Appendix D, containing data generated by Mr. Denny 

Williams of SRC. tVhile 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 int'imate mixing, for 

fibrillating the bagasse fibers, coating the~ ~ith 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 pre\iously 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 ba$ic 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 pI'epared 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 iences were positioned 

to the south at 45° 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 clima~ic 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, includinJ 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 
placed on the Berger test 
fence during the program 
and will remain there to 
provide long-term infor
mation. 

(b) Typical of exposed panels 
is the BRR panel marked 
75-088 which was installed 
in August 1975 and is shown 
here in October 1977. 

'I~ISH 

G<~- (1...+' LW. 
IXPOSUli IlCOIO 75"-Oi8 

DAI"J. A"lIID DATI EXPOSID JI i ,".-
"""CI IXPOSID :::;;;n,-,,,. CIl"",I$",,·. ~", (K,,,*,.rrrJAI)ATa COWP1...ITlD 

,O.WULA lU..., I f41J#.C - I ffl n71'AL flw. EXPonD 6 

Figure 46. 

(c) Data for the typical BRR 
panel is shown as generated 
by Berger using paint ex
posure terms. 

Outdoor exposure and analysis was performed at 
Berger Paints, Ltd., r~ngston, 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 pan~ls. 3400 square feet 
of flat roofing shingles were manufactured. 

The details of the demonstration project olsn, results, and 

future efforts are presented in three c0nsecutive reoorts repro

duced in Appendix F. The project plens are c~ntained 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 ?oint-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 de?icts 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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Goodyear 
Jamaica Ltd. 

Standard 
Building 
Products 

Local Materials 

" 

Monsanto 
Research 

Corporation 

Imported Materials 

/ 
Banbury Intensive Mixing 

Alfrico Adams t 1 Coordi nator 

--

Scientific 
Research 
Council 

+ 
Sta ndard 
Building 
Products 

-------------------------------------
,-----_.-

Ministry 
of Housing 

< 

Berger I""" 

Paints 

Screening, Drying, Blending, 
Metering, and Packaging 

! 
Lay Up, Compression 

Molding and Trimming 

--------------!------
Construction of Roofs 

! 
Performance 

Evaluation 

Figure 47. The Jamaica demonstration involved a number of 
organizations which cooperated to provide the 
need~d expertise, manpower, and facilities. 
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The conversion of these raw materials into roofing was conducted 

at three sites (all within a 25-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. 

Banb~ intensive mixing was conducted at the Goodyear Jamaica 

site in equipment n0rmally used to compound the inqredients 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 experi

mental 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 deter

mined. 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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(b) The processed, oiled, 
pigmented bagasse was 
collected on a pl~Nood 
box, the only modifi
cation to :he equip
ment, and Fulled from 
there into bags. 

(a) About 350 pounds of bagasse 
shown going into the Ban
bury were processed in each 
batch. 

(c) The processed bagasse, 
considerabl, reduced in 
volume, 'Nas shipped in 
bags to the Scientific 
Research Council labo
ratories. 

Figure 48. Compounding of tons of bagasse with oil, pigments, and 
stabilizer for the 3RP material was conducted in a 
Banbury :nixer a': Goodye.:lr-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 molding 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 cc.··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 ~ack the material into 

the cavity and to assure uniform distrlbution. 

The layup process was one of the most tedious, but one of the 

most important aspects of the molding step. The molding ~owder 

has essentially no flow, thus it must be chysically distri
buted and leveled within the mold before it is heated. In the 

compression molding step the temporary picture frru;.e is removed 
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(b) The molding can pound was cast 
onto a t:eat.ed J ft x 10 ft 
uluminum caul she~t at SSP 
using a picture frame to 
gage thickness. 

(a) At SRC the compound was 
screened to remove large 
unprocessed bagasse 
chunks, dried to remove 
moisture, mixed with 
phenolic powder. and 
· ... eighed and bagged into 
lots the size needed for 
one panel . 

(c) A treated aluminum caul sheet 
was placed over the cast com
pound completing the mold. 

'tigur~ 49. Furt~~!" f::-oce:;s::1q · .... as ::onducted on the BRP ccmpound 
at t:''2 .Scien:::i: ?csear-:h Council (SRC) and then 
dell~Q!"ed to Stand~r~ Building Products (S8P) I 

S[:Clnlsh l'CWr1, 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""sirnplifies 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 (135°C) and preset 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 IS-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 t3pes, 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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(b) Inse:~ed in:: ch~ ~ress 
were. c~e :''';0 ':.:-':..:-. al'.:.mi
num caul sheets contain
ing t~e leveled compound. 

(a) A 5 ~t ~ 10 ft heated 
hydraulic laminating 
press was used for 
molding. 

(C) ~~e caul sheets and pa:'.el 
·..,ere removed ::CI:l c:,e 
;=iress . .., ... th vacuUIlI chucks 
and se~a:~tec :rom each 
ocher sL~ply by li!tlng 
apart. 

:l.;ure 50. :~c~~and3 0: s~uare feet of 2.5 :t x 9 :t 
3?l' ~ar.c:'~ · ... as c::n':'uc,:.;!d in the lami:-.ati::g press at 
Sta::card 3ui~dl::g ?roeucts. 
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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 i976. 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 provideG r 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 

inte=vals. The pitch of the roof is 10°, easily accoMmodated 
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(b) Roofing of the corrugatad 
aluminum type is only 
partially provided in the 
Hunts 3ay homes anc then 
just over the core bath
room area . 

'. ,"'...~.,. . ~,."": .. 
'. 

(a) The Hunts Bay homes fit 
into the category of 
low cost augmented by 
the efforts of the 
purchaser. 

. .... 
t: , 

(c) ~e homes are quads joined 
a~ ~heir bath:oom ceres 
~hich fo~s a single roof 
element of :~O sq ft used 
in ~~e ~e~nstra~~on. 

Figure 51. Some ~: t~e houses sel~~ted :or roo:ing in Jamaica were of 
se!:-he:p t'l?e i~ t~e World Sank, Hunts Bay Site and Serv~:e 
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 0
, 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 e~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 I 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 co~ld also be trimmed with a 

pocket knife allowing intricate hand fitting. 

Roofs were fabricated as described above with the carpenter 

first laying down the I in. x 2 in. lathing on I ft spacinq 

(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~r 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 i!; anti~ipated 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 30°. 

Fabrication of. the roofs was straightforward; only one problem 

was observed. This ?roblem was that the shingles were slightly 

warped. w~en nailed down with two rows of nails this was 
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(a) ~ mock up roof section was 
designed and put toge~,er 
by the carpenter using 

.,." , 
• I 

12 in. x 24 in. shingles 
to determine in advance 
nailabi li ty . 

(b) ~he shingles were nailed 
with one inch large hea~ 
galvanized s~eel nails 
to the same lathing as 
used :or the corr~gated 
aluminum. 

(c) ~r.e shingles could =e 
trimmed wi~h a ~ni:e 
or c~t with a saw ~uch 
like .... ood. 

7~c 5~P reofs were installed at Hunts Bay as 26 in. 
x 5: in. f:at shingles by a s~illed car?enter us:r.g 
or.:,:' 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 th_ 

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 r~maining 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 roo:ing test panels that are presently on their exposure 

fence (amounting to at least 100 square feet 0: exposed surface). 

Continued evaluation 0: 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 o~ 
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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 advisor.y com-

mittee will continue to function and be appraised of the 

situation with respect to the performance of the 'larious roofing 

materials as time goes on. When they are fully s,3.tisfied 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 ur?0n futu:!."'e funding ei ther by the Jamaica 

government, industry, AID, or other international organizations. 

A roof was also fabricated from pa~nted corrugated 2.5 ft x 7 ft 

BOB oan~ls. These panels were manufactured at the Universit~ 

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 ~lOO sq ft roof. The decails of this 

construction are contained in _!;e 26 October J.977 report in 

Aopendix F Gar.,· -clly, the i:1stalla ~on went ,.,rell with the 

only problem bein~ the slightly greater tha:1 desired panel 

thickness. It is necessary to overlan 4 ?anels in a roof con

struction and these 4 layers ended up beins relatively thick. 

An i~?roved manufacturing process (and mold) will eliminate 

this problem. The installation and roof a~e shown in Figure 53. 

A discussion of the molds is contained in Appendix J. 
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(b) 7he roof had an a:ea of 
lJO sq ~t a~d i3 locateL 
on a s~ed at the Scientific 
Resea:ch Council. 

(a) The corrugated panels were 
2.5 ft x 7 ft and were in
stalled like any ocher 
corrugated panel would be 
in Jamaica. 

(cl Aluminum roofi~g ~ails and 
wood ~illets for corrugated 
aluminum or cement asbestos 
sheets · ... ere '.Jsed . 

:i;t!~-2 53. . ; =:c: was installed in Ja1laica cons;.sting of full-size 
:;ai:'. ::ad ccr::·.lgated 3GB panels representing one of the 
lower cost ap~roaches. 
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3.3.3 Ghana - Roofing 

The facilities reauired 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 temper
ature steam to heat the molds properly for the BRR did not exist. 
Thus, BRR material was compounded and fabricated into flexible 
sheets, ~ut adequately rigid roofing shingles could not be made. 
In spite of this shortcoming, the techno1oqj for manufacturing 
the BRR oroduct was demonstrated by Ghana Rubber Products Ltd. 
In November 1977 a quantity of BRP roofinq shinq1es were manu
factured and a roof constructed in Accra. 

The effort in Ghana con~isted 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 ~~bber Products 

Ltd. ) . 

The experimental program encompassed the work done by the 

Advisory Committee, the Working Group and the ~RC team in 

Ghana. The manu:acturing demonstration included only the 

direct e:fort applicable to manufacture of roofing panels. 

Th2 const=uction e::ort incor~orated accumulated thoughts and 

co~~i~~ents to install roo:s 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 yea~ and a half later 

than the other two. Consequently, lessons learned in Jamaica 

and the Philippines were able to be utilized to great advantage, 

signifi.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 
exoertise 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 qround 
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 equipm~nt requiring foreig~ 

exchange were to be supplied by AID contract funds, but any 

purchases that could be satisfied with local currency would be 

made available by BR~I. 

BRRI assigned one man full time to the project, to be available 

through its completion (at least 24 months). Supporting person

nel were also co~~itted as required :or the program. This 

includ9c supervisory a~d technician personnel, and those indi

viduals from within ERRI, the Council for Scientific 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-econo~ic 

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, 

v~rify, 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 Buildin(; 

and Roads Research Institute, a roofing advisory committee made 

up primarily of individuals from BRRI, Ghana Rubbe= P=oducts 

Ltd., and the AID-sp0~sored ~onsanto Research Corporation 

project team. The overall coordination of the program in Ghana 

was handled by Dr. de Graft-Johnson. ~=. Kofi Cbeng, the techni

cal investigator for BRRI, was supervised by ~r. A. K. Chatte=jee, 

Chief Research Officer for ~aterials. Some ~eneral coordinat~or., 

especially with respect to outdoor exposure was provided by ~=. 

Okye=e. 

Support in the area of defining reef criteria and selecti~n 0: 
houses was provided by ~r. John ~eutqugah, Research Officer, 

Arch i tectural Div i s ion and ~r. Af e le, an archi tec+: invo 1 'led ':"n 

rural housing schemes. Dr. B. 3iswas, Senior ASsoclatc Professor 

of the Depart:nent of C:-.e::tistry, US':', provide:' techn':"cal s'J?;::ort, 
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~specially 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 e~uicment ~r.evented 

s~all-scale work from bei~g conducted. ~his, 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 ?o~nt. 

Interest also existed in the BRP system, and small panels were 

to be ~olded at BRRI from bagasse processed at Ghana Rubber 

Products just for this purpose. Laboratory work was also 

conducted on the BOD syste~ with respect to refining bagasse 

fibers, adding liquid phenolic resins, and molding laboratory 

s?eci~ens. Orientation was cmitted, however, since extractors 

could not be located. 

7he very significant difference in these rcofing systems ccmparec 

to uS~31 construction materials handled by eRRI Made experi~ental 

work difficult bAcause the necessary lab equi?~~nt ~as not 

ava~13ble. However, the experiment3l wor~ co~ducted wns highly 

effective i~ tra~sf~rrlng the technology to the individuals 

involved by giving them a feel for the type systems being 

considered. 
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BRR! was able to provide outdoor exposure for candidate roofing 

test coupons made at MRC's Dayton Laboratory. The particular 

exposure at BRR! 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 BRR! 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 loore representative of roofing for low cost 

housing. Such a placement of ?anels 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 45° angle (where water is normally 

drained away). 

The fact that severe water and humidity exposure was introduced 

was refJected on com~osite control samoles that deteriorated very 

rapidly and exhibited extreme mold growth (blackening) ccmpared 

with similar sa~ples set out on 45° racks. ~he better systems, 

includinq the ERR, BOB, B?T and .9RP, all per:orrned ',Jell. ':'hese 

outdoor exposures pro'/ided strong support :or their recorr~ended 

use, not only in Ghana, but in Jamaica and the ?hili?cines as 

well. Exposure 0: =hese S?eClrnens will continue and, BRRI :5 

to ~a~e ins?ectio~s an~ reccri observations ever at least t~e 

next ten fears. 

Presently there is no excess bagasse in Ghana, and although 

additional sugar ~ills are planned with the intent of making 

Ghana self-su:ficien: 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 £,robably have a gCvd 

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 bee~ 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 

combi~ed effort between BRRI and Gha~a Rubber Products Ltd. 

The immediate future of the BRR roofing system in Ghana will 

de?end upon the reliability of this system, which is prcjccted 

as belng good. One such experiment is shown in Figure 54 and 

discussed i~ Appendix G where mahogany wood shavings were sub

stituted for h~lf 0: the basasse. 

Parallel with the laboratory experimental work was an infcrma

t ional excllilnge ..... i th the res t of the technical · .... orking group. 

This ~ept those, who were to eventually be involved in the 

program, up to date on the ~ateri~ls deve)opment a~d the nature 

of the ~roduct3 to be manufactured. The work conducted was 

descrlbed i~ det~il with thc various participants, in meetings 
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(h) T~e Sanbur, p~ocessed 
product con taining ' .... ood 
shav~ngs was muc~ finer 
and lacked good, long 
bagasse :~~ers desirable 
for tensile strength. 

. " 

J 

(a) Mahogany wood shavings 
from a furniture factory 
are ab~~dantly available • 

(:-) ?ar.e!.s ~l::;:.::g :r:lr.l .: ~.:: 

5J ?e~=e:-.·. ~: · ... ooe sr.Zo·:
lnqs l~ ~:l:~ ~~ t~e 

baqas3e · .... ere exa:.,!.::ed, 

""~. . ':. ..... ". ':-. ... 
" t.~ 

~ . 
::l ... :"oc.):':'::' J.'I:.ib::'la :na:icgan: '..,cod shavings '..,ere substi-;'.l1:ec 

:0r 3 ~cr:i~~ Q: :~e =agasse in a 3RE fo~ulatior. a: 
Jh~~J. s~~te= ?rod~c:s, Ac=r~. 
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with both groups and individuals. At the same time, assistanc~ 

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 range~ 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 - Manufacturing 

Practical demonstrations of the manufacture of both the bagasse
reinforced hard rubber a~d bagasse-reinforced 9henolic 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 RRR roofing comcound were manufactured, but could not be con
verted to rigid shingles because of the lack of availability of 
~olding 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 in ~ovember 1977. 

Details of the demonstration project plan, results, and sug

gested :uture work are represented in three re90rts reproduced 

in A?pendix G. The project plans are contained in the re~ort 
da~ed 12 August 1976, and the changes in these olans, results, 

modifications and recon~e~ded :u~ure work are contained in the 

reports dated 25 Oc~ober 1976 and 11 ~ove~be= 1977. The re~orts 

atteM~ted to ite~ize coin~-by-~oin~ both what was done and who 
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was to do it, along with continqent olans 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 ERRI. 

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 progrw~ 

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 ~onsanto 

Research Corporation. The bulk of the raw materials (84%) 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 ~aterials (16%) consisting of chlorinated ?araffin oil, 

magnesium oxide ?igment, stabilizers, accelerator, and fi=e 

retardants were i~?orted from the United States by MRC under 
the AID contract. Reiss and Company, Accra, provided valuable 

assistance in facilitating im~ortation at no COSt to ~~e progra~. 

The conversion of the raw materials into a 3R~ roofing conpcu~d 

was conducted at one primary site. The drying o~eration was 

done in a plant down the street from the site. The primary site 

was the Ghana Rubber Products Ltd. plant in the industrial a=ea 

of the capital and sea?or~ city of Accra. 
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The bagasse was fi=st dried within burlap sacks (sugar bags) ~n 

a wood kiln located in a plant near Ghana Rubber Products. Dry4 ---.. 
ing required two days because the bagasse was contained within 

the bags and because of the relatively ponr drying efficiency 

of the kiln. After drying, the bagasse was transferred into 

plastic polyethylene bags to prevent moisture pickup, ana y~S 

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 compounding all of the ingredi

ents together into a COlT,pound 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 blocy. 

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 sulfu=, 

since temperatures high enough to set off curing of the system 

we=e not gene=ated du=ing the processing. The accelerator was 

added about two minutes before dropping the material and the 

sul:u= about one minute before drop~ing to insure t~at no 

curing (crosslinking) took place within the Banbury. ~o 

problems were encountered in this process stage. It was a 

direct scale up of the labora~ory process. 
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(b) R~ber in the form of 
s~oked s~eet from Ghana 
was introduced into the 
Banbury after the bagasse. 

(a) The intensive mixer had 
a capaci.ty of 90 pounds 
of product, over half of 
which was bagasse, here 
shown being introduced 
into the throat. 

(:) 7he compcu::ded ;roduc~ 
::cm ~~e Ea~bury is i~ 
~~e :~~ of l lar~~, 
:-.0':. ::-,ur.i<. 

':';'c 2;;_'::. ::1.]'Ccri.:J.l ',,'.:1.3 c::::-.!,)ol!nced at G~ana Fllbber ?rcc'..lCtS 
:~ J. 3.l:'.:::;r: :,l'C~:1'::;:':e ;':1i.xer nonally used to cCt'lpcu:-.d 
i:,.g:-~,::'c~I':~ :cr :~.!.bte!" ~::oCUC~..3 such as 3~ces. 
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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 fu=ther refined the compound from a 

relatively coarse, thick sheet to a uniform sheet with a thick

ness slightly greater than that finally desi=ed. This was 

achieved by calendering on a two roll mill and batching off 

sheets about 26 in. wide,S ft long, and about 1/8 in. thick. 

This was the simplest form of a calender (two =011s), but was 

adequate for the job and was a part of routine processing. 

Again, no changes in standard operating procedures or equipment 

were requi=ed. These ope=ations are sf.own in Figure 56. 

Following ~he calendering, the large sheets were laid on a 

woeden table and a metal "picture frame" wit:l a cavity was 

used as a guide to t=i~ out 24 in. x 24 in. pieces for 

insertion i~to a mold. Brass knives were used for cutting 

the rubber compound sheets to size. 

The control finally used to determine the desirable thickness 

:0= this sheet was its weight. It was assumed that the 

ma:erial ~o be inserted ir.to the mold 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 ~rocess 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, stea~-hea~ed press, with a hydraulic pressure 

application system. It was in a building with about six other 

similar presses. They are used on a 24 hou~ basis in the 

manufacturing plant. 

The ~olding process consisted of the following steps. Firs~ 

the mold surfaces we~e 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 about 300°F. The 

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 tenperatures of no greater than 30QoF could be achieved 

with the existing plant system. Molding temperatures are very 

critical with the BRR system and below 325°F longer times 

cannot make up for lower temperatures. ~olding at these lower 

temperatures produced only semi-rigid panels \vhich were not 

dee~ed adequate for the roofing demonstration. They May have 

some utility in the future, especially if som~ sort of cor

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. 

T~is 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 any 

time t~at temperatures of at least 325°: 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 9roduct and therefore are purchasing a 

new boiler which should be installed anQ in ooeration early in 

1978. This is a very sizable commitment.which helos 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 19 7 7). 

The details of this 9lant 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 containe~ 

a filler consisting of 75% bagasse and 25% mahogony wood shav

inqs. The manufacturing went like clock work usinq 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. roof.nq 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 Roofinq Demonstration - Construction 
: 

One roof of ~lnO so ft was installed using 10 in. x 20 in. BRP 
shinqles at the C.S.I.R. Secretariet in Accra. ~o eRR roofs were 
actually fabricated since shingles could not be manufactured. 
However, plans were developed for fabricating BRR roofs by BRRI 
utilizinq a low cost rural housing scheme. It is hOQed that 
BRR roofs will actually be constructed in 1978 based on these 
plans using shinales to be manufactured by Ghana Rubber Products. 
Lona-term Jerfo~ance of the roofinq installations will be 
monitored bv the Building and Roads Research Institute. 

The houses to be ~oofed ~e=e 5elec~ed by the Building and Roa2~ 

Research Institute (ERRI) and were to be comoatible with their 
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(b) Two ;:anels were :told-ad 
limul:aneocaly on a 1.5 
minute ~/cl. 1n a tive 
openi~9 hydraulic pre •• 
~intain.d at 280~F . 

(a) BRP molding compound vas 
cast on to treated alum!. 
n~ caul, using a plywood 
spacer to 9aqa th1ck.., .... 

Ie) 21 in. It 21 in. It 0.1 in. 
ilan.lI · .... re re::\oved !ra:l 
t.":.e :II01d ~ot, l.~t '::0 

cool and than COolt wi : h " 
circul~t .aw into 10 in. 
It 20 in. Jh!!'Iql ... 

figure 57. BR? shinql~s · .. ·ere ::Ianu!actured olt uhan,s Rubber rroc!uc:t. 
usinq 4 am.ll 4DGa~ly I1no opdrat1on and the lame 
facil~ties used to ~Ake the BRR panels. 
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planning with res?ect to low cost housinq, esnecially 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 approoriate type and size (with resoect 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 ~itch (1 ft in 4 ft) which could accomodate a shingle tyoe 

system. The building had a floor area of 60 sq ft and thus 

required ~J100 sq it 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 outsid~ parties. 

It was under construction in November 1977 when the BRP shinales 

were made available. 

The roof consisted of 10 in. x 20 in. BRP shingles nailed to 

1/2 in. x 2 in. ourlins snac~~ 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 comple~ed roof in Figure 4. 

The plans fo~ defining additional houses and detailin~ their 

construc~ion are presented in the 25 October 1976 renort in 

Apcend:x G. The ho~sing scheme is a rural one beinq develoned 

at 3~?~ through ~r. A~ele. Various tyoe ho~ses and housina 

arrange~ents are being considered in this housinq scheme. Some 

have bee~ tried, with various degrees of success, and further 

work is being restructured to remedy initial objections. 
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(b) The exposed por~ion of elle 
shingles was only 3.5 x 
20 in. to help achieve a 
rustic appearance. 

(a) Purlins consisted of lath
ing nailed on 3.5 in. 
centers to form a strong, 
wind-resistant roof. 

(cl Tho si~gles were ~ai!ed 
with 1 In. flat head 
galvanized ~al:s and 
were ~ut with ~and saws 
~cr proper ::.t. 

;lgur'.! sa. Con5~r·...lC~1\Jn 0: t::.:.! 3R? roof ',.,as por~or:ned at t."e C.S.I.?. 
3~cr~:~r~~~ ~~ rlCC=3 =y t~cir :3rpenters ~s~ng avai!a=l~ 
tool:;. 
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It appeared during discussions on the rural housing scheme that 

materials of construction presented no real proble~s, except thll 

use of more indigenous materials w~s 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 mc=e 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 anticioated that a roofing d~monstration using the BRR 
system will ta~e place in 1978 th~ough the efforts of Ghana 
Rubber Products and BRRI. It i. recommended that the orimary 
intent of ~he demonstration be to make materials, f.abricate 
roofs from them, and initiate a test for their durability under 
Ghana climatic, er.viron~ental and socio-economic conditions. 
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Then, while further developmental efforts with respect to roof
ing 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-roofing 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 type: of refined bagasse were transported to the ~ational 

Housing C~rporation where they were dry-blended in a ce~ent 

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 ~ational Housing Corporation particle 
board plant processi~g equipment to determine whether this type 

of refined bagasse could be used i~ the SRP 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 tu 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 wal~ 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 plywo)d 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 optL~um ratio of bagasse to wood chips in the composite 
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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 260°F and even at 3 minutes at 300°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 glcc 

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 inst~nces 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 manu:actur

ing building panels, based on wood chip-extended, bagasse-=ein

forced phenolic composites had been demonstrated. This was j~dged 
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(a) The processed bagasse 
' .. as blended ' .. i t!1 the 
phenolic res~n ~nd wood 
chips in a concrete 
mlxe: to achieve uni
t'or.nit:t. 

tJn a .::sul :;:-.~e-:., '''i~~~ ~~t! 

pan r~ovcd. W~~ :~vcred 
and inser~e~ ~n~c ~ ~old-

1ng press to b~ dcnslfied 
And ngl;h;cd, 

(b) ':'he compound ' .. as cast 
into ?ans id~al!l su~:ec 
:or its dry nat~re an= 
leveled with c~s. 

( -I ,", ~o:je! ?dnQ~S ~c:e re
~OV~! ~==~ t~c ~:eS3 l~! 
tr:';~.:~'\f.!j -:0 Jl:e ·tllt.; !.!',..'i. 

Figure 59. ;::'I.:r :':. X 16 ft ~d.nt!15 of ',",coe c!11;; .~:<t0::d,,~'~ 2:': 
::lat~ri.11 '"erc :nan~f.lct';=·1C :..~ :;1''; :;.l'~:..'.:r..l:' ;iC'.~3:';-.'-: 

Cor~oratlCn p.lr':.icl~ tCd.rd ~l.lnt 1:: :h:"=~::USl~S 

from l/a :0 ~/: incn. 
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from the physical properties and the anticipated material 

manufacturing costs. These materials can be manufactured on !I 

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/for~aldehyde-bonded 

wood chip particle board. 

Finally, the anticipa~ed 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/:ormaldehyde) resins was successfullY 

introduced to ~HC personnel, effecting the technology trans:er 

in the processing and curing of these resins. 
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NHC 
Particle 

Board 
Plant 

Manufacture 
of Structural Panels 

for Construction uses 
from Modified - BR P System 

Construction of Houses 

from Modi fi ed - BR P 

Structural Panels 

Figure 60. The 8N' material syst2m is high!.,! ta:'lorable · .... i':h =espect 
to lowering of cost while =etai~i~g s~ructura: integrity 
necessary for construction mater:'als. ~~is was demon
strated in the Phili?pines. 
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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 cornmited to a careful consider

ation of the environmental implication:. of all AID-supported 

projects. Accordingly, all AID projects must include an 

"initial environmental examination II 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 oIlly 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 Qualit~ 

In three of the four processes developed, including the ones 

most li~ely to be implemented for wide scale use, there are 

no by-products introduced into the ?lant 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 r2cucing 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 excesi. Govern

ment planners project that increasing sugar production (already 

scheduled) will insure excess which could be diverted to roof

ing in about 3 years. ~, interim use of bagasse in quantity 

for roofing would require that the sugar mills convert to 

residual oil firing (from Ghanian ~etroleum refining). The 

Gcve r:1Ii,en t of Ghana re?orted 1:; 'tJo'J ld like to "encourage" usage 

of the excess residual oil for fUEl a?p1ications. 
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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 binder, 

there is a limited market for this bagasse board, and the plant 

(Standard ~~ilding 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 

produc~ion should have no negative enviro~~ental impact. How

ever, positive benefits (increased markets, employmen~, etc.) 

should result from full utilization of this natural renewable 

resource. 

~atural rubber is not produced in Jamaica, and th\~re 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 th~ 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 ~ontent. As a 

result, bagasse will burn only slowly and c18anly (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. Ad~itives can be used 

to upgra~e the fire resistance of the composite. However, as 

in the United States, fire retar~ant ad~itives can introduce 

problems of their own in the way of undesirable smoke ar.d 

fumes - if the materials are burned by a Se?ar3te source of 

fuel. 

Consequently, a lcwest cost" anc a "fire ret.ardant" formulation 

for each of che ~our c~ndidate roofing ?roducts was dcvelope~. 

Interest in the three ~ar~ici?atins countries has been greatest 

;naterial. As J. 'v, Cedrc, ?la:--.: S'J?erinte::dc:1':. at t.::e ~~J.ticnal 
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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 ex?osed to it may be used for drinking. 

The the~oplastic resins s~sgested are also used for cups and 

glasses where the water will be drunk. 

In scwe of the lL~ite~ ?rcduction of roofing ~a~erial to date, 

we have ~sed a highly effec~ive ~3ter insoluble fungistate 

as "insurance" aSain5~ ~old srowth. This ~unsi5tat will be 

replaced with one havin~ FJA a~~roval for use in fcods, 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". 

Thi.:5 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 avail

able in the three participati~g countries. Four different pro

ducts, and processes to manufacture them, were develored 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 cor

rugated, composite panel. Raw material costs for these four 

composites range from US 6c-12c/lb. At the anticipated roofing 

panel thickness, costs/:t 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 (Philip;')ines, Ghana, and Jamaica)". 

This goal has alsc bQen substantially achieved. Manufacture of 

at least two of the :o~r types 0: products developed was d~~on

strated on a "plant scale" in each of the three countries. Suf

ficient roofing m~te~i~~ ~~~ ?~sd~ced to roof four houses in the 

Philippines, one in Gh~na, )r.c eisht in Ja~aica. 
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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. 

4.2 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 materiais were developed. 

For each 0: the :ou= rocfi~s ?roducts an economical 

process, that u~i:ized equi~~ent and :acilties avail

able in the developing countries, was d~fined. The 

pr.ocesscs are ada~~able for mass ?roduction 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 ~igh 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 ta iling s or "red mud II can be bond~ 1 with thermo

setting 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 ~aterial character

istics (as expected), with cost being of over-riding 
importance. 

A totally indiseno~s resin binder 5ysta~ was not achieved 
in any of t~e three countries. Even locally grown natural 

rubber (Philippines, Ghana) resuired ~inor percentages of 
imported vulca~izd~ion chemicals, and locally produced 

phenol/for~aldehy~0 resin (Philippines) req~ire5 imported 

phenol. HOWQV2r, con?~c:~ "i~~i;enuity," or 13ck of it, 

was found to t~ l~ss ~mpor~~nt to the ~roject than vis~al

ized at the OU~EQ:. 
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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

zation~ 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 impl~~entation of 

the program and successful completion of the technology 

transfer. 

Person-to-?erson contact was :ound to be essential to 

efficient technology tr~nsfe=. 

Locating ~nd utilizing a single, qualified, enthusiastic 
coll~borator to coo~dinate t~e effort in each participating 

country was ~lso essen~ial. 
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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. 



6. REFERENCES 

1. "Roofing in Developing Countries, Research for New Technol

ogies," National Academy of Sciences, National Research 
Council, Washington, D. C., 1974. 

2. "Development of Low-Cost Roofing from Indigenous Materials 

in Developing Nations," First Annual Report, Contract No. 

AID/CM/ta-C-73-12, ~onsanto Research Corporation, Ival o. 
Salyer, George L. Ball III, et. al., 30 July 1974. 

3. "Development of Low-Cost Roofing from Indigenous Materials 

in Developing Nations," Second Annual Report, Contract No. 
AID/C~/ta-C-73-12, Monsanto Research Corporation, George L. 

Ball III, et. al., 1P December 1975. 

243 



APP.c:'!NDIX A 

CONTRACT STA TEMENT OF WORK 

PrevioUS Parie Blank .. 
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CON~RACT STATEMENT OF WORK 

The Contractor shall m~ke available and employ its research 

and dev~lopment facilities and personnel to carry out a three

year research and development program 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 ~o wear, and with thermal and ether properties 
suitable to the tropics and socia-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 1s to provide a key ingredient for DC roofing 

that can maximize utilizat:on of loca: natural resources, 
-.; 

surplus manpower, and limited rnanufa~turing capabilities, in 

producing a cheaper and better preduc~ than is now available. 

Targets are JC low-cost housing pro~ects and develo~ment ef 
village level industry or self-he:j methodology. 
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Phase I - Material and Process Development; and Socia-Economic 

Base Study 

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 characteristics), as geo
graphical sites for demonstration purposes; 

(b) selection of local personnel and institutions for col

laboration; 

(c) collection for analytical testing of co~~only available 

native fibers, fille~s, 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 pertinen~ literature on DC 

roofing needs, on exis:ing reofing ~aterials and types 
in both developed and developing countries, on related 

pro~ects, experiments and potentials, to avoid dupli

cation and to utilize earlier exper~ence; 

(e) study of :he build~ng styles, tr~nds, codes, structural 
characteristi:s, total costs, foreign cur~ency costs, 
and the organi:a:ion and infrastruc~urc con:rolling new 

low-cost housing c:ns~r~c:~:n, beth ~n :~~ge~ housing 

projects and in 3e:~-r.e:p or villa~e and :own-level loca: 
constr\..:ction; 

(f) study of the soc~al, c~ltura:, market:ng and economic 
constraints and cha~ac:eris:ics which would in~lbit or 

enhance accep:anc~ ~~ new ~oofin~ ma~erials and styles; 

., ... .. .,. 



(g) study of the local labor market pertinent, to roofing 

manufacture, distribution, self-help processes, etc., 

including quality and trends, and 

(h) initiatiun of processing techniques, testing and pre
liminary design. 

Phase II - Design, Manufacture, Testing and Evaluation of 

Pr~totype 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 :11 - Manufacture and Field Testing of :ull-Scale 

Roofing 

Upon acceptance by A!D of fully tested and success~ul proto
type(s), in Phase III canstr~c~ a total of at :east 12 full-

scale roofs with lcca: ~anpower, and evaluate 1~ company with 
local cf~icials. ?~r:i:ular at~e~tion will be ~laced on 
socio-ecor.omic fac:ors in :er~s of acc~otabi:i:y ~~ the new 

the t~~a: c~st, the leve: o~ !nvc:ve~en~ of ~~s~!l:ed and 

semi-~k!l:ed lator, the expected ~~r~or~a~ce charac:eristics 
(thermal, acoustic, durabi:i~y, s~rength, lo~gevity, etc.), 
the encoura~emen: of develcpment c~ local industry, the 

utiliza~ion of :hea~ a~d p:e~:iful ~ibers and ~!llers, or 

aspec:s. 

2~3 



APPENDIX B 

SELECTED TYPICAL LETTERS OF INTEREST AND/OR INTEREST IN 
PROGRAM AND MATERIALS IN PHILIPPINES, JAMAICA, AND GHANA 

Letter Stand~(rd 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. 
'.0.10.28, $pen,'" Town, Jemeic8. T"ephone: Mot·22I6. Clbl.: Sr.bilprOd. T.'III: 2288, Codj,Ico, Jlmlic8, W.1. 

MI"'. Geol"'Qe L. Ball III 
Project Leader, 
US-AID Roofing Progl"'amme 
Monsanto Research COr"pOl"'ation, 
1515 Nicholas Road~ 
Dayton, Ohio 45407, 
U.S.A. 

Deal'" Geol"'ge: 

March 9, 1976 

RI\IC:hg 

I am in receipt of your lettel'" of Febl"'Uary 23, 1976 I"'egar"ding 
Standal"'d Building Products' pal"'tictpation in the Us-AID Roofing 
Progl"'amme, and this letter will serve as our commitment to 
participate in this programme in accol"'dance with the cl"'itel"'ia 
set fol"'th on pages tvvo, three and four of the above-mer'ltioned 
letter. 

An raw materials to be supplied by Standard Building Products 
Limited in order to i~plement this programme are curl"'ently 
In inventory at Standard BuHding Products Limited and have 
been reserved for your use. There wilt be no cnarge for these 
raw materials. 

It is our intention to locate your wet-depithing, washing, mat
forming and lay-up equioment in our Laminating Plant which is 
the building that currently houses our single oper'ling dayUght 
4' x 1()' Hot ?ress. We would further anticipate the preparation 
of the roofing panels by an application of a preservative (Penta) 
and the appttc.:1~ion of the aluminized asphalt paint at our Factory. 

Needless to sayan laboratcr"'.1 and quality control facilities shall 
be put at ycur dis~osal. 

,- . .. ., .. 



Mr. George L. Ball III -2- March 9, 1976 

----------~---------------------------------------

We would be most interested in having, at you!'" earUest 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 Bul1ding 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 n.m. 

Yours sincerely, 
Standard Buildin 

.~ 

N. Coming J~ 

ducts Limited 

resident & Chief ecutive Officer 

cc: I. O. Salyer, MRC, Dayton 

Alrrico D. Adams, DO'.Jet, Brown, Adams & Partners, 
7 Lismore Avenue, Kingston 5, Jamaica. 

Technical Director'. Scientific Resear"'Ch CouncU, 
P.O. Box 350, Kingston 6, Jamaica. 

Dr. Thomas Hughes, Dept. of Physics, UWl, Kgn.6. Jamaica 

Mt'. Nick J. Mariani, Pr"'Ogramme Cfficer, Us-AID Mission to 
Jamaica, Duke Street, Kingston, Jamaica. 

Mr. Douglas \Nynter, Technical Director - R&D, SSP, Jamaica • 

., ~ . 
... "' .. 



1109 I I'-E' 10, 1976 

1Ir. .1ct J. lllU'aaU 
hc9r-- OfUc&~ 
OIAID .u..1OD to .7-.1c:a 
Dake SUMt 
IDGrKII 

!!l1. letter U to 1Ad.1ca.t.e OU' put1cipaUCIl, coafideDc. aDC! 1JataJ: •• t 1A the 
__ phcaol1c boDU4 roofJ.D9 Murial drNloped bf ... uto .. MUCh Corpo
nt.1C11l through AIl) Wuhinqt.aa. 

'ir.t, we well n.li •• ~ potential ot baq .... PI'odw:t. to)r COQ'~OD in 
Jeaa.1ca to red=- bouaiDq co.u and ainia1M toni9B uchuq. ~t.a. 
We, infact, uautac:n..r. ~ .... baud that 18 ued tor interior ~~iOl1 
and tunitlD'.. Mben.u, there b a bz'o&4 II&rket tor our bo&rd, it il DOt 
luitable tor exurior application OD _11., root1A9 aneS or feDOia9. w. t .. l 
that the deue pbQo i..ic: bcm4ed roo tiDq peel de .. lOI*i throaqh JOG ot ter. • 
_y to better utili •• OUZ' iDch.9'DOU ba9UM 1a JaMic •• 

our conticSence aceS u.ta.r .. t OD thil proci.ct 18 ntlKte4 in our part'..icipatioa 
in tM R , D proqr .... ot ICaa.Anto iMurch Corporatioa owr the palt two 
y--.n. Thi. partici .. t..1011 18 DOW retlected in a pilot .anal.et ..... of about 
6000 .quar. fe.t ot root ah.iA91e. tor wta.1ch .. an ooat.dbutiD9 facillti •• , 
.anpowu- u4 the ... i.t.&Dce of oar techaic&l. ltatf or:.bine4 (AD'. 1D kiA4 COQ

tributioa ot ~pl'Ozi.Mtel1 $.0,(00) n. roof ab.iaql •• lboQleS aU be MDU

factu.red by Deceliber 15. 

U J'O\I are prob&bly aware the a&.DlIlactur. ot 6000 8q1I&h t .. t ot ahi.nqle. 18 
to provide uperi.-t&l. root. to d..:mlt.rate the ctCI1'ability and practi~lity 
ot the root1nq .. teriAl ill J&MI.ica t.Ct!er 01U' local _~1%'C'1U1eotAl, .. ath.r aDd 
... coocU tiou. N •• cS.d tMn i. a de .. J..ot-ant ~ to detiM the 80et 
reU&bl. ud aoo.ptabl. rootiD9 ."It..a for: th18 .tubl. 

By MAn. ot ill. l.ttar I .. foJ:a&lly requ ... tiDq that OS AID prmide ... irtuce 
to U8 ia the -,y of technical .~rt frc..Mon.unto "March Corporation, ud 
the Jaaaica. Scientific a. .. arch CQuacil ud. ~ DeOeaMry .. tari.&ll, tocl.b9, 
.ta. to ooDd1lCt aw c:o.plAta the deftl~t p~. 

CDDt ' eS ••••••••• /2 

.,: ~ 
_J .. 

• ',': ~ 5 :.. '. -; :;:: S E .:. M ..: - =.: ~ ~ : = ~ - :: fl. • 

http:manufact.re


- 2 - ... ,.~ 10, 117. 

Ia uaM.... 1 otfer oU' uthui.&l*, faoiliU .. -.4 .Wt to ..,,4.4 •• the 
nnlta of t!ae deftl4Ul IDt PZ'OfZ'- u4 rill ata.pt to ... aft1lab1. 
aDd ~1u the zoof1A9 _tarial 0IIIDe the t .... ial nnlta u4 
ec»ph,.' .. tnt. that it i. ri9llt faa- J=rioa ad .u .... d 1wi1tb9 
'IM~ Ltd. 

Inn f&ithtuUr, 
ftMIDUD IClU)DQ ~ LIIi1'fiD 

I , 
'a.e. iUfr1oo~, ~t, 8rcMl I I.4aIa 

'fechnJ.e&1 Dinctor, Sciatitic "HU'Ch COUacil 
Al 11cbar48, lI1a1at.ry of JIouiD9 
~. L. kll, .... MDto ..... mb Cozpont.ioa 



GHANA AUS8EA 

Tal: 2'''' 
T.l •• : 2088 
C.bl.: Ghenuhau 

Our Ref: :;4/29~9 

Mr. C9Ot'lJ9 L. 8all Ul, 
c/o r.com 27, 
Tho AmCassaccr f-+.Jtal, 
ACC'=lA. 

Ded.l' ~.:r. :J.Jll, 

PRODUCTS LTD 

P. O. BOll 1CS 
Accra, 
Ghena. 

2:3rd filrU. 1976 

Fulluwing the di.scussicns hsld in our offices on T:,ursday, the 
15th of t"prU, we \'iish to coofir"ln =ur continued ini:2n!st in 
t'la fibrs rainf-=rcad rt..~t::9r ruofLng ;.atarial Pr.::J~ect. Cur 
~r.'pa(1y i.:. willi..-.g t:J partici,:d::3 i.1 tha 8>;J~iJ:'I8ntal. stages 
of th!.s ~ .. "'OJect and we ur.c~rt.:l"a to :nix a trW ~at:ch t~ugi1 
our C..3I1cw-y and Cal3r.C3.!'" ~'Jr-:ng ':e~' 'Jr w;;~ne'Jsr c"':s r.ateri.313 
can bs :7Iade available. It is under!itcod tmt th'3 illitial 
trial ba;:ch will ba :l.pproxiTetaly t\ioru :;ip.tri.: t.::ns. 

At the ear:iest c~portun1ty .'19 ',',ill lat Y0I.J havII3 en indication 
of tne ecp.ro)(i!T~t;a costing involved. ':10 wisn to place on 
record that :.Jur c::l~~ny 13 ,:;':'at :!.nterested in this project, 
beth in t;,a snort te~ .J>,perbal,tal st.:138 :Inc al~o .L, the 
ultimeta lcng te~ possibilities. 

As.su~ you of cur e=nt!nwed cc~ti::n, .~9 refMit1. 
,,// ) 

Yo~~ f3:thrJlly, 
f~r l~.\...,,~~ rLB8EM FRCCL!CTS LTD. 

l 

/ , 
1Jc~ I • 

? L .' -C'T'"" ~\' •• ',~Irl~ 

GBng~ ~'en8gar 
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Department of State 

UNC~AS~IF1FO 

HANI~A IO~gl ~,e~2~Z 

~, ~E ANTICIPATE' NO A~V~RSE ENVtkONH~NTA~ EFFECTS FQO- PI' 
'~'R'O~~TTIN~ RESIN WMIC~ I~ O~O~ST SYNT~ETIC AESIN, AND IS USEO 
wU~'O·wln~ AS -ONDIN'- AGENT 'DQ p~v~noo AHo "APoSOANo, OUTOOO~ 
'YO!. PI' .O"OFO p~vwono NO. e~ING U~EO oIRECT~T ON ROOFS OF "n~s;s 
Th CA.AI.tAN AREAS, A~SO THIS RESIN IS A~HnST UNIVER~AL~V ~~'a I" 
.~v~OOO 'UA AonF~ IN THE USA NH~A~ IT IS USUA~~1 COYEHEO wITH ASP"A~T 
~~,~r,~ES. 

It. S'I."E!:J ~TAT'S INT£RVST NOIIII HIGH IN I\OT'" G~,~R" : l f· , ,. ".r fl, y, .. 
~~~TnkS IN AL~ THREE TAIA~ COUNTRIES. H~ 8~~!t ' ~S n. ' , 'L i t, 
~~ I'~ 'OL~~ •• ON COIJ~O RE .E~Y ~E~ETERlnus S1"C! IT MIG-' l' 0: '; 
'0 OEvE~OprNG COUNTRIES AlDIS ~AC~ 0' ~ON'IOE~CE AN~ cn";-ul-r 
'NTE"tST THI~ .HnJ~CT. 

" F~O" 5 J . " npnl~T GOP INH~~ST ANn CO"TJNlltO ~.V.lI, · 
~CA~~.IJP. ANn "T!~lZHION ~, R!SU~TS, !AA~Y 'OLLO •• U~· 
nE.~n CRITICA~ TO ~UCCESS'u~ CONC~USION THIS PROGkA". 
~U' L I VA;~ 
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APPENDIX C 

RErRESENTATIVE DATA ON BONDED ORIENTED BAGASSE (BOB) SYSTEM 
GENERATED BY UNIVERSITY OF WASHINGTON 

Section from Master Thesis, Harry Christensen, 
University of Washington, 1976 

Progress Report, Ben Bryant, September 3D, 1975 

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 roof1ng product lIanufactured. from agricul
tural res1dues 1s d.ecribed and Lllalyzed.. '!he analysis is di v1ded 1nto 
thr •• parts. 1. A briet' summar,y ot' the housing 11 tuation 1n the 
aod..rn world. particularly 1n developill6 countries. Z. Discussion and. 
d •• cr1pt10n of & rooting product designed tor use throughout the develo
p1J:1i world aa a sub.titute for th. universally used galvanized iro~ root. 
3. 'lb. l'Iethode which would best transfer this product ani t.echnology 
tor .anufactur. 1n the develop1ng world. 

In Part I world. housing i8 discu •• ed, 'particularly the 
handicap brought on the poor by rising ~oSt8. rising ~lddle-class value. 
am the lack of housing available in an affordable price range. A 10"· 
coat roof is a needed. 1 tem in developing Coul.tries wnera the cOIamonly 
u~ed galvanized iron roof draws into the limited foreign exchange. 

Part II su~zes a proce6S tnroJgh ~h1ch an inexpensive 
substitute roof1ng ~aterial can be mado. Market comparisons are studied 
am the cost of setting up A aanufACtu~ng plant is included. A simpl~ 
proce •• is described by Which relatively inexpensive sheets of corrugatAd 
root1ng material can be manufactured. in developing countries. The prcduct 
aade from agricultural residue. can be made in a low-cap1tal inves~ont 
oper .. t1on Which i. labor inter.sive. Oriented fiber ;Iats are made in a 
batch process fro. A water slurry ~'at contains fibers, pnenolic resin 
binder, and wax. The mats are pressed at relativoly low pressure (plyvacd 
pres6ures, up to 250 p~1) and then post treated w1th • water resistant 
luJ.a.nt coating in preparation for paiDt1~ d th an alWllin1zoo coating. 
Fire retardants are currently be1ng tested for U6e in conjunction w1th 
the .ealant. Analysis of the costs of 6etting up A pilot pl~~t indicated 
that the plant equipment ~ight have to be subsidized to produco a 
product with a prico truly affordable by the peor. 

!he final section of this paper explores tho various methods 
by which a pilot plant could b6 set up in a dovelo?ing country and tno 
probleMS &5sociated w1th t~e accoptar~a of such a facility by the co~un1t]. 
A Viable alter':1ativfl .lp::ear!! to be th:o~!l an already est.abU~ed CnI1.st1an 
aisaion or relis! or~ani Zit. t1on. lx. tlal markot accepta:o!.H ty could rJe 
enhanced by ueing the proeuct for ~1a610n churches, schools, and rea1dencea. 



Major advutaal. of COBB arl. local lIamdactunng. DO l.port 

coat., 11111,anoua, ani, aoat aportant, 10N coat yet good qu&l1ty. 'lbl 

aajor d1.&dvant,ql. are. It. lack of f1re resistancI, laclc ot on-aite 

t.Mt1ns (currently bl1ng 1cat.alled on t.lat houees) u rooting, am lack 

of 8l:ClptUCI aiacl it 1. an unknown prociucta. Creating lIIarket accepta-

bill ty will be diacussed in Part III. 

To t1m out hON CORS COlipared with eel uDier loading, aome 

uD1tOnl load teeta were aade. Figure 19 ahOWI the aethod of 10llJUng a.n:l 

the tormula for timing El (aodulus of elastlc1 t",f x aOlllent of 1nert1a -

.trength aea.aur1ng indicator). Uniform load tests were lIIade on CORd I\lXl 

CGI U wIll as on corrugated alum1nua ani corrugated f'1berglaaa. 

Table 6. 

Data on cOllpara t1 ve un1fo~ load teata 

Baguse Steel A.l UD'li ""1111 11bet's\aola 

Dl.ens10na of .109 "%21 "Xl2 .031-x21 1t X'72 .0)8 _x2l"7tl2 .0)4"xll w7tl2" 
t •• t panel 

Panel weight 5.67 lba. ll.46 lbs. 6.60 lba. 2.47 lba. 

Corrue;ation 
).26" 2.74- ).26" wavelength ).00· 

AIIplltude 0.715" O.S'J It 0.918- 0.5)S" 
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11'1e D'llJthed of un1fortr,ly lOi\,Hrc tl':r. panell ur.d. :uu.:;udnl the 

rosultirlG doflectlen 1.3 1l1uatr3t.ed in rlCIITC!; tl)"2~. 1' 10 !'lhe!'~l;;D~ 

panel failed. ur:der load of 150 1'bs./?4" :.p"n 1.r.d ~hcr"by ~hO\oicd ~t.!j 

wenkntt8& lr. rol:.t1 on t.:> U:e other J iIILtttrl031& test.ed. Fi"ur"!j 26 G.M 21 

give evider.ce to tho ~hoc;:y that COfi.ll 1:'1 C"o::lr r f t'ble to cr.!'T'U!:ated steel .. 
and alua1r.um ur40r test leud cond~t\onc. Indoed, the Qlc~ea ot wt./6 

1t r.lult1~le tests wure do::e could i'r~\'e t.o be stutiBtieolly o,uo.l. 

"'The product of ~h6 Wilt ;. roce£:. t.hoz-.c~et rosin
'DOICed, de?! t hcr:l, n ~r1111ll ~t': I or1 Clr.t. ·:d I bQ\ . ~s ~" 
Sa 01 jll\ne) t:llt t,orid with e:.cco ! i ant d~ree t \ ~ r.hl ctronct.h 
~rd c.cuuluG ehw:uettlr.!.,,!.l.::.. Sllwu surface coat,lr-a: 
or ;a.1nt.1n.; n,,:.1 not. been u:sc~, it hh ~ the Q, rO," :'Lnc:e 
or a cOClpoaiti:)n DOL-:i. i'1'c,r or!~Mut.1on 1: ouvl"ua 
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ORIENTED HARDBOARD 

Progress Report 
(September 1 - September 30, 1975) 

from 

University of Washington 
College of Forest Resources 
Utilization Research Group 

1. Hade 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 temperlns treatment. 
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The Effect of High Level of Resin Addition and Asphalt on the Wet-Strength 

of Oriented BAgasse Hardboard 

Surrmary 

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 % Me) and damp (20-30 % Me) conditions. Yhe effect of asphalt on the 

wet-strength of the bagasse hardboard also was explored. The results showed 

that: 

I) 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-strengtn of bagasse hJrdb~ard still did not reach the 

target 50% of dry-strength value. 

Much resin was squeezed out in pressing In the case of "spraylng ll method. 

And resin was lost in mat 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 temper the bagasse board with linseed 011 

to achieve 50% wet-strength targets. This parallels commercial hardboard 

practice. 



Tlble I. Test Results of Modulus of ElastIcIty 

Before soaking 
Aft\!r 24 hrs. 

w~'ter soakIng % of residue strength 
Treatment Uto grain l.to grain lito grain Lto grain lito gralfl, .Lto grain 

Standard 636,oOOpsi 269,OOOpsi 167,OOOpsi 110 ,OOOps i 26% 41% 
A 654,000 319,000 161,000 52,500 25 '16 
AI 765,000 431,000 277,000 164,000 36 27 
B 598.000 260,000 218,000 130,000 37 50 
BI 700,000 477 ,000 243,000 133,000 35 28 
C 598,000 275,000 152,000 83,500 25 30 
CI 438,000 275,000 139,000 80,000 32 29 

Treatment: 

Standard • 5% res in 2% wax 
A a 20% resin, 2% wax precipitated: pressed wet 
AI. 20% resin, 2% wax precipitated: pressed damp 

B • 2% wax and 20% resin sprayed in centrifuge: pressed wet 
BI. 2% wax and 20% resin sprayed In centrifuge: pressed damp 
C .. 5% resIn, 2% wax and 2% asphalt pressed wet 
CI. 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 "to grain 1 to grain II to grain 1. to grain "to grain .Lto grain 

Standard 

A 

A' 

b 

B I 

c 
C I 

5719 psi 

5877 

7261 

5170 

6262 

6024 

4833 

2762 psi 

2790 

4367 

2690 

4189 

3155 

3315 

1667 psi 

t523 

2946 

~'407 

2585 

1396 

1602 

418 ps j 

767 

2066 

1238 

1784 

1237 

1306 

29% 
26 

41 

47 

41 

23 

33 

51% 

·27 
48 

49 

43 

39 

39 

~: All tested s~ecim~n were pre:ared from 2 boards (one for dry test, one for 

wet test) only. The low v3iue of :r~atm~nt A might be counted ~~ experimental error. 

• .1 = I, ! .:.. I. -: :=:: j E .:. ~ : _ :: Q:: -: ~ .l - :., • 



Tlble 3. Linear Expansion and He Pickup After 24 hrs. So.klng 

Treatment II to grain J.to grain Thickness swell 1"9 We I ght Increase 

Standard 20.12 0.40 18.8% 42% 
A 0.31 0.38 12.0 52.2 
AI 0.20 0.41 10.5 42.4 
B 0.45 0.37 12.5 46 
8 1 O. 1 0.20 24.5 56.5 
c 0.20 0.45 19.5 30.5 
C I 0.24 0.24 13.7 27.0 



Improving the Properties of Bigiss. Hlrdboard 
by Oil Tempering Ind Asphalt Coating 

ABSTRACT 

Oil tempering signiFicantly reduced thickness swelling linear 

expansion and water pick-up of bagasse hardboard 25-35% on both tldry" and 

Ilowet" test. Sagasse hardboard with asphalt tar coating showed the least 

loss of HOR and HOE compared to oil temperlr.9 and control treatments after 

the 24-hour water soaking test. 

011 tempering 15 a commercially accepted and widely used process 

for Improving the strength, dimensional stabil ity and durability of hard-

board. The ~urpose 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 wiaely used for roof coating, 

the water repellent efficiency of asphalt coated bagasse hardboard was 

also Included In this study. 

PROCEDURE 

ThIrty 12")t 12" x l~" smooth-two-sldes random oriented bagasse 
ft 

hardboard was made. Each mat contained 5% phenolIc resin and 2% wax. 

These boards were then randomly separated into five gro~ps for dIfferent 

treatments as fol lows: 

Group I: Control, 'Nlthout any additional treatment 

Group 2: 5% linseed 011 tempering tr~atment 

1'< 
The mechanically de .... atered ;nats were dried under forced, room-t~mperature 

aIr circulation overnight, conditioned at 90 Q RH for two days and pressed 

wIthout screen at 280·F under J diminishing pressure (starting at 300 psi) 

for about 8 minutes. 
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Group 3: lot linseed 011 tempering treatment 

Group~: 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 swell lng, 

1 inear 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 I inseed 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 011 retention reached 

to 5% and 10% (air-dry weight basis). After the 011 i",pregnated, the boards 

were dried In a drying oven at 280·F for 3 hours. The ttmpered boards were 

then conditioned at room temperature and ready for further tests. 

In a~phalt 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 baga~se ~ardboard at room temperature and a1 lowed to dry. 

Nine speciMen~ were prepared fr,~ each sub-group for the bendIng test 

(by Instron testing machine). The linear expansion, water pick-up and thIck

ness swell ing were measured from three bo~rds before beIng cut Into smaller 

specimens for bending test. 
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RESUL TS 

The experimental results are In Table I. Oil tempering was very 

effective In reducing thickness swelling, Iineir expansion, and water 

pick-up In the samples subjected to the 24-hour water soaking cest. In 

the "dry" test, the MOR of 011 tempered specimens were 34-35% higher than 

those without 011 tempering (control treatment). The MOE of 011 tempered 

specimens were 20-30% higher than the controls. There was no sl2nlficant 

different In the "dry" strength (MOE and MOR) between 5% and 10% 011 temper

Ing treltments. However, 10% 011 tempered specimens had higher "wet" 

strength (residue strength) than those with 5% oil tempering after 24 hours 

water soaking. In both 5% and 10% 011 tempering treatments, the "wet" 

strength was about 50% for MOR and 45% for MOE of the "dry" strength. 

The ''wet'' strength of hot asphlat coated ~pecimen was significantly 

higher than those of oil tempering treatment. In asphalt emulsion coatIng 

treltment, 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 elpansion, thickness swelling, and water pick

up significantly. The oi I tempering treatment could easily be accompll'hed 

without sophistIcated equipment. The cost of tempering oil w~s about 0.3~1 

ft 2 for 5% oil tempering treatment. (Boiled linseed 011 SO.09/1b In car 

tlnk quantity - cost of July, 1973). 
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2) In this experiment, all b.gasse h.rdboard contained st phenolic 

resIn and 2% wax before 011 temperIng or asphalc coating tre.tment. Further 

study Is necessary to determine the effect of lower tesln level (less th.n 

5%) addition to the properties of the final 011 tempered addition to the 

properties of the final 011 tempered bagasse hardboard to reduce the cost 

of the fln.l product. 

3) Inexpensive Isphalt tar coatIng showed good water repellency. 

Further study on this asphalt tar coating process Ie JI,o nece\s.ry. 

4) The results of this experiment showed that the linear exp.nslon 

.fter 24 hours water soaking were only 0.38% and 0.41 % for 10% and 5% 

011 tempering respectively. For a 61 lonq roof p.nel, the maximum board 

expansion wll I only be 0.3 Inches and may be within the tolerance limits 

'" as fir as roofln'.) material Is concerned. If che EI of the board Is suffl-

clent, random oriented bagasse hardboard (with 011 tempering or asphalt 

t.r coating) which could be produced In a simple process (I.e. deckle box) 

could be used for roofing material. 

S. T. Hsu 
October 31, 19i5 

* To reduce llne.r expansion further It Is common practice to rehumldlfy 

the board to the average level of moisture it wi I I experience In service 

before shipping. 
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Tab1e 1 

I'r0l>CI"t i~!:i of Bnras:;c lIardt.oRrd Treated wi th Tempering Oil, Asphalt Coating at 

Control Test and 2:1 fh'!J Waler Soaking Conditions 

'l'r":il Lnen l 

C.-:.ntr'ol 

5 -i, lClI:pcrinl: 
011 

::on- 2/1 hrG 
tr",)! uoaklntj 

2,BOO 

10 % tempering 7,900 
oil 

l~ ,100 

Asphalt Tar 
coalint': 

ASIlhal t Emulsion 
coatin£'. 

11,500 

2,LOO 

~OE1 
(1,000 psi) 

COIl- 211 hr:> 
trol soaking 

580 21~ 3 

745 305 

690 335 

360 

206 

1. Each vallie is the avcrage of ') test specimens 

2. Each value is the average of 3 teet specimens 

Wt 2 'l'hick." ~ss2 Linear2 
increasc swelling expansion 

after 24 hrs water soaking 

25.0 % 18.8% 0.46 % 

16.5 % 0.41 ~ 

15.8 ,: 0.38 ~ 
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DOUET BROWN ADAMS ! PARTNERS 

LOW-COST RoorING STUDY lOR USAID 

REPO~T ON SELECTION AND ANALYSIS 

or c~rTE~IA rOR ROOrING MATERIALS 
---------------------------------

January 7, 1976 

1.0 SCOPE or THE REPORT 

This raport is intlnded to dial with the following:-

(a) Identify and discuse the basic requirements or 

a Rooring Syetem in Jamaica, i.e. those requiremlnt" 

which, ir not met, would make the mlterial quitl 

unsuitlble for the purpole, or tholl neceasary to 

the ba.ic function of a roof. 

(b) Identify "Highly Desirable Characteristics" or • 

Roofing System and aasign a weighting to each .uch 

characteriatic. 

The "nighly deairabla~ characteristics would not 

nlc.aaarily be basic or essential requirements. 

The w&ighting (marks out of 100) aesigned to such e 

characteristic would fall between 60 and 100%. 

(c) Identify, generally rtDes:reble Characteristics" for 

a Roofing System and assign wdlgnting to sech such 

charact6ristic. 

These ch,racterlstic3, though desireble, may also not 

necessarily be aesantial in a roof, espec.ally a low

cost roof. 

2" " 0'::' 



2.0 

2.1 

ROOrING CRITERIA 

S.sic Requirements 

To Keep orr Rain 

2 

Thia is the b •• ic function of d.flacting rain water froM the 

interior of a building. All c.ndid.t. materials which .re 

impervioue will achieve this without difficulty. 

2.2 To Prevent Le~k.ge· 

Thil is th& function of pr.v.nting Illpege of w.t.r through 

cr.ckl, laps, n.ilholla, .tc. 

To achilve thil, the •• terial _ust not be prone to cr.cking. 

N.il holas should be a.lf-e •• ling i.l. a driven n.il should 

not crlate • hola which is larger than the nail's diametar, 

but should wedge its way through the .atarial. 

Thia latter problem can, however, ba circu~vent.d by the use 

of w.eh.rs or g.ekets. 

2.3 To Resist Water 

The m.tarial should not erode or become water-logged under 

the effects of rain. 

2.. To Reeist ~ind 

It is e.eential that it should be able to resist frequently 

occurring winds and guets, say based on at le.st fiv. ye.r 

recurrencs interval. 

It is, of cours., 'highly deeir.bl~ to rssist winds up to 

hurricane speeds, but it i8 of tan arguad that this ie not 

.. sential. 

~ind resiltance, of course, d.pends not only on the roofing 

.atariel, but also on the ep.cing .nd strength of tne support 

system. These can g.nerally b. adJueted at an incr •••• d coet 

to .chieve the neceesary wind rl.ietance. 
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2.0 

2.5 

3 

ROOrING CRITERIA CONTO. 

Reeiet Incident.l Load. 

He~e in the trop!ca,the .ain cause of .uper-impoeed loading 

an pitchad roof. ia thet caue.d by ~orkm.n during .~.etion 

and •• int.n.nc •• 

Th. ability to .upport th. ~.ight of • ~.n (plua .0 ••• xeea. 

for dyna.ic .ff.ct) uithout failure or .xc ••• iv. d.tl.etion, 

i. th.~.for ••••• nti.l. 

It .hould b. notad ho~.v.~, th.t thia can aom.tim.~ b. 

achi.v.d with the halp of t •• parwry bo.rdar .tc. to .pr •• d 

.uch lo.d. to .upporting ~.~b.~ •• 

2.6 K.ep Out Diract~ 

The •• in requireMent ia opacity which il aalily .chi.v.d. 

2.7 ~inimum Life 

The impo~tan~1 of .ini~u~ life of the roofing ~.t.rial c.nnot 

b. a.p.rat.d from th.t of COlt; e.g. 8 life of two y.arl might 

nat b. un.cc.pt.ble, if the roofing •• tarial is of n.gligible 

cast s.g. th.tch. 

2.~ Availabilit~ 

Obviously, availability in .ufficient quantities il an 

•••• nti.l requirement. 

3.0 HIGHLY DESIRABLE CHARACTERISTICS 

Aa mantioned before, the follo~ing ch.ract.ristic •• r. not 

•• Iential to the function of • roofing material. Howev.r, 

the .bsence of any of the.a charact.ristics, would tend to 

.ake the ~.terial • poor c.ndid.te for selection. 

Th. following i. a diacu •• io~ of such ch.raet.ri.tic.a-
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3.0 

3.1 

HIGHLY DESIRABLE CHARACTERISTICS CONTO. 

Acceptability to User 

Although this ie a so~e~hat subjective ch~recteriatic, it 

1a funda~ental and ia aeeigned a weighting of IOa~. 

In Jamaica, the opti.um ~atariel for thie charactariatic 

~auld ba wooden ahinglea. 

3.2 Lo~ Cost 

Thil is relative snd an acceptabla leval of coat will of tan 

vary with other charactarietice 8.g. with long life, a higher 

level of initial cost can be acceRted. A weighting of 90~ is 

aeaigned to this characteristic. An optimum material for low

coat charactaristics on initial coat would for axa.ple be 

thatch made of cane laaves. 

3.3 Reaaonable Life (5 year .ini.um) 

for a com~ercially produced roofing material it is claarly 

desirabla to achieve a raaaonable life of the order of fiva 

years. However, as mentionad at item 2.7, where cost is 

nagligible,for exampla, for a roof mada by self help, and 

ueing vary cheap, abundant matarials which are available 

locally, a minimum lif. of Ieee than five yeers might well 

be acceptable. 

The optimum meterial for a long lif. would probably be 

alu~inium sheeting. 

A wei~hting of 90% is aeeignad to the characteristic of a 

5-year minimum life. 

All candidate ~aterials, with estimated lifa of five years 

or over ~ill be given full marks of this asaigned weighting. 
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5 

HIGHLY DESIRABLE CHARACTERISTICS CONTO. 

!.!l£..j gsnJUS Material (?50~) 

This is an economic and trade benefit, but it should be noted 

that if a large proportion of the "value added" to the baaic 

raw •• tarial 1s d.r~ved in Jamaica, thIn an indigenoua raw 

•• tarial content, of ll.e than 50% might be acceptable. 

for this charlcteri.tic, a ~.ighting of BO% il a.aigned. 

An opt!mum material for thi~ characteristic would be say 

thatch, ~nvolving l!ttle procesaing and cllY tila involving 

some procls·sing. 

3.5 Acceotability to Government 

AlthouQh also vital, this is somewhat mor9 Objective and is 

a function 0' certain other characteristics such as indigenous 

content, load resi3tance, wind r.sistance, atc. 

It is therefore a.signed a weightinq of 80%. 

3.6 fire Re~istance 

Thi~ is a desirable characteristic, but many traditional 

materialg are poor performers in this reapect; e.g. thatch 

and dry wood 1hingle9 will burn readily. Galvanised iron 

and aluminium will buckle under heat. 

An optlmLM r.laterul For this characteristic would be clay 

tilas. 

A weiGhting or 70% is assigned to fire resistance. 

~.7 Easy 1nstallation 

Lightne39, nailabiltty, a m!nimum of fix!n';!!, large panel 

sizo, ease of cutting, rgsistance to broakage, stiffnoss to 

lupport ~orkmen, are all charactaristics which contribute to 

lasy installation. 
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3.7 

6 

HIGHLY D(SIRABL£ CHARACTERISTICS CaNTO. 

contd. 

An opti_um rooring matarial ror these considarationa would 

ba galvanilyd iron snaata. 

A waighting of 70% is assigned to this charactariatic. 

3.8 Labour Intansive Manuracturing 

Thia haa a socio-aconomic benefit which is ~aluable ror 
_n~)) 

Ja'lIica. However, in aiming for "lolll-C"OSt~production on I 

"co.mercial scale" may be nacessary and might cemand the 

uae of a mechanised manufacturing process. 

An optimum matarial for thia aspect would be clay tiles 

.ade by hand-operated moulds. 

A weighting or 50% is aaaigned to this characteristic. 

3.9 Dimensional Stability 

It is highly daairable that a roofing material should be 

dimensionally stable under exposed waather conditions. 

(xcessive tempereture and moisture movement will ganarally 

cause cracking -railura or the material at rixings. 

However, it is orten posaible to solve this problem by the 

proper design of the pro rile ~nd penel size and detailing 

of fixings and connections. 

Opti~um ~ateriale for dimensional stability would be metal 

ahaets I'or moisture and a built-up relt roofing fo: temperature. 

A weighting of 60% is .asigned to thie characteristic. 
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4.0 SU~MARY Or SELECTION AND RANKING or CRITERIA rOR ROOrING 

MATERIALS 

4.1 eaelc Requirements 

Ca) Must ~eep Off Rain 

Cb) !'lust Not Leak 

Ce) !'lust Aasi3t water Ci~e. Non-Abeorbent) 

Cd) ~ust Resist Wind CUp to 70 M.P.H. Minimum) 

CI) !'Iuet Reeist Incidental Loade e.g. During Conltruction, 

Maintenance 

Cf) Must Keep Out Direct Sun 

(9) Must Have a Minimum Lifa 

Ch) Must Se Readily Available. 

4.2 Hi9hly Desirable Charlcteristic.! 

I tell Characteristic Aesignld 
Weighting 

1 Acceptability to User 100 

2 Lo-. Cas t 90 

3 Reosonftblo Lira (5 year minimum) 90 

4 Indigenous Meterial eo 

( 1. e. Indigenous Content .:. 50%) 

5 Acceptability to Government 80 

6 rire Resistance 70 

7 Euy Installation 70 

e Labour Intensive Menufacturing 60 

9 Dimensional Stability 60 

TOTAL 700 
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4.0 SUMMARY or SELCCTION AND RANKING or CRITERIA rOR ROarING 

PlATCRIALS CONTO. 

4.3 Desirable Characteristics 0' a Roofing ~atarial 

4.3.1 Roofing Material: Desirable Charactarjstics - Machanica! 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Characteristic 

Support a Person 

Hurricane Reoistanca 

Impact Resistance 

Provide Security 

and Protection 

Minimum Truss and 

"urlin Requirement 

Strength (r Z) y 
(5 .. also 2,3 and 4) 

Rigidity (El) 

(See also 3) 

Resist Abrasion 

Resist Eartnq~3kes 

~old House Together 

TOHL 
-- _. 

Weighting 
~9Signed to 
This 
Characteristic 

100 

55 

50 

50 

50 

40 

40 

40 

40 

30 

495 

295 

Eumple or Rr. Relevant 
Material Tut 
Securing rull Standard 
Marks Where 

Applicable 

-
Dapends on 

supporting 

structu-re 

Concrete Slab 

Concrete Slab . 
Corrugated 

Aluminium 

Sheeting 

-

-
Galvanised 

1 ron 

Depends on roor 

arrangement 

Concrete Slab 

Other Materials 

Depend on 

rram!nq 
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4.0 SUMMARY O~ S(LECTION AND RANKING or CRITERIA rOR RoorING 

~ATERIALS CONTD. 

4.3 Desirable Characteriatic9 of a Roofing Material contd. 

4.3.2 Reofing ~at8rial: Deeirable Charecte~i9tic9 - Environmental 

and Li f. 

Characteristic 

1. No maintenance 

within 5 years 

2. Easy maintenance 

3. Ability to nail, 

S8al and cut 

4. Li.,)htlll8ight 

S. No Toxicity during 

6. 10 Year minimum 
Lire 

7. Ua. of Simple Tools 

end equipment for 

l'Ienufacture 

8. ~esistant to Ingect~ 

'JIater and UV 

9. Vapour impermeable 

10. Re-usabla 

11. Availability 

TOTAL 

Weighting 
Aaeigned to 
Thh 
Characteriatic 

70 

80 

90 

40 

50 

80 

50 

100 

50 

40 

100 

750 

296 

(xamplll of Rf. 
Material 
Securing F'ull 
Marks 

Aluminium stt_ts 

Bitumastic 

TUes 

AluniniLIm Sh.ting 

Aluminium 

Sheet 1ng 

Concrete 

Slao 

Sheeting 

MOULi. Sheeting 

G • r. 0 r Alum. 

Shaeti"9 
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Relevant 
Tut 
Standud 
II/hera 
Applicable 

-
-
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4.0 SU~~ARY or SELECTION AND RANKING or CRITERIA rOR ROOrING 

~ATERIALS CONTO. 

4.3 Desirable Characteristics of a Roofing Material contd. 

Roofing Materiel: Oeairable Characteristics - Optical 

Character.l.ltic Weighting Example of Af. Relevent 
Auigned to ~aterial Tut Stender 
This Securing rull Where 
C h a DICta' Wt1c Merles Applicable 

1. Keep out Sun 80 Colour ad 

Aluminium 

Sheeting 

2. Opaque 80 - do -
3. Attractive 40 - do -
4 .. Shine 40 - do -
5. Color 40 - do -

TOTAL 280 

--=-= 
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4.0 SU~~ARY or S~L~CTION AND RANKING or rRIT~RIA rOR ROarING 

I'IATERIALS CONTO. 

4.3 Ceeirable Ch.r.ct.ri~tics or a Roaring Material contd. 

Rooring ~et.rial: Desireble Characteristics - Thermal 

• 

Cheuchrhtic We19htin9 E:xempla or Rr. Relevent 
A .. igned to Meterial Tut 
Thia Securing rull Where 
Cherecteristic Merk. Applicable 

1. Keep orr Sun 100 

2. Rui.t Hut 100 

3. Ventilation 50 Wooden 

Shinglas 

4. Thermel Control: 90 Concrata Slab 

retain he.t or timber 

urlect heat boarding 

ke.p 1n heat 

keep out heat 

keep out cold 

k.ep in cold 

TOTAL 340 
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4.0 SUMMARY Or selECTION AND RANXING Or CRITERIA rOR ROorING 

I'IATERIAlS CONTO. 

4.3 Desirable Characteri.tics of 8 Roorina Material contd. 

~ing Material: Daeirable Characteristics - AC8ustic 

Characteristic Weighting Example ot' Rt'. Relevant 
Aea1gnad to Material Tut 
Thh Securing rull Standard 
Characteriatic Marks Where 

Apclicable 

1. Not noisy in Wind 4Q 

or Rain Concrete Slab 

2. Sound Absorbing 40 - do -

Poor Sound 

Transmission 40 - do -
4. Damping 40 - do -

TOTAL 150 

A. D. Adam. 
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DOUE'T BROWN ADAMS 
CONSULTANTS LTD, 

7 LISMORE AVENUE. ICIHOITON e, JAMAICA, W.I. 
TEU'HONE: 12103481; I»OIMI 
CAlLIS: 'OOUETI"AD' KINGSTON 

r:ONIUL TING INGINII ... 

OU" ".", 

!'Ir. G.org. S.ll, 
!'Ian.anto R •••• rch Corpar.tion, 
Sax 8, St.tion a, 
Cayton, Ohio 45407, 
U. S. A. 

July 16, 1976 

Re: Low Cost Roofing Study for USAID 

further to my Draf~ Report nSelection 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 thelQ twq as 
I gueseed that they were the ones moat likely to spare the 
meticuloue attention neces.ar~ for such detailed conli~erations. 

I enclose a copy of the comments from SRC which WLre 
apparlntly prepared by Denny Williams. This ~s for your recordl 
al thil aspect is somewhat supereeded 1"0 w. 

One import.nt point on which they both seemed to dif'er 
from me,is on my example of the optimum material for accepta
bility to user. lOU will recall that at Clause 3.1 I auggasted 
"wooden shinglee". I can also remember your surprise .t thia. 

Well ,both fred Campbell and Ken (speut 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 saving~ has 
inexorebly imposed I.he aluminium choice on house-build er's 
ag.inst their own traditional preference. 

Yours truly, 
DOUET BROWN ADA~S CONSULTANTS LTD. 

A. D. Adams 

ADA/hb 
DIIilECTOAS 

A.A. AAM& Co IllIG: I .... rT1'IUCT. I .• '.0. '!lOWN. :. IHCi. ".1 , .... ".1. ST!lUCTI. I .• UII. OOUIT. C. INCl. ".I.IT!lUCT. I • 

....... 0011'1.. I.1&.. C.ING. U.I.C.I .• c:.O.II"\'~ C. INCl. M.I.C.I. M.I.IT1IIUCT. I. 
_ ... ""''T\ITION Of' __ .... _IC:A 
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22/4 - 2 
OU •• IP._. ___ .. __ .. ,. __ _ 

SCitl\J riFle RESEARCH COUNCil 

31st ~rch, 1976 

P.O. BOX 350 

KINGSTON 6 

JAMAICA. W.I. 

/ 
.... 

7' ....... ~--. ......... ...... 
J,.~: ",-" ',0, _______ ) • 

. ' -' I;: i Mr. A. Adus 
Douet Brown Adams and Partners 
7, Lismore Ave. 
ICIlfOSTOH 5 

Dear Al: 
' .. ' . 

Thanks for the copy of your report on Cr1t~ria ~or Roofing Materials. 
Please a.ccept rrry apologi es for the delay in get t 1 fl{' m~c I s ~0lMlellt3 on the 
report to you. 

I have encl~sed a list ~f tables giving ~ur ~~UP'S for the characteri
stics on Which we are not 1n a!n"eement. 

ATTClI. 

G!D/bb. 

YClIIJ'S ver,! truly, 
SCIEN':':nC RE~EARCH Ct.'UNCIL 

r-:: .. ~:~ . ..;.~~ ~~ ........ . 
G • 1. D. t.\ i. 11 i. ImS 

Sc iC':n. 1 :'~ ~ "ff.':"cer. 
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SCIElrI'IFlC RESEARCH COUNClI. 

TABLE I 

HighlY Desirable Characteristics 

Ch&I'acterlltic 

Acc~tabllitl to Uler 
Lov COlt 
Rn*,ZI&blt Litt (5 Ytar Min1lllulll) 
Indi,tnoul Materials ( 50S) 
A.cc~abllitl to Government 
Fir_ Redltacce 
!&al Inlt&llation . 
Labour Intenlive Manufacture 
~naional Stab1lity 

TABLE 2 

Desirable Characteristics - Mechanical 

Character 1Itic 

Support A Person 
Hurricane Reliltance 
Impact Resistance 
Provide Security and Protection 
Minimum Trull and Purlin Requir~ent 
Strength 
Rigidity 
Resin. Abrasion 
Resist Ea:thquakes 
Hold Houle Toget~er 

1:.3L:: 3 

Allign~ 

Weightingl 

100 
90 
90 
80 
80 
70 
70 
60 
60 

90 
60 
60 
80 

80 

A!IIign~ 
',;eishtinl$s 

100 
55 
50 
50 
50 
40 
40 
~O 
40 
30 

Xesi:abl~ Chuacte:-:'nics - Envl:-oMH:nt:.l !l:-:d :'i!'~ 

C!lara.:teristlc 

No M&1ntainance Within 5 Years 
Easy M&intainance 
Abill ~y to Nail, Seal 5.tld C'Jt 
Lightve1!1:h't· • 
No Toxicity Duri~g Manuracture 
10 Ytar ~inimum Lite 
Ule ot Si=ple 7001. and EqUipment 

~or JoIar.u I" ac ':oure 
Resistant to !nlects, '.ater a::d 1,;,'''. 

Vapor ~per=eab:e 

ReooCsable 
Anl!abi:ity 
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ASSl~ned 
..... ~!.:~~ ~:'ur~ 
A.A. I 
70 
80 
9C 
;'c 
c· ,v 
cO 
50 

lCO 
50 
40 

:00 
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80 

SRC 

80 

60 
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TABLE ~ 
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..... 
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40 
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July 16, 19'76 

Sit .. , S.~vices p~oJ.ct, 
~lnl.$ry of Hou.in~, 
2 Ha;l.y P.rk Ro.d, 
KINCSTON 10 • 

• $$.n$19nl Mr. Al Rich.rds 

Du: Un, 

:is I Low COlt Roofing jtudy for U. S. r •• I. ">. 
Experimontal ~oot. - Huntl aay 

rurth~r to our racent meeting and exchang •• , I eanrirm the 
'0110IllinQ: 

1. 1$ had originally boen decided to provide and fix roaring 
pan.la to tour ot the housing unitl ~hich voulrl bo occupied 
by pUrCh8!lers. 

2. ~. had ~el'oro CO:1oJ.dllrad it unwise to roor your modal houlle with 
our Ixperir:1sntal 11:Ino19. This W8S on tho grwunl~t" ~;l.t prospac
Uva ~urcl18lore should proferably be Ible to 'd .~I~ the typical . 
roofinf) material ror the p~oJect (i. e. the aluI .. iniuoII roof), on I 
1D0del houal. 

How.var, ae you pointed out, tor houling It thi, prio. Iftv.l. 
this i. uhliklly to be 8n important consideration. furtharmore, 
ana advantagl would bl to !Dake the Ixplrimlnt mora acolptabll 
to houll'! e'aIt'Ieu, wna would lublequently bl having a al .. 11.r 
p~oto type root. 

3. With this in Villll, W8 h.va reproduc.d roof lupport d.,.ill 
whioh Ire identio.l to thele propo.ld by you tor the oon
',."$1on&1 roofa. Only the panell 111111 ditfer. 

w • • nolel. on. oopy of ou~ dr.III!";. NOl. J43/1.4 which Iholll 
'.H. Plan, noor Plan, Roo' Pl.n Ind S.ction. zoe.pectinl, • 

•••••••••• 2/ 
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~1"l.tzy of Houe£nQ, 
,,!GIIP' IJI. 

- 2 -

en. ot ~: llein I.:OftCQrnl .t the -.nt .... t~o tact &hut, 
al-'U9ft .. wIn .i'1n~ tar canetruct.1. or ".1 roor. 1n thh 
..,'" (:kI1~), thl. I, no lonlan peulbl. owlnq \0 delay. ln the 
PI'eIl'-. 

1 wo~l~ naw c~nD.1d.~ that the I.rll •• t thlt th ••• plnQle 
c.n ba ~.nurectur.d to~ erlction .1. 1n lata ~uqu~t t~ ~1d s'~taatlr. 
I would .uO~.~t ther,'or., 'h.~ l' thi. dIllY will ~"~ct 1~ur 
peGgr~~~ •• ~o ~ould rev.rt to our Qr1~inal ~l.n to Qa1t thw ~del 
'-"ICI troll: th, .. )Cr'ol"i,. .. ·ntlll :o'C)otln; ;::ogr. ~nC: "ll"l:~ 1nI~"ild ~our 
D.~ unit. 1n thl P~JlCt. .8 havQ .arka~ I suc~e.t.d 1,catian 'or 
\hell 'aur hou ••• ~ thl Jlt. ~14n. 

r1nally, I inv1t. yowr CD ent. Cln our a.t.111, to enlur. t~t 
U 1r. 1n ICCO~ct.nc. with your o.n r.qu1r8lllentl. ','ou .111 ftG~e t.hat 
tt"' roo' elope ..,.,J.eI1 .1 h.y .. prNarvacJ could bo l."t'''',ddnH • .,.110w 
(1 1n 12) 'O~ thla type 0' lap~ed Naterlal. Hav.v~r. ~ 'eal thlt 
it Va I'i""olk> neat. llfell •• H.t'! the npt.ural nb~din· 1,'- ICt.1on cauald 
lIy t.J..Jnt cCJnnocUone, the tondency to leek w111 U. off •• t.. 

ADA/h~ 
..,'.1.5. 

t look 'arw.r~ to your r.ply. 

YDurs truly, 
rll1U(T rJ~;:utJ ADAI"J' C. :15I1LTfI~lT~ L 1 .-. 

(i
.,,;_. 

,/ .. 
. . 

A. O. Ad.,.. 

c.c .. , ·I~. ,~Il~JtI ;aJ.l, '~o"tll;jnto ~ .. oarsO Col't)Orat.i.'ln 
.... "'dine t~a3e •• l~l"llt~y of 1I.JWI.1r19 
rr. G. I'tcLauQhlJ.n, 1Un1.t~ gr 1ioW1ftQ 
~. C. Laidley, 1'I.1"hby ., Houelng 
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D'OUb~T BROWN ADAMS 
CONSULTANTS LTD. 

7 LISWO .. E AVENUE. ICINOITON'. JAMAICA. W.I. 
TILe'HONE:~~;~~ 
CAlLIS: ·DOUITI .. AD' ICINClSTON 

CONSULTING ENGINEERS 

YOU III 1111', 26th July, 1976 

Mr. c;.orge Ball, 
Hen.ante Research Corpora tion, 
Box 8, Station B 
Dayton, Ohio 4,407, 
P,S.A. 

%)ear George, 

Re: Low Cost Roofing Study for U.S.A.I.D. 
E:tperimental Roofs Hunts Bay. 

I enclose a photocopy of a letter received 
1'rom Hr. Al Richards 01' the ranistry of IIoudng on 

the above subject. It is self explanatory. 

ADA/cf 

incl. 

Yours sincerely, 

(Ji!f/ .. ': ............... . 
.ufri co D. Adams 
Douet Brown Adams Consultants 
Lim ted. 

O/III.CTO'1I1 

~ ........ Co IllIG; Mo •• ".IIIUCT. I .• 1.0. POMI. C IHG: II.'.C~ .. II'. ".IIIUCTI. I .• Ul DOUIT. c. IllIG. II.'. ".IIIUCT. I. 

A.411OY1. 1.Jo .• C.I"<I. 1t'.C.I .• c.D •• ALLACL C. I~ 1I .•. e.I. 11.1. ".IIIueT. I . 

....... ...",~o. UIO' ....... ~ 
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MINISTRY OF HOUSING 
N'~'" ....... ""-••• f. ,_ n ...... .,.. .... ~ • 

P.O. BOX 3&7 • 

KINGSTON '0. 

......... ,. ... 'n"'v 
~ .. ,.. IIU· •• '.' ., .......... 
Me JAMAICA 

, 
_~~ly· __ 19-2! 

Douet Brown Adam. & Partners. 
Conlultia. En.ineers. 
7 Lilmore Avenue. 
liD,lton S. 

Attention: Mr. A.D. Adami 

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 drawiagl 
Noe. J43/1-4 •. Your letter indicated lome milunderstanding 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 not construct any ccmpleted units. ApPl'OX. 
50% of t;;-units will have a completed bathroom. 
Your roofing material c~n. therefore. only be 
applied to the model houle or to some hathroom roofs. 

2. The drawings that we supplied to you wefe done for 
our Caroplands project and were meant only to be used 
as a guide, until ,uch time that we had prepared I 

compl~te set of drawings for our Hunts Bay project. 
Although the concept is similar. some detailing 
changes have been made. In particular, the ridge 

. detalling has ~een revised. 

3. We note the preferred location for experimental pur
poses. However, we have not yet selected the loca
tion for our ~del house, but will nonethele.1 try 

'to at least ~aintain the preferred orientation. 

4. The d~lavs in your progra~e is noc likely to impede 
our progra~e at the moment. The project 1s due to 
be completed in Xarch 1977, so that our model house 
need noc ~e completed before that elme. ~e believe 
that both units ~ould be completed in ~ weeks barring 
~ll unfor,een circu~tan~es. 

:':e ehank lOU for your involvement 1n our project end loJok 
forward to hearlng from you. 

Yuurs truly • 

...-." ,~ 

" ,6'\.' , 'I' ~' . !:-. ¥.4." e(~.l;,:-.. 
... 1 Richards 
Project Architect 



~ E ~ 0 RAN 0 U ~ 

TOI ~ •• b.rs or Advi.ory Committ •• 

rROPlI A. D. Ada,.a 

DATE: D.cember 21, 1976 

R~: Alternative Rooring 
~ateri~l with Economic 
.nd Trade B.nerite to 

'-"J~",dca ( L.ow COl t 
Rooring Study ror USAJD) 

------------------------------------------------------------------------
(ncloe.d is our latest progress report on the ebove. 

A meeting of the Advisory Com~ittee on the above is being held on 

~ond.y, January 24, 1977 .t 10:00 a.lI. in the Conference Rooll or 

, the Scientiric Reeearch Council, Hope Road. I hope you will rind 

it po.sible to .attend. 

ADA/hb 
encl. 

I . 
" I I , : I" \ 1(:" 

Signed: ••••••••••••••••• :.' .,:.~ •••••••• 
A. D. Adems 

DOUET BROW~ ADAMS CONSULTANTS LTD. 
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IMPROVED ROorING MATrRIALS WITH 

ECONOMIC TRADE 8ENErITS TO JAMAICA 

LOW COST RoorINr STUDY rOR USAID 

PROGRESS REPORT TO ADVISORY COMMITTEE MEMBERS 

DECEMBER 10, 1976 

SCOPE or THE REPORT 

This ~.port 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

dat.. There has been no meeting during this period although the 

Working Group has been involved in the day to day activities of the 

project. 

Activiti.s 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: 

Task Completed: 

Task 3 

Taak Completed: 

Organise Committee - Review Rand 0 Work 

Mr. E. G. Gabay, member of the Incorporated 

Masterbuilders has been invited co serve on 

the ~dvisory Committee at this seage. 

Conouct Cust Ana1ysls 

Note however, that ~ost Analyses done so far, 

applled only co baS1C raw mater~3! costs for 

the PUr~0ge of com~arisons at the stage of making 

a selection from candldate mater~a!s. The baSlc 

materlal cost of the selected materia! is Bstimatad 

at 11 Ji - 12 Ji per sq. ft. (See Task 6). 

Approaches have Peen made to one of the AdVisory 

Committee ~Qmber9, Mr. Aoderlck Ralnford of the 

Ministry Jf Tourlam and rorei~n iradQ to initiate 

an econom~c assessment of t~Q proposed material 

from tne cors~ectlve of net trade Olnefits to Jamaice. 
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SCRPE gr THE REPOAT CONTD. 

l .. k 3 

T .. k £ 

... .... ' . 

. . . . "~ .. " ...... 

Thl,.l, n.c •••• ry, .1 It rirlt 91lnc1 , llrg' 

proporUoll or th,- ti .. le co..., lII,tlthl COlt (I,. 

opp'o.,d to valu •• ) I, in i_partld r •• lnl Ind 

.lt~ou9h proc ••• l~9 vl11 raprl.lnt conaiderabl, 

loc.l "vilul ,dd.d" ttl!. _Ult b, cOlparld vlth 

I.t.ting competitive •• t.rl.1. ~ 

Condyot [xoo,url An.ly,l, 

Thl, I, • continuing proc, •• 0' ob •• tvltion on 

•• ~plo. on the Ixpo,url-rlck at Serglr Ltd. Th, 

d,t,il,d .xpo.ur.-~onltorln9 mathod. of Slrglr 

Ltd. hlVI provided lnvaluabl ••• ,i,t,nel In tnt. 

during the pa.t light"n month,. 

Conduct R .~~ 0 Pro9r.~ Ind Oetim1 •• Proc ••• 

Tlchnlgy" 

Slnc. the July raport, work 1'1,. continued In both 

the Sci,ntiflc R •••• rch Council, J.~.lc. Ind 

"on,.nto R •••• rch Corpor.tion, U. S. A. 

In S.pt,.b.r, 1976, "r. C.org. B.l1 or ~.R.C • 

• nnounc.d th.t furt~'r work on the "Ori.nt.d 
B.g •••• ribr," p.n.il h.d prompt.d • ch.ng. rrom 

the •• l.ction or t~. DBr p.n.l. to thp Dry Bl.nd.d 

Ph,nolic-Bond.d S.g ••••• 

tt WI. ~und thlt t~. rir.-r •• l.tlnc. crit.rl ••• t 

couid not b. ~.t with tn. oer p.n.l. without .ddi

tion.l rlr.oroorin9 ~ wlt.rproorin9 which would 

pu.h ' ::"L' .,r1c' uo to • l.vel 'Quival.nt to tn. 

~r.v~ou.l y dl.c~rd'd c.ndid.t. ~.~.rlI1 •• 

,'Ion4.:U.t O n,u: 0 ::1': ~~ od th.t i n IH.W or tn. n.turelly 

.yp .; ~ ~ : a~ ; ~~:_ ~ ~w .no rir •• ~~ w.t.r-r •• i.t.nt 

; ;:; J .. ~.u ~ ... ' ~ G; :'1.nO ~ l; Bonoio '\~t.rn.t1v., 1t WII 

1 '. . .' . '. • 4" 

3'/() 
.. . . 

• 

• 



3 

scope or THe REPORT CONTo. 

T.ek 9 

Oeei9n Roof and Product 

It is generally .ccepted that the corrugat.d 

.h.et form of .ny of the •• t.ri.ls will give 

the be.t str.ngth to ~.ight ratio. Ho~.v.r, in 

the case of the Dry Bl.nd.d ph.nolic-bonded 

mat.rial, there .r. c.rtain technical difficulti •• 

in moulding to • corrugat.d form due to the dry 

powdered state of the met.rial b.for. pr ••• ing. 

It was decided by ~on.anto therefor., that in 

order to me.t the deadline of getting some 

samples up .ainly for weathering and durability 

purposes in • pilot demonstration progr •••• , fl.t 

shaets would be produced for laying .s largl 

shingles. Thls is dlfinitsly not the optimum 

d.sign of thil product from a cost or plrformance 

paint of view. 

Collaboration batwaen ~RC and the University of 

Seatla, Washington, Istabli.hed s 4.0 ft. x 2.0 

ft. x o.oe inch sh •• t .s • unit size ~ith a 

matsrial d.n.ity of 95 lbs par cu. ft. 

However, for pr.ctical reasons to do with the 

local make-.hift moulding arrangements, atc, 

this was cllanged to 4'_0" x 2'-2" x 0.11 inch by 

our Local ~orking Group. 

Dafine Construction Details 

Arising from work done by Washington Univlrsity, 

thl proposal wa. to lay tha 4 ft. x 2 ft. shinglll 

with a 50% lap on to purl ina or latha apaced .t 

11.0 inCh cantre.. How.var, in order to improve 

tha s!mpllcity or the setting out on sita, panels 

ware changed from 2'-0" to 2'-2" wide to permit 

lath centr •• of 12". 
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scope or THE REPORT CONTD. 

Task 9 

Taak 11 

Completed 

TlSk 12 

D.fi~e Construction Details contd. 

Each tila is fixed by two rowa of nails with the 

rows 12" apart. Nails are driven at. fill centrea. 

The intention was that the downslope edge of each 

shinglo would be unfixAd and would Just cover the 

row of nails below. However, as the roof design 

sellcted was thaL of an eXisting de31gn with a 

very shallow slope it was necesaary to coneidar 

fixing this lower edqA also. 

rlashing, ridge capo, ate. ware similar to the 

Hunts Bay Sltes and SorviceG design. 

Advisory Committee members who wi~h illustrations 

or dra~ings showing the actual dotalls usad, 

may apply to Douet Brown Adams Consultants Ltd. 

It should be noted once again that the above wou11 

be misleading in considering the long-term economics 

of the matorial, as a final corrugated version would 

aim for very similar fixing and suo~ort details to 

conventional cor.uqated matal roofiny. 

Determine Criteria and Select Site ror Exoerimental 

~ 

The site selectad was tho Hunts Say Sites and 

ServicBs Project of the Ministry of Housing. The 

proposal is to construct approxima~ely 3,000 sq.tt. 

of roofin" on that project. 

rabricate Roofing Produ~t 

Tha maj~r inputs on thiJ have comA from SRC, 

SSP, Goodyear and Mon~anto for this stage. 
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l£QEE or THE REPORT CaNTO. 

Task 12 

Task 13 

fabricate Roofing Pr.oduct cnntd. 

The Scientific Research Council has provided 

technical peraonnal and laboratory racilitws 

throughout. Goodyaar has provided processing 

racilities consisting or two eiqht-hour shirts 

of Banbury processing of the whole ~agasse and 

piglllent: 

(1) Monsanto has provided materials, technical 

direction and runding as main contractors 

on the project. 

(2) Standard Building Products Ltd. have provided 

technical personnel, plant and space ror the 

final pressing alld rinishin!) ot' the product. 

The rinal quantities or thingle et ~is date ere 

still bewg prsssed. 

Construct Pour Roars 

It was decided to proceed by roo ring a number or 

bathro~m spaces on these units in perfecting the 

construction details. 

We would then proceed to roor the proposed model 

house which was planned for construction in 

Jar.uary/february, 1977. 

To date elght such bathroom spaces have been 

roo red in two clusters or rour spaces each. 

The rir~t four units are numbered 55-a8 (not 

95-98). 
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~ONITOR PERrOR~ANC( 

The fini.h.d .pp •• r.nce .nd .ff.ctiv.nea. of the first two .p.c •• 

roof.d prov.d le.a than s.tisfactory. The m.t.rial exhibit.d • 

t.nd.ncy to warp .nd to curl at the corn.rs and this would d.finit.ly 

t.nd to .ffect the roof. ov.r.ll .bility to pr.v.nt l •• king. 

A numb.r of device. were tri.d to m1nimi •• this effect for the r ••• ining 

roofs don. 10 f.r .nd sam. improv ••• nt ha. b •• n .ffected. 

How.v.r, it should b. not.d th.t th ••• erf.ctl .hould b •• li_in.t.d 

al.o.t .ntir.ly in the final corrug.tad v.r.ion of the product. 

~onitoring will be undartak.n on a continuing ba.is in the y.ars ah •• d 

by S.rg.r Paint~ Ltd. who have indicated their willingnes. to continua 

to provide their expert monitoring on the exposure samplee and p.riodic 

in.pection on any paint.d full-.cale roofs. 

CONCLUSION 

We are at the end of this phase of the project and thank. to the 

trem.ndous .fforts and co-operation of most memb.rs of the Working 

Group and Advi.ory Committ.e the following b.nefit. have b •• n gain.d, 

1. Th. know how and technology of producing composite material. 

of the type con.idered here, h •• been largely transferred to 

our own Jam.ican Sciantific Research Council and to a l •••• r 

.xtant to othlr co-operating firms. 

2. Some of the products consid.red, have good possibilities for 

Ipplication as building .nd 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 complltely 

re.11sed as there is still some further tachnical developm.nt 

work to be done. However, enough has be.n done to make it 

claar that this can and will be achievad. 

On. point that may bo noted is that the words "low cost roefing" 

were the main motivating force in obtaining the active co-operation 

of many local particioants and as the present selected product IPp.ar. 

mora to b. "an equal cost ~t.rnative", there is a certlin •• nll of 

naving mi.sed our objective. 

314 

• ~ONSANTO ~ESE~RCH CORPOR~TION • 



7 

CONCLUSION CUNTD. 

It remains ror our local ecunomic and trade admin1strators to 

confirm the value of this alternative and if necessary for the 

Scientific Research Council to press on with further develop~ent 

in an .ffort to produce a "low cost" version among the various 

formulations studied. MRC have also re~crted that further funding 

for the next pha.e should become available from USAID by -id 1977. 

In R~ort, in a very real sena~ this sh~uld not be the end of the 

project but simply the end of one stage. 

+ .... \ /" 
'\ //.,}. " (I, y( ( ft1r..l hI ~ • 

Si\.lned: • •.•.......•.•.•.••••.••..•••.•••• 
A. D. Adams 

DOUET BROWN ADAMS CONSULTANT5 LTD. 

ADA/hb 
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APPENDIX F 

JAMAICA WORKING GROUP DEMONSTRATION PLANS, 
RESULTS AND FUTURES REPORT 

Jamaican Roofing Material Pilot 
Demonstration ~r~gram 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'Drews1and roof, Dec
ember 1977 

Previous Page Blank 
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'DOUE'T BROWN ADAMS 
·CONSULTAJ.VTS LTD. 

, LISMORE AVENUI. ICINQITON !, JAMAICA. W.I. 
TELEPHONE: 12.3481: ~ 
CAlLES: 'OOUITlIUa ICINGSTON 

CONSUL TING ENGIMEERS 

OUR III.P', 

'l"OUR "EI', 24th September, 1'.>76 

r!onsanto nesearch Corpor:l.tion, 
P.C. Box a, Station D, 
Dayton, Ohio 4,407, 
ti • 3. A. 

Attention: Mr. George Dall 

Dear George, 

Re: Low Cost Roofina Study 
for U. S .A. LD. 

Enclosed is a copy of the rrogr:u:J circul.:l.ted 
to all participants lis:ed on page 1 .:I.S yoc requested. 

Denny ~illi~s and I h~ve visited Gordyear to 
discuss arrangeQents and th~ncs are well in h~nd. ! 
will send you .:I. resume of nrraneecents made, in ticc 
for your ret~lrn to yo\!r Chio Office in mid Cctober. 

:'lo.:l.se no te tila t Goodyellr pref.rs tC' do the 
Banbury processing on Friday. 29t:l October, .:I.t 7:a.l:I. 
However, they are prepared to cor.tinue beycr.d the 
eight hour day if it is necessa%~. 

DOtOZ-r 

ADA/cf 

!::ncl. 

c.c. ~·r. Ival S~lyer, ~:onsanto. 

OUIiCTOfl!: 

40. ....... Co '110. loll. rTIIIUCT. L • '.0.1Il0lIIII. C .NIl. ... IC ......... ITIIIUCT •.•.• ~ ..... OOUiT. C '110. ".1. ITIIIUCT. I. 

~ OOVL ...... C.'IIO. loll.':' L • CoD •• "~I.ACI. C. 'IIOQ. ".IC.I. ".1. ITIIIUCT •. 
_ ... -.T!~ fW _ ........ MllMICA 
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,IAMI\l('j\ 

ROOFING MATl]UAL 

PIt..ar D~~SS"I'AAT:ON PRCG.lW'1 
"(Revised 6th Septanber, 197E) 

1. FIBER REIN[\IRCm : 'HrnOLlC DRY 8LDID ROOfING 1-'ATERlAL 

(a) Pilot Run - Canp:lunding: 25-29 October 1976 (!'Acrant Bay) 
(b) Pilot Run - Molding 1-30 November 1976(S~ish Town) 
(c) Roof Fabrication: 15-30 November 1976 (Hunts Bay STS) 
(d) Experimental process studies: 1 September - 2!l 0I..:tober 1976 (SRC) 

1.1 PARTICIPANTS 

J,.l.l 

1.1. 2 
1.1.2 

.i.1.3 

1.1.4. 

1.1.5 

1.1.6 

1.1.7 

1.1.8 

Douet Brown Adams Co~~tants Ltd. 
f.i!,:,:.== : .. \.:!.:.TI£, i..:,ofing P-.:vj~ Coordinatu~ 

Scientific Research Council 
Technical ;)~tor 
Fred E. Campbell, Senior Principal Scientific 

Officer 
Uran Bowen,Scientif:'c 0fficer 
G.I.D. Willi3mS, Scientific Officer 

Standard Building Products 
Ralph N. Corning, Jr., flr.esident 
Douglas Wynter, Tedmical Director 

Goodyear Jarraica Ltd. 
William R. McKenzie, ~anaging Di..""ector 
Richard R. Greene, Pn:::duction Director 

Helmut Schueller, Technical Superintendent 

926-3485 

937-9931 

984.;-2295 

926-8018 
982-2353 

Ministry of Hoosing 936-1590 
Rev. Gerald L. Mclaughlin, Special Adviser to the 

Minister. 

j·ts. :!ac!:..:·,c :6aac..;:; 'J ,;:. \..: Li ~ect 
Al &ic.~, Hunts Bay Sites & Service S1..4perJisor 

Berge;- pa..:.nts 
Dervin R. Brown, Tec.I-..nical ~.mager 
Ken Espeut, 

923-6226 

University of the 'Nest Indies (Physics Depa.I"'=:!ent) 927-0751 
Dr. ThOMS Hughes, Professor of ~terials Science 

Bureau of Standards 926-3140 
Or. A.S. Henry, Dire:tcr 
~.r. Campbell, Head, Ma. terials • 

. ..... /2 
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1.1.9 U.S.A.I.D. Mission to Jamaica 932-63140 
Nick J. Mariani, Program Officer 

' .• 1.10 l'bnsanto Research Corporation (USA) S13-268-31411 
TWX 810-459-1681 

George L. Ball III, Proj ect I..e.ader USAID Roofing 
Ival O. Salyer, Program Manager 

1.1.11 Jamaica Scb::101 of Agricul tun! 
Dr. Aston \I.bod, Principal. 
!it'. Lee-Sang, SJpeIVlsor 

l. 2 SCURCE OF MATERI.AI...S 

1.2.1 Whole Bqasse (20\ water) 

1.2.2 Baled Bagasse 

1.2 .3 Phenolic Molding mfer 

Std. &J.ilding ~cts 

) Scrocl of Agriculture 

) 
1.2.~ Iron Oxide Pigment ) liJnsanto Via 

1. 2 • 5 Penta Stabilizer 
) Scientuic Researcl'l Council 
) 

1.2.6 Poly bags ) St,-A1ard Building Products 
1. 2.7 Mylar Sheet ) Monsanto via S~ 
1.2.8 Alun:irn.m1 plates (3 ft. x 10 ft.) ~. ~ ~ .... ~~ 

IDOOIFICATION (PREFERRED MAL""ERIALS OR EOUIVAIDII'S) .J 

1.3. 

1.3.1 
1.3.2 
1.3.3 
1.3.4 
1.3.5 

1. 2.1 Bagasse sun and air dried to 20\ moisture, unprocessed 
1.2.2 Bagasse baled and tied into hay blades M5 lb/OJ. ft.) 
1. 2 • 3 PR 736 dry rra:lldiI-€ p:lW'e!', Monsanto Co. . 
1.2 .4 MapicoRi 477 Iron Oxide red or equivalent 
1.2.5 Technical grade pentachlOI"Opherol t l-bnsanto Penta 
1.2.6 tv 55 gallon size PE or PVC bags 
1. 2 • 7 Heavy duty Mylal- sheet (42 in. wide) 

MATERIAL REQtJIR-~ 

Weight BanburJ 
Parts , Ibs. 

Baled ...role Cag3.Sse(dry weight) 203 63 3100 
Pherolic p:!Wer 100 31 x 
Iron Oxide Pig::lent 19.4 6 300 
Penta stabilizer 0.16 0.05 2.5 
Process water 40 - 620 -

to 
'lUI'AL 362.56 100 4023 
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1.4 

1.4.1 

1.4.2 

1.4.3 

1.4.4 

1.4.5 

1.4.6 

1 .• 4 7 

1.4.9 

Basis -
4 houses x 750 sq. ft. 
Double coverage ( x 2) 
Area utilization 
M:in.lJm.m area n~ed 
Assune ",,20'1, losses 

- 3 -

7800 sq. ft. x O. 58 Ib/sq. ft. 
.Actual use 

Density 
Thickness 
Panel siz~ (finished) 
• .:..~ dt. .... .:.·,:y 

PRCCESS STEPS 

: 
: 
: 

: 

~ 

: 
: 

: 

: 

: 
: 

1000 sq. ft. 
t;OOO sq. it. 
41;\ ( 2 ft. x 4 ft. 
6522 sq. ft. 
7ROO sq. ft. 

'~500 Ibs of lIIate:-ia1 
3800 lbs . 

1.36 (85 lb/cu. ft. ) 
0.08 in. 
2 f~ Y 4 ft 
O.!ll Ib/sq • ft. 

Have all materials designated in 1.3 available 

panel) 

for panels 

Air dry bagasse to 20% moisture eont~nt [rom the 50% a~ it comes from 
the sugar mill. . 

Transport dryed bagassd (ca. 5000 Ibs wet weight; to bale:- at School 
of Agriculture, 
Bale whole lew :noisture bagasse into "hay bales" of ca. 1. it. x 1. ft. x 3. ft. 

Transport baled baga:3se to Standard Building Pnxluct~ for dry storage. 

Five to f.even days before processing of b~assc at Gxdyear ~brant Bay 
sample at least 10 bales (handful fn::rn each :rcm center), '~igh each 
sample, dry overnight at 100ce, then • 'e-I.'eigh imnedicltely upon reIT'Oval 
fran oven. Calculate \ moisture (Wt I Wt. ) 

lnltial - final x 100, 

Wt., . 'al 
- lnltl 

of each sample and !'ePJrt indivieual and a.verage results. 

Three to ~i'!-: rk~l~ pr: .:~~ tc :;.:.; a~: Gc~Cjl"!=t: ::!e:':":e~- ":,"'.,:. ::'.::..-~ eag.:.::;e 
(item 1.3.1, c.a. 4500 lbs), ?~ent (1.3.3) and ~ta (1.3.4) to 
receiving at the G:xx!year Plant, :1orant Eay anc r.ot::y H. Schueller, 
Technical Super:ntendent. 

Goodyear :5 to ?ut tcgetj,er no process based ':i: -:heir best judgement 
for hanCli."lg -:he syst~ and is to set up to iw::Ce the bagasse and 
powdered ;roducts, i.e. chute, bags, drJrrs, etc. 

The fol1a.;ing are process steps proven to work en ::mall equipnent. 
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Drying 

- ~ -
1.14.9.1 Use water' jacketed and cooled banlury inte1\sive mixer (assune 

""0 1bs ;'.iie rut start with a 3UO 1b charge). 

1.14.9.2 Clear banbury of excessive residue. 

1.".9.3 Turn on ~J 

1.14.9.14 Adc! 150 lbs of baled bagasse (180 1bs Wf.lt) to banbJry <itan 1.3.1) 
and pressurize to canpa..:t. 

1.14.9.5 Add slightly pre-b1erdoo iron oxide (1.3.3) 28.6 1bs, 
am penta (1.3.") 0.251bs. (Caution: 
han::lle penta with care , it is highly toxic if ingested). 

1.14 .9 • 6 ~jx in b:mbury unt il vo1lmie reduceO (1 to 2 minutes). Dete:rnri.ne 
if additional .ater need~. 

!.~.9.7 ,Add addl.tional 150 lbs of baled bagasse (180 1bs wet) to banbJrJ. 

1.".9.8 Continue mixing for additional 1 to 2 minutes. 

1.14 • 9 .9. Drop banbury ch!rge throogh clute to p'ly bags ( 100 lb each) arrl 
tie. 

1.".9.10 Cleek processed material far fine1\t!ss of fibers an::1 degree of mix. 
Fibers small and red. 

1.".9.11 Repeat steps 1.".9.3 through 1.4.9.10 until 4000 lbs of bagasse an::1 
p~t!Ilt have been proc.:essed. 

1.".9.12 Repeat steps 1.".9.3 through 1.4.9.10 omitting step 1.4.9.5 (p~ 
addition) until 1000lbs of baga.:;,.;e have been processed. 

1.".9.13 K!ke sure all poly bags are sealoo by ties to prevent :roisture 
pick up. 

1.".10 Transport processed bagasse to Standard Building Froducts, Spanish 
Town for dry stor3ge. Identify af" "BanbI.!!'Y Bagasse Pigmented" arC 
"Banbury Edgasse". 

1.".11 SamP'.~ '," ~s ao
' ... ~an arx::l c!~temin'~ ooist''.!'''! ':C,ite"':1'" ,"~ 'n itE'" 

1.4.6 
_1.4.12:f lOOist"~ conte.r:t is greater tren 3\, dry all material ir. ovcos 

a: 75-10COC for a to 16 hours until moistur€ content is reduc~ 
tc less ~rdn 1\. Sample ~ test to validate. 

1." .13 Bag dryeJ Bant.uy 't'dgasse to 1<C{'P out rooisture and keej) sealed. 

1.".1" The next pa..-t vf the process includes the dry blending wit~ a yher.olic 
resin anj :00lding into 2 ft, )( 8 ft. x 0.08 in ?Mels (to be .:'Jt to 
2 ft. x 4 ft. p:uiels rurl Jrilled) . 

• _ 1. ~ .14.1 :1ake ava :'lab1e lew speed blllk rnbccr. 

1.4.1".2 We~~ ~u: a =onven:ent quantity of the banbu~1 bagasse (pigmer.~ed) 
for ~~e .~~er to b~ used, :orrec~ing ~cight for :oois~~ ccn~ent 
(if any.) 
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• 

r:~ldir',U -.= 

• 

• 

- 5 -

1.14 .i14.3 Weigh OUt the equivalent .!IrIOJn~ of phtlnolie Fowder (It. 1.3,2)., 
i .•. 31 Ibs in 69 lbs of 1.14 .111.2 

Note: Since tlJt actual moli.H.nc is to tA 1.5 ft. x 9 (t. x 0.08 
in, which should weiah 12.75 Ib>, the initial~. to 
the IIIOld should be I~ lbs (110\). 'lIII. blenJs hevJns 
int~ sizes woulQ be de.irable end cawiniwnt. 

I.~.I~.- Add 1.~.1'.2 sncIl.~.lo.3 to blender ond IIIix tho""'i/lly. 
Shoulcl rooqu;r. only ~ fr.l minu .... 

1.- .10.5 
I.~.I~.G 

1.~.1~.7 

1.~.1~.8 

Not., This shoulcl rot be done more then 2 ~ ahOOd of 
""lcIlns unless blond is Plt beck into bq. to eliminate 
zr.:d. IT'IJ1'''e picJc: "'''P • 

.veigh out portic:rn for 1 - 2 x 8 ft . paMl, Le. ll.l lbs. 
Prepare "dry c:utirlg" mold conailtlng .)! 4 suppcrtirl; layer 
of all.ninil.ml (3 it. x 10 !t.) I a shftt of heavy duty mylar 
( 142" x 10 (t.) I a box tnne with an inside c1iJnension of 2.S ft. 
x 9 ft. and a thicl<nus ot 0.211 in . . 

~ . 
Not., A "I .... saent (I'old Wi: E-G) Moulcl be sprayed onto 

the IIylAr Sheet •• 

Distril:AJt. 1._.1~.5 ~ inside "d<y c:astlni ""ld. !<alee lev.1 
sncI fine level with thin trevorsJns sh .... 

Note: This step 1.1 a\e of the I!IOft critical in the procels, 
e.pecially since it IIl1St be done lNUlually. Groat care 
should be Ule:1 to ensure C\ even density dUtr.1Wtia\ 
ever the entire 1ZD1d. Low dansity oU'U!I will nat mld 
po:oporly ruultJns in • reject port . 

R<mov. thid< (0.2~') bcoc hWM lTd replace with thlnnor Itop 
freta (0.08 in x 2.5 ft. x 9 ft. lnsida). 

1.",111.9 Cover mld with sec::c:n:i ,heet o{ :+,olar ( 112'1 x 10 tt.) and 
alllllinilJll sheet (it thiI ._ daI!rabI.) 

1 . :'.~1,.lO .'ra.-, .. :tIl' !,"I,;·l~ 1tD:J c:AJa:rutJ..Y to ~ht 5.\''' ''~ ~ : ,: ~ ... _,P ', I. :..~ 
pr.u an:1 line up tor iM .... ··tien. 

1.'.1'.11 Preheat pnos. to 2150r lTd tdjult pnos"," far 3 ft. x 10 f1: ....... 
to be at lust 300 pd. 

1".1~.12 Shuttle fWecI molclinto pnos. end _lAt.ly Apply pnollure. 
1.~.1~.13 Hold pnSIUA !cr 2 minut .. (':Une to be a.c1justed as mult. 

dictate) then Q'op to near zero ( SO psi) to vant Ioater and 
volatile. far 30 .econa, the!. reapply !'JU prasun tor 
additional 10 minlt.s. (rirst time hold tor 25 minltu to usun 
I!I)jcllns then with 1XpC'ienc:. cIecroU. to 10 minltu). 

1.~.1'.1~ ReI .... pressure, open IIIOld lTd have V&emI:I sl'lm:l. pick up mold 
ond port (it polliblo ell It once). 

1.'.1'.15 Transf ... port frcn pres., .trip _y mylAr tntl Wect. 

1.-.1-.16 '!'rim port into 2-2.0 • ~.O f1:. ponal.. SITd!! necossezy tor 
- qu . 
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1.1+.11+.17 Drill holes into panels in number and spa~ing according 
to drawings to bt:! provided by Alfrico Pd3ms. 

1.1+.11+.18 Repeat 1.1+.14.2 through 1.4.14.17 until SSO - 2 ft. x 4 ft~ panels 
have been prepared ("""+25 cycles). 

1.1+.11+.19 O-1t a to be specified quantity of panels im:o 2 ft. x 2 ft. and 
1 ft. x 4 ft. pieces to be used at roof 'CI'ansitions. 

1.1+.11+.20 Stack an:1 store panels in a dry area until Ministry of Housing 
is ready for them. 

1.1+ .11+.21 SRC is to take 10 - 2 ft. x 1+ ft. panels for' evaluatial at SRC, 
l!WI, JBS, Berger an:1 MRC. 

1.5 ROOF IN'STAUATION 

1.5.1 ~sl~ ~.;iic t-.'=USe and subS't:U~ t""at: ic; t"r hII! :~f~. 

l. 5.2 .:ie1: detailed drawings for hoose. 

1.5.3 li::x!ify drawings 1;0 ~re:te roof consis'ting of 2 x 1+ ft. flat 
panels. 

l.5.1+ I..iS1: changes, additions ard ~ssible ;:xroblem areas such as 
transitions. Indica'te hew ridge, eC6f!S. etc. are to be handled 
being very specific. 

1.5.5 Get Ministry of Housing ~val for design. 

1.5.6 Dete:mine dates construction at s-cage where reof can be installed. 

1.5.7 Set necessary details into rotion to have roof insulled. 
(a) order canponent9 for transitions 
(b) order nails 
(c) order other materials 
(d) make laOOr availd.ble 
(e) discuss details with job supervisor and empra;;ize imJ:ortance 

of proj ect and resul ts . 
1,5,9 Have -:oof or roofs installed with detailed supervision a1: all 

times and recording of results onte 35 mm slide f~. 

1.6 ME::'HOOOLCGY 

1.6.l Alfrico Mar.s =>f ~8A ~.s ':" co-orC.:..r.dte the ent;~ ~ j rv:"'t &"r' is 
~O :.61"ki....l ·:nf: sped!ic cetails of 'ttle actl..lil. roof:.r~ Jt} ~:::tc;m .L.S). 

1.6.2 G.I. Cerny ~i:liar.~ of S?C is to co-crdL~te all aspects of the 
Material 3.."'.d ~~ss requL""'efTlents des::::-ibed i.i i tm.s 1.2, 1. 3 I 1. ij 
and to :~~lly .ssist ~~ item ~.S, 

l.6.3 George 2a!l of ~C hc.s g'Jtten agI'etment ::-:rn ~: ~icir:-mts 
and co-:I"<1i.n.!':~ to co-c~-!"ate Li their '/a!"i;;us tasks provided 
we are a;:,le to ::U.ni.'nize i~dividUdl. problens arrl :":eep ~le 
scheeules. 

1.6.1+ It is anticipatL>d that the b.!nl::uzy IoOt'k .... i11 take (.ircluc!i..-,g 
gett:ing :'Cd.dy) cr.e week, ":hc r.ol:!i.r.g 1 rn:nth, dn::! the construc
tion 2 to 3 .... ce~~ fer d total e13psed time cf 6 to 8 ,~s. 

1. 6.5 Stanea..-.j euil~': .. :w, ?:-:C...:c-::; · ... ill handle t":'ans;:crt .me supply of 
all :'dgdSse. Tb~v ...,i:: ;;rcvide fac':'lities a:)j lMJ".~ for all 
a.s~s of t!":e ;r>:cess i t€T.\S in 1. to .14 • ·,.;i:..l pro';iCe alLJn.inium 
sheets and ~ dr.~ stcp f:'4mes fer ~ssing. 
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1.S.6 Goodyear is to provide all aspects of process items 1.4.8 through 
1.4.9.13 

1.6.7 SRC is to provide analy~ica1 testing sup~rt for moisture content, 
preliminary blending and rolding of pc1nels L"l the lab, techniw 
suPJX)rt, drying, (item 1.4.12) if necessary and sUPl=Orting labor 
to assist in the overall proces$ Unplementation. 

1.6.8 George Ball will r.e available fol' supervision to cover pr~ss 
steps 1.4.8 through 1.4.14.17 and therediter within reason. 
l-bpefu11y tlJne and scheduling will also permit Sl:.pervision on the 
roofing construction itself n.5). 

1.6.9 The School of Agriculture, near Spanish Town, has agreed to bale 
the necessary bagasse in their fussey-Ferguson hay baler. sap 
wil' take bag~~~e t~ ther. fo~ ~ing 

1.6.10 Alfrico Mams is to co-ordinate and implement all aspects of the 
roofing consnuct:on (1. 5). He I.¥Ul Ioo.Ork thrcugh Al Richards 
at the Ministry of Hcusing. 

1.6.11 George BdJ.l. is -co have items 1.3.2, 1.3.3 arrl 1.3.4 shipped 
to SRC for fu1:Ur'e ttansfer to G:odyear arrl sap. Actual. 
q'.Jantities will be respecti'/ely 1600 Ibs, 300 lbs, arrllO lbs. 
Also to ~ide a roll of 4211. Wide heavy du"ty Mylar sheet, 
fobld Wiz t.-6 Rele~se Agent and 50 Ibs. of K3.gnesium Oxide Pigment. 

2. ORIDmIl FIBER CDMroSm PFOCESS 

2,1 Since the OfC still looks pranising, ~ether for roofing or 
interior panelling, it should be further explored at SRC with 
assistance fran SBP arrl t'€sidual eagasse fran Gxldyear. 

2.2 All necessary equitnler:t for a laboratory run n::w exists and will 
soon be operable at SRC, Le. extrar:tor, defibrillator, press 
anj miscelbneoJs accessodes. 

2.3 Wit~ the precessing of bagasse (item 1.4.9.12) properly defibri
llated bagasse will be available, It will need to be screened 
and/or washed to be readied for f~her precessing. 

2.4 A l$"&e ;~tity cf P.A-2 liqu5.d pherolic I'e'3:"" ~s Ijr ·"e way t.., 
s.f{C. 

2,5 Gecrge i3dll '",ill. ~ss:'s: in making ldI'f,€ flat criented pdnels at 
SRC ard SBP if a:'':' equip;leIlt is i.., · .. orking oree!' em:! as dme 
allcx.lS cur-i.r.p- items 1. 2. :hrough 1. 5 It is exyected fu-:ure PJ.:J 
funding my also o3llcw furt;'e!' Ioo.Ori< on this process, rut rothir.g 
can yet be committed. 
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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 2B October thru 12 November 
and includes the critical plans to complete the roofing demonstration. 

1.1 The only ~~~nge in participants is that John Crafton is now 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 SummJry 

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 
is a 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 
fiber~ 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/ft 3 (dry basis). 

A coarse fraction of fibers and agglomerates were observed in the 
banburyed product. Thus all material 1s 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 dup. 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 lO~ 
weight loss reducing our yield to 3,300 pounds. 

The drying procedure is exactly as used in the laboratory and is 
being conducted at SRC. lhe process consists of heating at 850C 
in an air-Circulating oven overnight. With only one oven our yield 
1s 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 i~ 

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 
resin. Batch size is 14 pounds (9.8 pound pigmented bagasse/4.2 
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 Bui1~i~g Products far molding. 

1.3.4 Molding 

Molding also is a direct scale up of the I1RC-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 
(0.655 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, 
an identical release agent coated plate is put Oil top, the plates 
are taped together and the package is sent into ';he press. 

Actual thermal molding is done in SSP's 5 ft. x 11 ft. laminating 
press. Molding temperature is 1350C and pressure is 200 kp/cm2 

gage (estimated at 700 psi on the part). Total molding time is 17 
minutes. The press is first closed (requirinq 45 seconds), held at 
pressure for 30 seconds. then bumped open and closed (requring 50 
seconds). and finally held at pressure for 15 minutes. 

(If advantageous 5 minutes could be taken off the last 15 to reduce 

total time to 12 minutes.) 

-3-
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1.3 Status contd. 

1.3.4 Molding ccntd. 

A good molding is produced wit~ 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 t~ 5-man team is needed for the molding operation. 

1.3.5 :r~'illl1ling 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 Z 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 

'. 

rhe 26 in. width accorrmodates a 12 in. lath spacing of 1 x 3'5. 

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 Jfter the nail first goes thr0ugh another shingl~ at its 
centre line. 12 i~. of shingle is exposed. Shin~les are staggered 
so no edges line up. A regular 24 in. pattern side to side is 

used. 

·4· 
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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 
Al. it is much lower than desired for a shingle roof. Thus sealing 
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 
p1ec~s. Painting red will be done for appearance. 

1.4 Project Plans 

1.4.1 Denny Williams is to supervise all drying. blending. molding and 
trinming. 

1.4.2 Drying and blending is to be conducted at SRC. 

1.4.3 Molding and trinming 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 ~inimize the days required 
for molding of the roofing ~anels. 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 ite~ 1.4.2.4. 

1.4.5 Denny Williams is to ~o-ordinate the drying pr)cess to maximize 
output from this limiting step. Since 30 days (nishts) will be 
required. weekends should be utilized if at all possible. Alter
natively, additional o~en space could be used if found. 

1.4.6 All panels should b~ molde1 by 17 ~ecember ~ith partial deliveries 
for roofs as they Cln be made availJblc. There are 25 week-days 
available De:~een now Jnd 17 December (35 calendar days'. See 
item 1.~.14 and 1...\.24. 

-5-
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1.4 Project Plans contd. 

1.4.i 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 Alfr1co Adams is to draw and itemize simple roof shingle details for 
a typical roof. 

1.4.9 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 Rich~ids to facilitate 
getting maximum exposure time from panels. 

1.4.11 Roofing of one (1-1/2) 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 ft2 of roof (2.200 ft2 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 Nov~ber at 95-97 
Hunts Bay 24 shingles are required per 90 sq ft of roof area 
(i.e. a good conservative e~timate 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 43S shingle 
area utilization (3S short of a ca1ucldted 46% 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 ccm~leted. 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 'lieathering of the roof for 30 :jays should be 
conducted to remove release agent from the molded shingle surface. 

-7-
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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 d0 noi 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 pos~tive or negative to A1frico Adams. 

1.4.19 A1frico 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 s"imple 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 A1frico 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 
perfonnance and beauty of the flat shingle. Consideration Sl1ou1d 
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 
possibil ity of wat·er ingress. 

1.4.27 The demonstration panel fabricated by Earl for A1frico Adams 
sho"ld be reconstructed with good shingles. This display should 
be presented to A1 Richards at M of H for th~ purpose of demonstrating 
the roofing material to future potential users. 

-9-
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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 in water 
(24 hours and 170 hours) both wet and following drying are to be 
determined. This data should be sent to SRC, A1frico Adams and 
George Ball Results would be appreciated by 6 D.~cember. In \~ater 

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 n21 
be used since it has a very negative connotation in Jama1ca 
(about as bad as cou-dung). Giving the product a name that 
indicates it is a 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 it is more 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, SSP - 3, 4, 6, 14, 24, 30, 31, 32 

Al Richards, M of H - 6,7,8,9, la, 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 

-11-
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KINGSTON - JAMAICA 

Roof inq Demons,tration Proqram 
(26 October 1977) 

1. This information updates the information distributed 12 November 
1976, concerninq the Low-Cost Roofinq Demonstration. It incorpo
rates the events during the visit ot George Ball 17 through 
26 October. 

1.1 The objective of the visit was to (~) review the performance ot 
the BRP roofs installed at Hunts Bay in November and December 1976, 
(b) construct, if possible, another root trom the BRP panels made 
in Decomber 1976, (c) construct a root trom BOB corrugated panels 
made at Seattle, and (d) determine degree ot interest and capabil
ities to proceed with a product development stage. 

1.2 Participants - A number of key personnel have left Jamaica. How
ever, active participants are still available and enthusiastic. 
They arel 

Al!rico Adams - SMADA Ltd., 9260331 

John Crofton - Std. Bldg. Products 

Denny William~ - Scientific Research Council 

Or. Arnoldo Ventura - Technical Director/Chairman SRC 

Ms. Nadine Isaacs - Ministry of Housing 

Ken Espeut - Berger Paints 

James Campbell - J. Bureau ot 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 nail. 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 con3tr\lcted 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 lix~ wood shingles (60' overlap). 
These BRP panels were manufactur~d 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 S~C on a shed using ~of Maker 
painted, oriented ~ib~r (POB) corr~qated panels (~'~O"x2'2"). Instal
lation proceeded 11ke any other roofing material using five nails 
for attachment and two peliod overlaps. (5 full and 5 half panels 
were required). Thi. repr.uents the lowest cost alternative avail
~ble from this research pro~raM. 

2.1.6 Considerable interest and enthusiasm exist~ in furthering the 
program to make either or both (BRP and sos, of the roofing mate
ri~ls ccrnmerclally available. Interest allo eXllts in pursuing 
other applications for the ~aterials. 

2.1.7 Those organiz4tlons and ~ndividuals listed 1n Sectlon 1.2 all agreed 
to particlpate In any rutlue e~!ort. Importantly, Major commit:nents 
will be made when an ~ID-sponsored ?rogram is 1mplemented. Assumed 
needed is product deflnltion 5nd development, process refinement, cost 
reductlon and plant dcfinltion. 

2.1.8 A press release was issued !rom SRC to the Aqency !or Public 
Informatlon and the Daila Glea~~r indicating the end of a success
ful phase. (See attacn' ). 
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3. ~ 

A few items remain to be completed for the existing program. 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 Nac1ne Isaacs. A size 
of approximately sao 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 
shinqles and a pitch of at least 1 ft in 4 ft. Double overlap is 
~C' required, but at least a 60' overlap is sugqested 3nd shingles 
should be staggered. (Average ~S.2 in. x 26 in.: thus ~600 shingles 
needed for 500 sq ft roof, or ~2S0 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 ~a~er" paint. This is to prevent wicking of water that 
hangs on the lower edge during a rain. 

3.8 The carpente~ at SRC is to finiSh of! the roofing job by closing in 
the sides wi~h BRP panels. The ~ood should then be ?ainted to 
match the r~s~ of t~e shed. 

3.9 A. Adams should send any ?ublished informatlon to G. Ball, Monsanto. 
Mlssion Dlrector Lion at AID should allo be made aware of any 
publicity. 

3.10 A. Adams is to arrange a m~otlng between Dr. Ventura, SRC, anrl 
Tony Blackwood, David O'Keefe, and Carol ~orin of ':'her.noll!t Ltd. 
to provlde ~n lnterchanqe of 1nterest. This w1:1 have to be after 
7 November. :'het":1lolet should have 01 preliminar"y' j:ll'Ol'oul. Ther.nol8r 
is at ~7A Half~ay Tree - Phon~ 92-969Sl. " 
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4. THANKS 

I wish to express my gratitude to 'a host ot diligent and enthusiastic workers 
who made the rooting 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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SIC P..... aile.tone in d.v.lopinq rootinq 

Nterial. 

Dr. Aznoldo Ventura, Chaj,zman/Direc:tol' ot the Scientific R .. euch 

Council today IN\ounced the .ucc ... tul c:caIPl.tion of the n .. uch .taq .. ot a joint 

SIte/Juaiean Indu.try!USAID/Honaanto 1le"&1'ch COEPQration proqrUlft. to dev.lop 

alt.r.nativ. roofinq mat.rial. and proc ••••• that utilize abundant Jamaican 

re.ource.. Expe1'iMntal roofinq pan.b and root. lIIIlftutactuZ'ed and in.talled 

in the Kinqltcn/SpanUh Town &1''' p .... d th.ir initial two-y&&1' outdoor .xposure 

t •• tinq. 

Two candidat. rootinq matutal 'YltlN ",re d.veloped in the tour-year 

proqra:zane. They an also projecte4 to be u .. tul tor other anas ot construction 

includinq wall and c.ilinq pan.la, table and counter tops, .hutters and door~. 

The •• materials that ranqe in indiqenous content trom 70 to 96 percent are touqh, 

durable, colourful, water and fi;:e redstant and have the potential tor use both 

in very low COlt and hiqh performance roofinq applications. Roo! coverinqs 

anywh&1'1 from 1111&11 individual vood-Ulce Ihinqlel to larqe efficient corroqc1ted 

sheets can be fabricated. 

Th. material~ con.iat ot fibre-touqhened durable resins that also have been 

proven in .imilar ventures in Ghana and the Philippinos. 

Two roots vere inatalled at the Hunts Say World Bank Sites and Ser/ices 

La PrQj.et in November 1976, andLthird WAI just i~talled at SRC under the supervision 

ot SIW: peraonnel and with technical Rpport trom Kenaanto Research Cot;loration. 

A fourth larq.r root 18 planned for tM ICJ.nq.ton area later this :nonth. 

I . ••. 
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The IIIatadala and root panel. ,,-re aanutaetered jointly at Goodyear 

Juaaica Liaitad, Morant aay, the Site LAbontod •• , Hop. Road and Standard 

Building Produc:u, Spanbh ToIm under the IUpemaion of SRC penoMel with 

G. DeMY Willi ..... the project technical .upervi.or. Root .it .. wen 

.elected and provided throuqh tn. Miniatzy of Houeinq by Nadine I.uc. and 

Al Richard, Architect. 

OVerall coordination ot the rooting development proqrlll'llle va. provided 

by Alfrico D. Adame ot SK\CA Limited, who tied toqether the various neceuary 

local technical di.cipline., induatrie. and 9owrnm.nt agencie. in .upport ot 

a Monu.nto !W.earch Corporation, Dayton, Ohio, Contract to the US Aqency tor 

Intarnat10nll O,vIlopmtnt, W'~hinqton, ~.C. 

George Ball, the Project Leader for Monsanto Research Corporation, Itated 

in revieving the results in Kinglton thi. pa.t v.ex that " the lucces.ful 

completion of the r.search stage and the performance of the roofs, vill provide 

the bAlis tor recommending to USAID a further etfort to include product dovelopment 

and procell and pertonl)&nce optimi.ation. Thi •• ttort, projected for 1978-79 

would culzrUn&te in lIIAl<ing a roofing product available to Jamaica thnt would 

benetit its economic position and create jobs." 

Dr. Arnoldo Ventura also added that "the r..ultl of tho progrAmme 

illustrated very vell the role that S~C ha. been playinq and is ampli!yinq 

vith respect to .ncreasinq Jamdica's sell-reliance. ~~. lac~ th~t this 

programme il .ll ita fourth year also illultr2t •• that there i. a 'inite, but 

fore.eeAble tera in achieVing the de.ired benefitl." 

Scientific !Wae.rch Council 
OCtober 24, 1977 
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QUill III'. 

SMADA CO., LTD. 
(WI" Compulen &; PtocaIi .. ) 

I HO'I AOAO. KINGSTON 10. JAMAICA. WIST INDIES 
TII.EI'HONf: i2~1 • CAlLES; ALAOA'" KINGSTON 

l'Iansan'to :tesearch Corporat lon, 
lSl~ Nicholas Road, 
ua~on, 01'.10 45418 
U.S. A. 

Attention: Mr. Georie Ball 

IJ.ar Ileorl,j II, 

lie: Low r uS't ilooHng Study. 

I enclose a couple of clippinjs of lnterest. 

JOth Noveaber, 1977. 

*e nave Lnstalled 45U sq. ft. of reo! at Drewsland as arranged. 

The cOClunity self-help workers asked fer the remalnir-6 panels to 
en end this to another 2:l0 sq. !'t. on the remaining nalf ot the buildina 
enensien. 

Tne final reo! will probatly leok rather like a ~atch work quilt 
as at least hal: m- ene slu~e will be of some ether material. However, 
we can make a virtue ef nece~sity by considering such an area as a 
control fer cemila:l.sc.11 of durabUity.etc. 

r will ~nd ~ictures wnen they are developed. 

As we eXilected, yeur allocatl.cn ef funds for :at~rla15 etc. was 
t1ce.;ded but ... eMY Williams man~ed to arrani/e helil t"rum jrt~. 

7he roo! at S,C has ,lerfor:ned very badly. The:a ~!1t is very 
inadequate as waterprceflng. '.Iater seaks right tllrou~n. 

~en :.speut c;;ru'.r:::ls trot r. .... ilalnt 1, .. as mainly crear.eci for insulative 
ana reflect i ve prop. rr.les anu r am nO'ol about te adv ise wel1ny · ... Uliams to 
\lse tl\e ori,51.nal Citum1.nous alW'llrtL.um paint · ... nl.ch 1.5 a stocle item at 
Derier. 

un c.speut hGis Lndicated nis .. re!~renc'! fer th1s l .. 'tter "aint i:l 
tM lLifht ef t:.e perier:r.ance of ~ similar paint on ';he ex;:osure fence. 

/2 .................. , .. 

ITIIUCTVII"1. , ""11. lPoCI"'IIIII"'O "Po"1. 'l'SI' • 'IIOJeCT "'''Po'''QI'''INT .. "'"I. ... "s 
DIII.crOIlI: "I.,IIICO O. "0""". "',1. I/'llct. c ...... I.LJ •• C ...... II TI 1110 ''''01''11111 • II..ATII. J. AO ...... S 
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(2) 

I~ Ls ay view that the roof vLll deterLorate rapLdly unless ' .. 
a\lrove lts lJ1lpe,rvLousness. 

AJJA/sc. 
r;ncls.' 

Yours nuly, 

l ;Xi /'lcio.~~ , 
Alfrlco D. A~s. 

SMA.uA Cu. I.r lJ • 

c.c. Mr. K. ispeut, Herger ~aints Jamalca Ltd • 
• '11'. !J. Wlll1us, ScLen1iU'Lc Research Council. 
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With lhp (:omplimf'Ilt,' 

uf 

SMADA CO., LTD. 
Woa", C\)mpulcrs &; PrOC:Cuinll 

8 Hope Road Cables: 
KinplOll ) 0, Jatnllica, W.l AlDdams Kinctun 

Telephune: 
926·033} 

-
I~' • New buiiJing proJuCm 'created here 

BY C. ROY REYNOLDS 

I Tbm! Iw been a btl 
brullthl'1lUp in the ~ftlt rrt 
~lIldinl materials from loca! ,... 
maleriAJl. It involve the ~Uon 
of pruducta that have eo ID " pII" 
mll Ioal materialt. 

The DaU, N__ hal been iJt. 
formed that the producta came 
.fter a four·year raearch 
Pf'OIrtimme eamed ow. II the 
Scientific Raearch ~, with 
colla bCIIr IliOn of klcal induItry , 
USAID ud IIIcJaMnto ~rdI 
CorlJaration. 

The new producta have alrMdy 
ben ,jeW taWd Ind an be \WId In 
l'GIIi!ftI ••• ceililll .. nell, ta.bM .. ~ .............. 

• • f ••••••••••••••• 

doors. 
Ezpefimentai roo(inc paneIa and 

rooUmanutac:tured from the new 
matena. were inlt.Ued It Ber.er 
Part in KiftlSlon and h .. ", poUNd 
rae inJtial outdoor expowre lats. 
n. DeLI, N __ undent.nda thaI 

blpsse il one 01 the cruel com· 
ponents oflhe new malmals. They 
are ~ 10 be touih, durlble, 
coiourful, water Ind fire r.il&aat, 
'With potential for 11M "In ~ low 
call and hiah pa'fannance roann. 
awliClUor." . 

The material can be pnpertd ia 
individuaJ wood·lib atufllla, III' In 
lul- CGI'1"CIpted lheetinp. 

Other inlLallationi of \be 
materi&la·ba .. been earned aut It 
the Hant'. Bay Worid Bani Sit .. 
IIId s.mc. .... jed ill No. __ 

---. -----~------
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lalt year, and It the Scientific 
Research CGuncillt Hope. A fourth 
and lar •• initallaUon II due shortJy. 

The producta themselves "re 
maaulactlnd joinUy It Goodyear 
Jamaica Umited, Morant Bay: the 
Sclentiric Relelrdl CAunclI 
laboratories .t Hope, and the 
Standard ~lUIn. Products planl 
It Spanllb Town. Root illes were 
Mlected Ind provided tbrau&h the 
Minislry of HOUIin •. 

Commentin. on the dtvelo9ment, 
Sclentillc Raurc.b Council 
ChiIrmaD-Dlrector, Dr. Amoide 
Venturi Wet "the resulta of the 
pl'Ull'arMI' IDuItrat.ed YerJ well 
the ~. IAAt the SRC baa beea 
pWYUll aod II lrapUfJU!l with 
I"apeCt 10 Iau 'ac .JaIu6ca', 
-"-nUance" , 

----
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OUII III". 

"OUII III,.. 

SMADA CO., LTD. 
(Willi CDI8,u.", A ~) 

• He'E 1'I0AO. KINGSTON 10. JAMAICA. WEST INOII$ 
Tt!LE'HONI; g~3:Jl • CA .... S; ALAOAMS KINGSTON 

8th Uecemblr, lS77. 

!ansanto Kasearch Corporatlon, 
1515 ~lcholas noad, 
uayton, Oh10 45418 
U. S. A.. 

lnentlon: 

Dear lieorge, 

i·ir. Jeorse !lall 

ne: E%perlmen~al doof 
Davidson Crescen~, 
Drevsland, Kingston 

I enclose some unmounted transparencles of the experimental roof under 
ccnstructlon. !lue to our usual lmport problelllS there are no card lIIounts 
to be had ln Jamalca at the moment. 

'fhey are somevha~ over exposed due to my inn:perlence ""lth the callera 
but some are usaLle. 

Ra!'tars are 2" x 4" pl'tch pine a't 2 f't. crs. Laths are 1" x 2" a~ 6" crs. 

Uue 'to the elevated slte l't proved dlfflcul't .0 ~et vielJ on tn! full 
roof. rhe couple of hal! h1dden shots from a dls'tance are \ll\!ortunat.ely 
the worst. 

Un completlon of the fln1shes etc. we will arran!e to ~ake another felJ 
more shots. 

f.~. ~lj~ ~ ~ beok • "'~A ~1~ ~ 

AJJA/se. 
Inels. 

~. 

ITIIVCTY"AL , CIVIL INQINII"INQ ANALV"I •• "OJICT IoIIANAQIIoIIINT ANAL"'" 

OllttJCTO"': AL'''ICO O. AOAIoII,. 101.1. ItruCI. I .. IoII.I.I.J .. C"""TI"IO INOINII" • Il.ATl:L. J. AOAIoII, 
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'1 i . .... .... ~ , 

£~ .~. rJ'l ..,. ~., ... ' ~ 
• ~~.... ,U·· ..... ';;'~1IiI!! 

• :..:. ': ..... -. ~: ..... .1 ~~ - : ...... ,./-:::--.-,... .. -~~ ... ;...-.. -----
.~.w.;.... .' ..... -~ •.. ' -....... 
'ic.'. ,~. ~ Jj;,. .. 

Figure F-1. A house at Davidson Crescent, Drewsland, Kingston was 
roofed in November 1977 with 13 in. x 26 in. BRP shingles 
manufactured at Standard Building Products in December 
1976 under the supervision of Scientific Research Council 
personnel. 
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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 
ROOF I r\G I·IA TER [AL 

P II.OT DEI,:')NSTRATtON PROGRAr·, 
-( Rev i sed 12 Augus t 19i"6'j-

1. FIlIF.R REINFOHCED NIH URAL RUBBER ROOFING i-t/\TERIAL 

(A) Experimental run Saturday. July 1976 (Accra) 
(B) Pi lot run - Sep~ember 1976 (Accra) 
(C) Experimental process May-July, 1976 (Kumasi) 
(0) Roof fabrication - September 1976 (Kumasi) 

1.1 PARTICIPANTS 

1.1.1 Building and Road Research Institute, Kumasi 
Kof; Obeng, Roofing Project Co-ordinator 
J.H.S. de-Graft Johnson. Director 
A. K. Chatterjee. Head MateriJls Div;s;on 
Professor Kuffollr, Chemistry. UST 

1.1.2 Ghana Rubber Products. Industrial Area, Accra 

Phil Westray. General Manager 

1.1.3 Ghana Sugar Estates Ltd. 

Accra Office - Dim Vander Heeden, Managing Director 

1.1.4 R~iss and Company (Importers). Accra 

N.B.X.P.M. Meijer (to August 1976) 
J. Assenberg (after August 1976) 

1.1.5 Forest Products Research Institute, Kumasi 

F. W. Addo-Ashong, Director 

4221/2 

21771 

Tele'C 20BB 

63424 

65105 

Telex 2040 

5770 

1.1.6 Monsanto Rese3rch Corporation (MRC), 
Dayton, Ohio 

513-268-3411 
TWX 810-459-1681 

;val O. Salyer. Program Manager 
George L. Ball III, Project Leader, USAID Roofing 

cJ '& "J"" ,Ie (. ,. yJ' J)-/fI" 
.,1,. = d. rr.U,/fI" 
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1.2 Source of r·I'terJ..~ 

1.2.1 Natural rubber 
1.2.2 Su 1 fur 
1 .2." Steari c Ad d Ghana Rubber Products (G.R.P.) 
1.2.5 Zinc Oxine Accra 
1.2.7 Pigm2r~ - Iron Oxide Red 
1.2.8 Magnesium Oxide 

1.2.6 Hho1e Bagasse ~ GHASEL 

1.2.6a Drying of Bagasse 1 1.2.12 Antimony Oxide BRR! 
1.2.13 Aluminum Paint 

1.2.3 Chlorinated Paraffin 
1. 2.9 F1ecto1 H Honsanto via } 1.2.10 A100 Acce1crat~~ Reiss & Company - Hr. J. Assenberg 1.2.11 Penta Stabi1izlr 

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, KRLT~ 
1.2.13 - Acrylic or oil-based, aluminum flake con~ercial paint 
1.2.3 - Ch1orowax 40, Diamond Shamrock Company, 40% C1. 

1.3 

1.2.9 - F1ecto1 H pO'f,der or flakes, !~onsanto antio:ddant 
1.2.10 - A100, Monsanto aldehyde amine accelerator 
1.2.11 - Technical grade Pentachlorophenol, Monsanto Penta 

MATER IAL REQU I RE1-1ErITS Tcn~ 19foIS--1 

Ht Hid-Aug Mid-:;ept 
ill (lb) '!iJk.. Pa rts (lb) 

1. 3.1 Natural Rubber -10 100 20.5 51. 5 1642 -1. 3.2 Sulfur ~ 46 9.4 28.2 752 

1.3.3 Chlorinated Paraffin 3fl 42 8.6 25.8 688 
1.3.4 Stearic Acid '0 1 0.20 0.60 16 

1 .3.5 Zinc Oxide '10 1 0.20 0.60 16 
1.3.6 Dry Hho1e Bagasse I 265 54.2 162.6 4343 

1. 3.7 Iron Oxide Pi9ment n> 15 3.0 9.0 240 
1.3.8 ~lagnes i um Ox i de lO 15 3.0 9.0 240 

1.3.9 F1ecto1 H Stabilizer ~( .25 0.05 0.15 4 
1.3.10 A100 Accelerator ,:t' 1.5 0.31 0.9 25 

1.3.11 Pentachlorophenol 'f). 0.1 0.02 0.06 1.6 
1.3.12 I:nt imony Oxide 14.( 2.5 0.51 ~ ---ll 

Totoll 489.35 100 300 R009 

~~ (i)~t .Dr .... t,~'" 
.1'- .. lif@; 1- 353 ,/'1. oIA 9 ~ ... 
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1.3.13 Aluminull Pelint ",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 o. l~. Bagasse stored in plastic bags after drying 
to prevent moisture pick up. 

1.4.2 Compound ingredients in the follO\'1in9 order using a water-cooled 
banbury. 

1.4.2.1 
1.4.2.2 
1.4.2.3 
1.4.2.4 

1.4.2.5 

1.4.2.6 
1.4.2.7 
1.4.2.8 
1.4.2.9 

1.4.2.10 

1.4.2.11 

1.4.2.12 

1.4.2.13 

1.4.2.14 

1.4.3 

Turn on banbury. 
Add 1/2 of the dry bagasse (1.3.6) to the banbury. 
Add iron oxide and magnesium oxide pigments (1.3.7 and 1.3.8). 
Mix penta (1.3.11) into chlorinated paraffin (1.3.3) in 
separate container. 
Add paraffin and penta mixture to banbury [CAUTION: Penta is 
highly toxic]. 
Mix in banbury until volume reduced (~3 minutes). 
Add re~ainder of dry bagasse (1.3.6). 
Mix i~ banbury additional 3-5 minutes. 
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). 

Mix for 3-5 minutes until well compounded and fibers not 
visible. May heat to 1000C and expel steam. Best to let 
the steam boil out. 

Cool banbury to less than 125°C (preferabiy lCOoC). 

Add sulfur (1.3.2) and A10C (1.3.10). 

Mix 2 minutes (or optimum mixing time for banbury). 

Dump to holding mill and sheet off material to feed calender. 

Calender compound into sheet of ",0.09 inches thickness (preferred 
but may 5kip if residual strain minimized). 

Mold panels of appropriate 8ize (minimum 30" x 40") in thickness 
of 0.08 inches ~O.Ol at 160 e ! 30e for 30 minutes (-a, +5 minutes). 

1.4.4 

1.4.5 Postcurc panels at 900e for 4 hours minimum (18 hour max.) on flat 
shelve::. 

1.4.6 If desired paint top (one) surface and edges ~dth 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 n1inumuni to purl in!: \'lith spiral aluminum 
nails \~ith l'ubb~r se~ls. If desired, J bolts can be used but drilling 
of holes is then recommended. 

1.5.~ Purl;n spacing to be adjusted to maximize use of the 30" x 40" panel. 

1.5.3 Panels to be laid up as shingles with completa 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 In~titute is to coorindate 
entire project, assuring all materials are properly handled and g~t 
to appropriate places well on schedule. All (See 1.1) concerned are 
to be notified of expected schedule. 

1.6.2 George 8all of HRC has gotten preliminJry agreement from all partici
pants to cooperate in their various tasks. G.R.? 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 shipp~d to SnRI Kumasi for drying. 

1.6.4 Obeng is to arrar.ge to have bagasse dryed and stored in appropriate 
plastic bags. He is dlso to arrange for shipment to G.R.P .• Accra. 

1.6.5 George Ball will see that Monsanto items are shipped to Accra and 
Meijer \·/i11 facilitate entry and get to G.R.P. 

1.6.6 Obeng is to visit GIHOC, Foot\~are Division, r.umasi to observe com
pounding and molding by 30 April. 

1.6.7 Obeng is to set up vlith G.R.P. a time, befor~ 10 nay to observe cem
pounding of rubb~r in banbury, calendering and molding at Accra 
plant to become familiar with proces~. 

1.6.8 Obeng to make ~ure material is at G.R.P. for July run and is to be 
there to observe the entire process through ~oldlng. 

1.6.9 Obeng is to keep ~50 lbs of calendered flexible sheet for curing 
studies at Building and ~oad Research Institute or F.P.R.I. 

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 gn calendered sheet 
using temperatures of 150, 160, 170 C, times of 15, 30 and 
45 minutes. and 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 (~. 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 l'Ii11 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 \vith qualified 
paint company. 

1.6.18 de-Graft Johnson to inform appropriate government officials of 
plan, especially for roof installation in September. 

1.7 MAiERIALS SHIPPED 
Quan t ity, 1 bs 

Item From (sent) ~needed) Date To 

1. 7.1 A 100 (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 Rei 5s-Accra 

1. 7.3 S~nolite 240 (-) Dayton 50 0'" 18 June 1976 Reiss-Accra 

1. 7.4 Pent.:! (1.2.11) Dayton 25 3·· 18' June 1976 Rei ss-,\ccra 

1. 7.5 Chlorowax 40 (1.2.3) Clev. 1000 715 3 Aug 1976 Reiss-Accra 

"'discontinued frem pro~uct 26 July 1976 
hrema indcr to be used in ori~nted bagasse product 
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Dayton Laboratory CCI 

Dan I 26 October 1976 

"' •. lIe' 

........ c, I 

Tc) I Ghana Roofing Demonstration Participants 

Attached is a 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 m~ke sure you agree with 
it in all respects relating to your participation? 

If there are any problems, please let me know directly through 
Louanne Douris at the AID Mission on Reng Road, Accra. 

cint 
Attch. 

Regards. 

George L. Sa 11 I II 
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GHANA 
ROOFING MATERIAL 

PILOT DE:·;ON(:TRt.TION 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 (Kumas1) 
(D) Roof fabrication - November 1976 (Kumasi) 

1.1 PARTICIPANTS 

1.1.1 Building and Road Research Institute. Kumasi 

Kof1 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 

Phil Westray. General Manager 
J1ri Subert, Technical Manager 

1.1.3 Ghana Sugar Estates Ltd. 

Accra Office - Dim Vander Heeden. Managing Director 

1.1.4 Reiss and Company (Importers). Accra 

Jan Assenberl) 

1.1.5 Forest Products Research Institute. Kumasi 

F. W. Addo-Ashong. Director 

4221/2 

21771 

Telex 2088 

63424 

65105 
Telex 2040 

5770 

1.1.6 Monsant.o ~esearcr1 Corporation (MRC). Dayton. Ohio 513-268-3411 
'NX Bl0-459-1681 

Iva1 O. Salyer. Program Manager 
Georg' L. Ball I I I. Project Le.sder, USAIC Roofin9 
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1.2 

1. 2.1 
1.2.2 
1.2.4 
1.2.5 
1.2.7 

1.2.6 

SOURCE OF MATERIALS 

Natural Rubber 
Sul fur 
Stearic Acid 
Zinc Oxide 
Pigment - Iron Oxide Red 

Whole Bagasse 

-2-

Ghana Rubber Products G.R.P.} 
Accra 

GHASEL 

1.2.6a Drying of Bagasse BRRI or local company 

1.2.3 Chlorinated Paraffin 
1.2.9 Flectol H 
1.2.10 A100 Accelerator Monsanto via 
1.2.11 Penta Stahilizer Re1ss & Company - Mr. J. Assenberg 
1.2.8 Magnesium Oxide 
1.2.12 Antimony Oxide 

1.3 

Identification (preferred materials or eguivalents) 

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 commercial paint 
1.2.3 - Chlorowax 40, Diamond Shamrock Compamy, 40: Cl. 
1.2.9 - Flectol H powder or flakes. Monsanto antioxidant 
1.2.10- A100, Monsanto aldehyde amine accelerator 
1.2.11- Technical grade Pentachlorophenol. Monsanto Penta 

MATERIAL REgUIRE~ENTS ~Formula 198015-1AJ 

Weight 23 Sept Oct-Nov 
Parts ill ~lb} pb~ 

1. 3. 1 Natural Rubbe,' 100 20.5 61.5 1230 
1. 3.2 Sul fur 46 9.4 28.2 564 

1. 3. 3 Chlorinated 42 8.6 25.8 516 
Paraffin 

1. 3.4 Stearic Acid 0.20 0.60 12 

1. 3. 5 Zinc Ox ide 1 0.20 0.60 12 
1. 3.6 Dry whole bagasse 265 54.2 162.6 3252 
1. 3. 7 Iron Oxide Pi9ment 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 
Stabil ; zer 

1. 3. 10 A100 Acce1erltor 1.5 0.31 0.9 19 
1.3.11 PentachloroPhenol 0.1 0.02 0.06 1.2 
1.3.12 Antimony Oxide 2.5 0.51 L.ll -1!. 

Tota 1 489.35 100 300 6000 
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1.5 MATERIALS SHIPPED 

Quanti ty, 1 bs 
Item From (sentl (noededl Date To 

1. 5.1 Al00 (1.2 .10) Akron SO 26 30 May 1916 Retss·~ccja 

1.5 .2 Flectol H (1 . 2.9) Akron SO 5 30 May 1976 Reiss-Accra 
1.5.3 Sunolite 240 (-) Dayton 50 O· 18 June 1916 Retss·Accra 
1.5 .4 Penta (1.2.11) Dayton 25 3- 18 June 1916 Reiss-Accra 
1.5 . 5 Ch 1 orowax 40 Cley . 

(1.2.3) 
1000 115 3 AU9 1976 Reiss-Accra 

1.5.6 Magnesium Oxfde Dayton 100 75 22 Oct 1976+ GRC-Accra 
1.5.7 AntimonY O,ide Dayton 50 31 22 Oct 1916t GRC-Accra 

·discontinued from produc~ 26 July 1976 
·.remainder to be used in oriented bag!sse product 
+Ort91n&11y shipped 24 September. but refused by Pan Am 1n New York without 
not1f1clt1on to Monsanto. 

1.6 ACTION ITEMS - October I, 1916l 

1.6 .1 Ghana Rubber Company (GRC) is to banbury, sheet and mold one 40 kg . 
e,perimental batch of formula 198015-1 identical in Sec ~ion 1. 3 of 
the 12th August letter . CDone 23 September]. 

1.6.2 Based on results of 1. GRC is to process additional batches of the 
extent of available bagasse durt~9 the week of 27th September. 1976. 
[Done 1 October) . 

1.6.3 Panel, 2 ft , 2ft' 0.08 in. (61 em , 61 em, 2 ImI) are to be 
molded by GAC and molds for the 6 daylight press are to be fabricated 
to allow thh . ( Done 30 September] . 

1.6 .4 George eall h to a"i.t GRC in I, 2 and 3. COone 1 October] • 

1.6.5 

1.6.6 

1. 6.7 

. 
R. Hefrman of tne Gnasel Sugar Mill at ~sutsuare is to bag all 
processable baglsse £va1'able (approxi~t!ly 125 bags ) at mill 
and transport to GRC·Accra . :Oone 29 September: . 

R. Heinnan is to contact the Ghasel Mill at Komenda to determine 11 
additiona l bagasse may now be avaflabl. and to Ilso have it bagged 
.nd 'hipped to GRC . 

In Octooer 4000 gounds (dry) or 8000 poundS (wet) of baglsse are 
ne.ded. If Sind 6 dO not satisfy this need, grograll may need to 
be dellyed until mills start in November, 

1.6.8 If 1 Is neeessary, ?ht l Westray of GRC should eontact Dim Vander 
He'dQn of Gnase', ~ccr~ to work out detafls ,nd earl test delivery. 

1.6 .9 Georg! Ba ll is to !'i ll '" snfo oec (rOM IJSA, 50 pounds .AJ1t imony Oxide 
Ind 100 pounds ~lineI1~~ Oxi de di rect to GRC by 24 S.~;~b. r, 
,5 •• 1.5.6 ' ''0 1._ .7 :. 

l6l 
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1.6.10 For next and larger production the Formula 198015-1 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 198015-1A]. 

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, pane6s 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 Unmo1ded sheets (at least 5) are also to be shipped to George Sa11 
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 Sa11 will be expedited by the USAID Mission 
to Ghana, Ring Road, Ms LJuanne 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 ex~osure panel to be placed at the exposure sight of 
BRRl. this sr.ould provide a 10 ft wide by ~.5 ft high roof section. 
One panel shouid be used to meaSJre ~ensi1e, flexural, water pick up, 
etc at eRRI and U.S.T. 

1.6.20 SRRI is responsible for designing ~ roo~ based on the 2 ft x 2 ft 
panels. Panels are to ~e drilled. Sholes edcn 6 inches apart and 
3 inches from eaCh side. J holes on too are to be i inch down and 
the other 4 on center line. Panels are to Oe 1aio JP as shingles 
in a stJgger~d pat:ern 50 holes ~ matcn. 

1.6.21 Having achieved d proper cesign (20) dnd demonstra~ed it (19) 9RRl is 
to determine ~he best method for drilling holes using a pattern 
frame. 

1.6.22 The remaining 1915 Pdne~s ar~ to ~e ir.iooed to 5~R:-<umasi. Transport 
is to be wor~~d ou: bet~een GRC and SRR!. The panels arc to be 
stored insice at 6~R: and ~rotected. 



-6-

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. Afe1e) 
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. Afe1e discussed with George Ball. Okyere and Obeng on 
27 th September. The whole houses a~d/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 roofi~g by BRRI. 

1.6.27 BRRI is to construct the hous~s and install the roofing uSing the 
2 ft x 2 ft panels making sure extreme care is taken to ~ssure proper 
workmanship. Where transitions are required. aluminum (ittings 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 
~onstruction. 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 cor • .;cruction of the roofs. This should take 
place in November i976. 

1.6.30 George Ball is to b~ 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 exhibi:ion in Accra (early 1977) to be put on by BRRI. Other 
for AID Washi ngton. George Sa 11 or IIID wi 11 transport. 

1.6.32 Display something like tr s: 

Additives 
Pigmen: 
B gasse 
Rubber 

Banbury ;lroduct 
~il1ed Sheet 
Molded ?ane1 
Finisnec ?anel 

from Ghana 

all manufacturing done in Ghana 
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1.6.33 Phil Westray, GRC is to estimate the sales price of the panels as 
they were made. This information is to 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 case~. 

1.6.34 Or. B. Biswas, Department of Chemistry, UST is to observe and 
provide support wh~n necessary in his areas of expertise. 

1.6.35 Kof1 Obeng of ~RRI is to get from FPRI (or othey' good source) wood 
shavings or sawdust (hardwood) to be processed by GRC. At least 
200 pounds dry weight is to be made available. The wood residue is 
to be representative of Ghana sources. is to be well defined so 
more can be procured, and is to be reasonably fresh. 

1.6.36 GRC is to process the wood residue into formula 198015-1A substituting 
it for 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 is to 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 is to have 100 pounds of Borden dry powder phenolic resin 
(Thor MO·820-92) shipped to BRRI. This will be sent as a sample 
through Swiss African Trading. P.O. Box 897. Accra (Mr. M. O. 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 is to be 
used with item 1.7.1 in experimental work at BRRI on the phenolic 
bonded dry blend :31~ 1.7.1 with 69: pigmented banburied bagasse]. 

1.7.3 Kofi Obeng is to e~periment with mo1dina of tho phenolic bonded dry 
blend at BRR!. Molding is to be at 275 F (135 C) and mold release 
EQ-6 must be used. 

1.7.4 Kofi Obeng is to report at 'least once every 10 days between 1 Oc:ober 
and 15 December to George Ball through the AID ~ission to Ghana (See 
1.6. 17). Reporting is to be done to include work done or not done. 

1.7.5 J.W.S. de-Graft ~ohnson is to confirm that house and roof plans are 
complete ana 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 ana 1.5.7 were ce1ayed by ~~e airlines. Their lack of 
availability in Ghana may require rescheduling of some of the work. 

1.7.7 As an immediate goal we should plan to have at least one roof up and 
complete ~y 15 November. 

3 .. • r: ., 



GHANA ROOFING MATERIAL 

PILOT DEMONSTRATION PROGRAM 

Participant Information Memo 

by 

George L. Ball III 

1. INTRODUCTION 

Ref: Ghana 11-11-77 
Edited 12-28-77 

This information updates the information distributed 
25 October, 1976 concern~ng the Low-Cost Roofing Demon
stration in Ghana. It incorporates the new events since 
that time, and those during the visit of George Ball, 
October 31 thr0ugh November 12, 1977. 

1.1 OBJECTIVES 

The objectives of the visit by Mr. Ball were to (a) review 
the performance of the outdoor samples at K~asi, (b) manu
facture 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 ane! timing to reactivate 
the Bagasse Reinforced Rubber (BRR) roofing shingle demon
stration, and (f) define any continuing interest, future 
program, and the possible or probable participants. 

1.2 PARTICIPANTS 

Mr. Jeri Subert, Technical Manager at Ghana Ru~ber, who 
was a key participant involved in the past, has been replaced 
~ith Mr. Ivo Ca1anek. He is a well qualified rubber expert. 

MRC's contact at t~e AID Mission now is John Cooper, Chief, 
Office of Science and Technology. 

2. st,;~y 

Good results were achieved over t~e past year in Ghana, in 
spite of a massive fire in a warehouse at Ghana Rubber Pro
ducts that disruoted their normal business and destroyed all 
raw materials that had been sent to them, and all BRR pro
duct 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 recommended. 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 B~~, BOB (painted) and phenolic clay -
are all excellent. They show little wear and no mold growth. 
The BRP is showing mold growth, especially on t~e 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 result~ 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 cons~uc~ a se~ond 1'00: from the panels produced 
in 3.1 in the Kumasi area. ~r. Obeng is to coordinate with 
GRP and plan for a 100-120 3q :t rooi. 

3.3 BRRI/FPR!, in K~~asi, is to install their 4 ft x 4 ft hydraulic 
press and have 1t operating by 15th January, 1978. ~team heat 
to 160°C desired. 
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3.4 Once 3.3 is complete, Mr. Obenq is to experiment with BRP 
material from Octoher 1976. 

3.5 Mr. obenq is to examine roof number 1 - BRP at CSIR, AccraJ 
record comments in notebook,. and re-examine mon~hly for one 
year. 

3.6 Mr. Obenq is to establish and keep records on outdoor 
exposure samples at BRRI, Kumasi. He is to wire down these 
samples and add the new ahinqles. 

3.7 Mr. Obenq is to determine the physical properties of the 
shinqles made in November 1977, and to report the data to 
GRP and MRC. 

3.8 Messrs. John Cooper and Phil Westray are to meet t~ 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 BRR!. The October 1976 
formula will be used. 

3.11 GRP and BRRI should obtain a supply of baqasse 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 wlll ~ocify all parties involved if and when funds 
are made available by AID/Washington for any future develop
ment effort. 

367 



4 

4. DETAILS 

4.1 BRP MOLOING POWDER MANUFACTURE 

First, it was determined that the materials necessary to 
make panels to cover at least 100 sq ft of roof were avail
able. 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. 089680) 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): GHl1477 -

A B C 0 
(weight,:Kg:T 

.............. 

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 ~ere ~rocessed 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 ~uch ~ore energy and time such that 30-40 ~inutes 
was used. 

Compound A had lntact, long bagasse fibers (even though a few 
~ercentage ~ere a little large), whereas Compound C consis:~d 
of all finely ground bagasse and wood. Compo~nd C w~uld be 
easier to cast, but would not r.ave the tensile stre:'~th of A. 
Accordingly, Com~ound 8 was not ~ade and all but material 
for one molding of A and C we=e mixed together to form 
CompounJ D. They were mixed after large bagags~ 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 85°C and some steam leaks 
were evident. 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. This was 
done in a '1..40 gallon drum partially filled with .1.0 Kg of. 
compound (actually 3500 g Compound A, 3500 9 Ccmpound C, and 
300 9 Phenolic Powder). 

4.2 MOLDING AND FI~ISHING OF BRP SHI~GLES 

The moldjng 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. 

Tl' a molds consisted of pairs of aluminwn caul plates (l/8 in. 
thick x 28 in. x 28 in.). The casting frames were 28 i~. x 
28 in. x 0.38 in. plywood with 21 in. x 21 in. cavities cut 
into them. Only three sets of molds were used since this 
small amount of aluminwn 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 the remaining 
cauls. This proved to be most efficient resulting in a five 
minute total cycle time for a ~igld 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 pre~s cu=e time to 1.5 minutes. This 
was achieved by incrementally reducing c~re time fro~ a 
proposed 15 m:nutes. Shorter times were not used only 
because they .... ere impractical to time in the ;,;\allual operation . 

The caul s!-leets 
release agent. 
sprayed wit!1 an 
sugar cane) . 

.... ere first seasoned .... it!1 ~old wiz EQ-6 
Before each casting t!1ey .... ere .... iped clean and 
EQ-6/alcohol (5/95) ~ixture (ethyl alchol from 

The molding ?owder was wejghe~ i~to ?o:yet~y:~~e bags, each 
containing ~ Kg. ~his .... as the charge for one ~old. 

The :nolding ::;o .... ·der · ... as dumped onte the caul sheets with the 
wood frames and leveled by !-land with straight edges. A crew 
of four did two of these every four minutes. 
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cured at 1400 C for 1.5 minutes at 50 atmos
A single molding each of Compound A and C 

showed C to lacK resistance to breaking by 
Compound 0 was selected as the best 

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 Ib/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 pa~els 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 contrac
tion. Each panel warped in an identical manner implying a 
built in constant strain. This oroblem 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 i~to two pieces lessened the warpi~g problem 
but did not eliminate it. The center of the p~rts were flatter 
and also seemed a bit thicker. ~ore uniform mixing and mold
ing may help reduce ~his problem. 

4.3 ROOF S~LECTIO~ ~\~ INS!ALk\TION 

A slte for an experimental rGcf was discussed w~th Dr. J.W.S. 
deGraft Johnson. Because available material was limited, the 
area of the roof could not exceed ~lOO sq ~t. By chance, the 
carpenters at the C.S.r.R. Secretariet, Accra, where ~essrs. 
Ball and deGra:t-Johnson met, were in the precess of con
structlng a new sec~r::y house to prov~de ~cre :oom a~d 
reduce the high :ntericr te~perat~re, due to =he corrugated 
iron used on the eXlst:nq building. ~hc ~uildlng was 6 ft 
x 10 it with a roof of 8 ft x 12 ft, wlth a pitch of 1 in 4. 
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Since t~e b~ilding needed the anticipated quantity and 
ty?e of roofing shingles to be produced, Dr. deGraft
Johnson agreed tc include it ln the project, and arrange
m~nts were ~ade to roof the building t~e week of 7 November 
after the shingles were ~anufactured. This roof being in 
Accra was highly advantageous vis-a-vis transport of 
shingles since transportation to Kumas~ is ~ost difficult. 
The only disadvantage 0: the Accra loca:ior. ~s that it is 
not a place where BRR! 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 p~r:or~ance. 

The b~ildi~g to be roofed was of wood frame structure 
with cor~uga~ed iron s~eet sidin;. The new bui~~ing is in 
the sun whereas the old one was shaded by a tree a good 
part of the day. Therefore, :nside temperatures will be 
high. 

The roo£lng system was to consist of ~10 :n. x 20 in. 
shingles (to be ~ncwn after finishing on 7 ~ove~~er). 
Accord:r.;ly, a 3taggered overlapped con:ig~ration ~'s to 
be used. T~e shingles were to be nailed to purlins 
(battons) · .... nich were to be connected to rafters · ... hi,:h were 
to be connected to two horizontal wood support:n; bea~s. 

Constr~ction of t~e roof fina:ly started Nove~ber 9th. 
3'1 2:00 ?M that day the rafters were installed and battons 
were being attached. 

The rafters · .... e:::e rough sa·,.;n .J.ct~al 2 in. x ~ In. hardwood 
spaced at 2 it centers. Seven rafters were added for the 
12.5 ft widt~, including a 3 in. overhang at each end. 
The pur 1ins · .... ere rough sa ... n 0.5 in. x 2 i:-.• , selected by 
!1r. 3all, tc ':::;e as unifor~ ln :;'uckness and .J.3 straiqht as 
possible. ~~e purlins were spaced at 3.5'- centers ex
cept that two were placed 3~de ':::;'1 s:de at the ~OttO~ and 
top. 

o~ fut~re reefs at least 3/4 ~n. and preferably 1 in. purl~ns 
shou:d be used. Adcit:cna:lj, 4.5 to 4.7 :~. s?ac:~g ca~ 
~e used (:us~ enough to cover tne nail ~eads on the center 
line) wit~ t~:S s:ze 3~:~g:e. 
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Mr. George Ball supervised the installation of the first 
three rows of shingles. In the tlrst row, a complete 
double coverage was used to :orce rain to drip from the 
furthest surface and not run down between the butted 
shingles. 

The i~stallation went without i~cident with attachment 
by l.~ inch smooth surfaced large head nalls. Actual 
roofi~g nails that are textured to prevent pullout are 
suggested but could not be found in Accra. 

One very important consideration that was requlred to 
produce an attractive roof was to turn the mld-section 
cut of the shingl~ downward. ~he edges of the shingles 
were warped, whereas the center was not. Thus, the 
expo~ed flat slde looked good ~hen the w~rped slda w~s 
nail~d fla~. I: this was not done, some c~rllng of panels 
was noted giving a ~rustic" but for ~Ow a less ~esi=able 
appvarance. Attem~ts to explain thi5 problem and ~ts s01-
u:ion were generally unsucces5:ul. As scon as direct 
5uFervision by ~r. 9all sto?~ed, ~he panels were lnstalled 
mo~tly upside down. A 5hort~ge of shingles neqated rein
st~lllng lmproperly lnstalled ones. 

Tha installatlor. of the roof was nearly completed by 
C.S.I.R. carpenters on November 11th. Each row =equired 
7.5 shingles and there were 27 rows. This equ~lled some 
2J6 shingles at a 35~ ~tillzation (intentionally low for 
the de~onStratlon). The roof looks acceota~le and should 
perfor~ for at :eas~ ten years. The onl~ pro~lem foreseen 
15 the poss1ble ?ull out of the ndlls ~pon normal thermal 
cycling. sending over the expos~d nails would be pre:erred. 

Samples of 3R?, 3RR, SR~ and 308 have been on o~tcoor 
expos~re r~c~s at 3RRI, K~a5i, Sl~ce A?r:: 1975. ~he 
panels are i~sta11ed at a lO~ ?ltch :or ~ax:~~~ water and 
hU.'T\lC i ty exposure. A control bagasse p'le sa~.? le r.as com
?letely cietCrlOrateC in t~e flrst year 0: ex~osu=e 3na has 
turned black Wlth mold. 
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Mr. Ball inspected the samples on ~ovember _0, 1977. They 
all appear to be as in geod a shape as a year ago, even 
the PVC has gotten no worse. The BOB and phenolic clay 
look excellent w1th no apparent mold growth and no surface 
deter1oration, exc~pt a slight fading of the red color. 
The BR? is getti~g a fair amount of mold on the backside. 
The BRR has bent down between the supports, has no more 
surface abraSlon than last year, and llttle apparent mold 
on the top side. The BRT are also not changed from a year 
ago - stlll having an excellent appea~ance. A corrugated 
BOB has swollen to where it is useless. 

4.5 STATUS or A SRR ROOFI~G D~~ONSTRATlON 

All ~3W rua~8=lai5 fo: the SRR system were dest=oved in a 
fire .:1t G::ana R\..:;:;ber Procucts (GRP) 1r . .\ugust 1977. Mr. 
Phll Wcs~r3y s3~d that GRP woul~ buy t~e5e mater1als if 
MRC would supply Proforma 1nvoices showi~g sources, costs, 
etc. 

GRP's new ~:ghe= temperature steam boiler has ~ot yet 
arr1ved f=c~ Glasgow. It should be installed a~d operational 
In the f1rst quarter of 1978. ~cw, larger (102 em x 102 em) 
presses has been 1nstallIJd at GRP glvi.,lg t::t::n added capabil
ity. G~P h~s also acquired a new Wabash press with electric 
heat ~or th~ir lab. It has 18 in. x 13 ~~. platen5 and 
thus The BRR ma~cr1al can now be molded on a laboratory scale. 

Suppc:t hold bc,~n expected from BRRl and FPRI in Kurna5i to 
mold BRR panels thr~u;h the!r insta:!l~g a two daylight 
4 ft x 4 ft press (a new r.alf size ply'.;ood ?ress). BRRI and 
FPRl agre~d to 1nstall the press two years ago and noth1ng 
has yet bt!er.::!o::t~. Comm~t:nents to instal:' t:,e press within 
the next t~c months were agaln glven to ~r. Sail by ~essrs. 
deGra!t-Joh~son and .\cdo-Ashong. Mr. Ball said it must be 
done or any f~t~re effort at 3RKI would ~Ot appear to benefit 
the overall rrosram 3nd !ts ~ut~ro. 

4.6 BAGASSE A'J.;:L..\3::":::7Y 

The:e lS ,1 lo~ 0: concern over ~~e non-ava~labillt'l of bagasse 
~rom t~n 5Ug3: ~~:~s for t~lS product. Hcwever, ehe bagasse 
18 supc~~or to al: ot.her cand1dates (includ~ng the wood as 
dlscus,e~ l~ ~.l and 4.2). 



10 

presently, all bagasse is burned as fuel for the sugar mills. 
Some low grade fuel oils can ~e used to compliment the 
bagasse, but the boilers are not designed to take the rates 
and temperatures of burning associated with oil. 

A oossible alternative fuel is based on another AID-
3ponsored program to make charcoal from sawdust residues 
using pyrolysis. This charcoal could be used to fire the 
boilers, thus sav1ng 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 GE~ERAL !~FO~~~TION 

A press release appeared in the Ghana Daily Graphic on 
~onday, October 31, reporting en t~e 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 1n Ghana has increased greatly since the last 
visit a year ago. In any futur~ project, this will have to 
be taken into account. 

The ReS1nox 736 shipped from Dayton did not arrive, or was 
not found I before Mr. 3all left Accra. 

Mr. ';a:~ Assenbe:-g, R.eiss and Company, could su?ply phenolic 
res~n and hardener (g~ue used in t~e plywood indu3try). 
This is wort~wh:le 1nVeSt1gating to reduce resin costs. 

~r. ?hll Westray ~ay be able to assist 3RR: :~ gett:ng 
samples, etc. to K~asi, via Mr. Taylor at G.:.H.O.C. 

The ~omenda sugar ~~l: 3eems to be about the same size as 
Asustare, but I expect runs a longer season, thus has a 
greater potential :or supplying bagasse. 

r
7niS ~e~c to the ~ndna ~dr~jci;dr~s ~as ~d~:ec spec!'ica11y ~or clar~ty ] 
~y t~e author to be !nc1~cea ~n :he 'inal re:ort wit,out chang;ng any 

Ltecnn1ca1 content, lnc thus C1frers s~i9ht1y 'rem tne 11 ~ovemoer 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 

Inter:~ Pro:ect Report, National 
Housi~g Corporation, Ca100can City, 
October 30, 1976 

Interim Project Report, Low Cost 
Building Panels, National Housing 
Corporation, July 9, 1977 
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PHILlPPINE 
ROOFING MATERIAL 

PilOT OEMO~SiRATiON PRCGRAM 
(Revised 12 August 1975) 

1. FIBER REI~rORCEO NATURAL RUBBE~ ROOFiNG MATeRIAL 

(A) Preliminary Experimental Run, a April, 1975 (latex Cit/) 
(8) Experimental Run, M~d-August 1976 
(C) Pilot Run, Mid-September 1976 
(0) Experimental laboratory ',.jork, April-August 1976 
(E) Roof Fabrication, late September 1976 

1.1 P~RTICIPANTS 

1.1.1 National Housing Corporation (NHC), Tala, Caloocan City, Ph: 90-10-08 
90-16-36 

Jose Vic~or l. Cedro, Roofing Project Coordinator 90-16-37 
General Guadcncio V. Tobias. Executive V.P. 
Colonel Alejandro R. Kibiling 90-16-30 

1.1.2 Jardine Davies (JD). 222 9undia Ave., Makati, Riza1 
A. Gordon Westly, V.P. 
Andrew W. Russel, Manager 

(a) Hawaiian - Phili;Jpine Sugar Co., Negros 
George D. Gordon, Managing Director 

1.1.3 Manila Rubber Corporation (MaRuC). SO J Ramoy Rd., 
Caloocan City 

Rufino Tan, Plant Manager 

1.1.4 late~ ""oduc:s Co., (lPC) Inc., las Penas. Rizal 

Kong ~~an, Cnai~an of t~e Board 

1.1.5 Forest Prod~c~s Rese3rch and Industria' Deve1o?~ent 
Cor.rn~ssion (F?C). 872 :sabel 31dg., lsacel St., 
Es :lanl, Man; I a 
laborl~ory - ~os eanos 

Dr. Francisco ~. iJmolana. Commissioner 
Joaquin O. S;oponc;:;:>, r.ngineer 
Arthuro A. ?Jbl0, Scie~~ific ~esearch ~ssociate 

and Project Lecd~r 

1.1.6 USAID/?~~I';J;Jines (~iJ/?). 1630 ~oxas Blvd. ~ani13 

A. S. (3ert) =n:ci;1, ;';s~. Dire::or - Food for Peace 
30b H~11~;an, ~ss~. ?r~gr3m Cf.icer 
Maurice J. Hyder 
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1.1.7 Monsanto Company (Me) 6778'Ayala Ave., Makati 

R. K. Louis. Regional Business Director 

88-41-05 
88-91-12 

1.1.8 Monsanto Rese~rch Corporation (MRC), 
Dayton, Ohio, USA 

513-268-3411 

Ival O. Salyer. Program Manager 
George L. Ball rII. Project Leader. USAID Roofing 

1.2 SOURCE OF MATERIALS 

1.2.1 Natural Rub~er 
1.2.2 Sulfur 

1.2.4 Stearic Acid 
1.2.5 Zinc Oxide 

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 

1.2.12 Antimony Oxide 
1.2.13 Aluminum Paint 

1.2.3 
1.2.9 
1.2.10 
1.2.11 

Chlorinated Paraffin 
Flectol H 
A100 
Penta 

Selected Rubber Processor 

Jr National Housing Corp. 

} I~onsanto Research Corp. 

Idenfification (oreferred materials or eouivalents) 

1.2.7 
1.2.8 
1.2.6 
1.2.12 
1.2.13 
1.2.3 
1.2.9 
1.2.10 
1.2.11 

- Ma~ico #477 Iron Oxide red or equivalent 
- Rubber grade magnesium oxide scavenger 
- Saied c1ean dry «0. l~ moisture) Sy9ar cane bagasse 
- Gr~und Antimony Oxide fire retardant 
- Acrylic or oil-based, aluminum flake cc~r.ercial paint 
- Chlorowax 40, Diamond Shamrock Com~any, ~O~ Cl. 
- Flectol H powder or fla~es, ~onsanto antioxidant 
- A100, Monsanto aldehyde amine accelerator 
- Technical grade Pentachloro~henol, Monsanto Penta 
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1.3 MATERIAL REgUIREMENTS 

Wt Mid-Aug Mid-Sept 
fill! ill Pbl Pbl 

1.3.1 Natural Rubber 100 20.5 61. 5 1642 
1.3.2 Sul fur 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 Al00 Accelerator 1.5 0.31 0.9 25 

1.3.11 Pentachlorophenol 0.1 0.02 0.06 1.6 
1.3.12 Antimony Oxide 2.5 0.51 1. 53 41 

Total 4~5 'TOO 3W" '8009 

1.3.13 Aluminun Paint ",250* 
*Guantity to cover 10,000 sq ft of surface 

1 .3.14 Antimony Oxide 5 

1.4 PROCES§, 

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 
1.4.2.2 
1.4.2.3 
1.4.2.4 

1.4.2.5 
1.4.2.6 
1.4.2.7 
1.4.2.8 
1.4.2.9 

Turn on banbury . 
. Add 1/2 of the dry bagasse (1.3.6) to the banbury. 

Add iron oxide and magnesium oxide pigments (1.3.7 and 1.3.8). 
Mix penta (1.3.11) into chlorinated paraffin (1.3.3) in 
separate container. 
Add paraffin and penta mixture to banbury [CAUTION: Penta is highly toxic] 
Mi x in Danbury until vol ume reduced (",,3 mi nutes). 
~ remainder of dry bagasse (1.3.6). 
Mix in banbury additional 3-5 minutes. 
Acfd rubber (1.3.1), stearic acid (1.3.4), zinc oxide (1.3.5), 
F1ectol H (1.3.9) and antimony oxidg (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 1ess than 12SoC (preferably 100UC). 

1.4.2.12 Add sulfur (1.3.2) and A100 (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 mat~rial to feed calender. 

1.4.3 Calender compound into sheet of ~.09 inches thickness (preferred 
but may skip if residual strain minimized). 

1.4.4 Mold panels of appropriate aize (~inimum 30" x 40") in thickness 
of 0.08 inches :0.01 at 160 C t 3 C for 30 minutes (-0, +5 minutes). 

1.4.5 Postcure panels at 900C 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 grJde 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.~inumum to purlins with spiral aluminum 
nails with rubber seals. If desired, J bolts ca~ be u~ed 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 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 wor~ed 
out at time of installation. 

1.6 ~DOLOGY 

1.6.1 Victor Cedro of ~ational 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.l! George cal', and Ival Salyer of ~.R.C. ha .... e gotten preliminary agree
~ent from ali ~dr:icipdnts to cooperate in their various tasks. 
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1.6.3 Cedro must arrange for availability of all bagasse by 1 June thru 
Jardine-Davies and see that it is shipped to NHC, Ca100can 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 Sa11 will see that MJnsanto 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 Ballor 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 so over the requirements for materials, processing, and 
product quality with the selected processor to assure a comp1e~e 
understanding of the intent and expected resJ1t5 in the experimental 
and pil ot 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 roors are to be applied. 

1.6.10 Cedro is to keep ~200 pcun~~ of calend~red f1exib1~ sheet from the 
pilot run for curing studie~ at NHC in a 4 ft x 8 ft press. 

1.6.11 Panels molded in the preliminary experimental and exper\mental runs 
are to be placed outside on exposure fences at NHC and Jardine-Davies. 

1.7 MATERIALS SHIPPED 

Quantity. 1bs 
Item From (sent) (needed) Date To 

1. 7.1 A 1 00 (1. 2 . 1 a ) Akron 50 26 3C May 1976 MC-Mani1a 

1. 7.2 F1ectol H (1.2.9) Akron 50 5 30 :·1ay 1976 MC-I~ani1a 

1. 7.3 5uno1ite 240 (-) Dayton 50 0* is June 1976 MC-r~anila 

1. 7.4 Penta (1.2. 11 ) Dayton 25 3** 18 June 1976 MC-Manila 

1. 7.5 Ch1orowdX 40 (1.2.3) S. Frar .. 1000 715 3 Aug 1976 MC-Man i1 a 

"j~scontinued from procJct 25 July 1;75 
"remaincer to b~ used in oriented bagasse product. 
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Cross Section Detail 
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D. Flat wi~h 1 
sh~Ded cages 
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Longitudinal Section Detail 

1. 
DI;,12;SI C;;: I Jru:ledia te program constraL'lts, while r:ot developed :'ully 
enough to give precise di~ensional criteria, ir.dicute that a 'shingle' 
roof elemer:t may be appz:'opriate. For PUI?oses of initial field tests, 
a shi:1e;le t:l~a5uring 10Ccr.l x 76cm (40" x JO"; i:; chosen. 

],one; term recomlllE'nnations for roof elemer:t dir.lensions shocld. ce re
lated to advances in production processes and ether criteria discusuec 
e1.l';~whp'l:"e. 

SURFJ.C:: AR2A: The surface area of one lCOc::: x 76c:n shi.,gle is 760Cc~2. 
Ex:lo:;ed S\lrface area as sr.ow"!'l in the attached d.::-aldngs ! s J5::0c::\2 I or 
46}:,. The' surface area of 'shingle' in a roof area of 1;;:2 '" 1. 71m2. 

2. 
SLOPE: In, general, lowtlr slopes are possible when, there are fe"er 
joints in the roof plane: hi~her slopes a::-e necessary as ~ore joints 
are :~trod~ced. One variable 1s the amo~~t ~f ove=la~. Final rcco=.nen
dations should follow fiel.:!. tests o-! alter::a:ti'le ap;:i1cation :iesi~s. 

J. 
JCIX';S: HI? a::d. RIDGE: covered by o::e of t;,·o ::Iethodsj a) flex: ':le 

t~?e a~c mastic; ~) spec!.al cover piece of se::li-ri6id or 

4. 

rigid naterial. ' 
V-~~ICAT JC-''"'" -" .,.".., ~ 'c.., -L"'~ b ... • . i ti/J ~ ~ ..:....;.\.1 i~ J..I~:J ~., .n~ :tlJ r r r...,.;,: l.! .. v,:o nts a po ... !1wS; 

see utt~c~ed d~wi~gs. 
HCl1IZC117AL JOli.7S l~~ TH~ RCa.~ ?LA.'ii::: 'shingles'a=e la??~d. as 
shoim in attached d=awi:IG~. 

FASri:::H~:G: diroct nailin6 li:t.o subst::-a~e pt.:rli.'ls. Nails alliays pene" 
tratc t~o laye::-s of shingles. Nailing patte~ is shown on attac~ed 
drawings. 

5. 
SU3S7RAr:::: :::'.l'c~t=ate cor.sists of standard t:'1.!sses or r3.ftc=~, ut 
1,J:~:"I o~ ccnt~r, a::c. .... ::h 2" x J" p'.lrl!.:1s :>;:a.;:ed 3,:; :l".own in t~c 
att.ached d=aw~:;es. 2"x2" ctif!'n~rs are req'.l!.rcd at the '1er.!.::3.1 joints 
of the shincles to prevent deflection at tne joL,ts. See att~ched 
dIOnlL"lgs. 
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ON 

DEl:C::';;'l'~"tIO:i OF 10M CC .. ':' :tOOrI::O r::tc:! 
I;i:JIO::""OU~ :i~l'~I.a.s ~Ol·: r'dZ ?!i:~ZPr!:;~ 

1. !:it~~O!JU:~!C:: 

IA :.:a,y 1973 :·:on.s.:1nto Resurc~ Corporlltion be:';;:!:1 ;1 prOi:"lIJ.1, 

s~onsored by the u. ~. Agenc] for Int.rnati~n~ jevelop~en~t 

~o ?=od~ce lo~-coat l:o£ing ~itb & ~id8 ra:~a o~ applicability 

in tho developi:.; countriea. 'l'his rooting ·.YU ba.ud on opti=o1l 

use o! indigenou~ t111e:3 an~ lo~-cost binders. ~e rese.rch 

resul~~ we:"e to be directed to~.rd aeeting lou-cost hou3i~o 

needs, improvi:~ :he ror,i~~ exc~an~' p03ition o! the cou:trie. 

illvol',ed, and c!evelo;Ii:1~ pro~uc til that col1ld be t~e basis !or 

II local i:dus~~. :he ul:i~te goal i3 to develop ;:Ind deco:s

trate an economically an~ tec~nicalll acceptable al~ernative 

roofing Jys:cm requiring li~t13 £orei;:1 exc~n~! in at least 

three co~ntrils (onl each in Asia, Azrica a:1j :atin America). 

Cri ;~ria for tll-! r~o!ing to be devdoped in the prog:"1JII '/lere 

Istablished. Any s1sto~ develop.d ~ust 

• be cowpetitive in cost, 

• 
• 
• 
• 

recouirl ci:i:1uC !oreig.:l currency. 

be c~:1pe:itive in p~r:or=ancl, 

be dura~l", 

be acceptable to u~er, 

bo co::p.citi .... dth rU:il"ct to i::stllla1:ion Qe~~ods, 

e::pha::li;:.e lo'''-c api :a1 Ol;1r.U! ac ~ uri:1~ proc as.s es , 

u:;!e rana'"abla or under-utili:ed ineredianta, a:d 

ecp~.si:e applicability i:1 o:he:" d~veloping countries. 

The :?ro3:'1JII 7Iill c'.llti:;;ate in (a) t!':! cons~ruc,;:'.:I!'l ::! at leas'; !aur 

pro~a:1p. r~o!3 in aacn o! thl three.c~~ntri!st ~nd (b) tra:ster o! 

the nec~5~ary :c~~nolos.Y to qualified or6~i=a:io:. 

Four c.'1!'l~:':!ate cO:lposice roaf!.:; pa.nel ::ateriti 5;(3:1:1 '1f!re deti:1ed 

that utili~. rro~ 70 to 100 ,er ce~t i!'ldi;~~o~.s Q3Cr):ial. !h. 10~e3: 

coac an~ ~03t u31ful, i:d16tCOU~ !:'ller is ~r.~ SU~3r ca:a r,si:uI, 

b;1~.l';s •• ,ja,WdU3t :'3 ~iu !Ie:onc1 (&l:i:,na~1'/o1) !i:l~r oi ch~i.:e. 

The pri=.'1ry c~didate binder, inclUde rubber, ~be!'loli.: :"aSi:l5, a!'ld 

cer~3in co~~e:ci~l :herco,las~i: r'lins. 

Ot t~l~a t~~= ~7~=~:s, ~he t~o :u:ren~!, showiAg the 0l05t pro:i3e 

for our root:.~~ ,anel ~at~ri;1l 3rt: (1) a celtc~=~oun~ed co:?O

.lit, a! whole ba&3lS1 plu5 !i:l.r~ l:d vulgani=atian agents (80~) 
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·~on~ed ~it~ na~ural rubber (ZO~)i a~d (2) a dep1t~ed-ribrill~tod

oril'n::ed ba~au. tiber cO::l~osite (95~) bOAlhci dth phenolic rui,~ 
(5;.). 

Th. roofin3 Q~teri~l froo ~itbcr proccsa i~ coopre~sion col~e~ 

to :01'0 a corrugated or flat, 2 feet x ~ teet, ba;.~J.-fiuer-f~ed 

panel hAving an alumi~i~ed surface coating and ra~ Qaterial coat 

bet~een 7 and 1; I (U.S.) ~Ir aquaI'I toot. 

An additional product ot ~roQise aa a buildi~ ~aterial tor 

exterior .alls is cadi troes a dry 1I1er-d of pO';rderld baguse (,j0-7~) 

and .,b.enolie' resin ?o.dlr OO-~~) diluted iii t!l 25-7;~ 0' '"ood cl1i~ •• 

• 
During ;h. tioe period !roo Sep~oc~er 20 to Octoblr }O,1976, a 

dolIllOnJt:'':'~l.on ot tll/O proc":ls~s fo: the :::£nu!ae~u!'e of 10'''-cost 

roo!i~g and building :atarials was carried out in the ?hili~?i::lls 

by ;i1iC and liRC £)Ir.sonnel. Local !ac!.li ties, C&::.~o ... r and eq,ui~=I:lt 

?/ere utili;;el1 to cocpou:1d a total o! , 5 ,000 pound.;; of natural 

rubber bO!1i.led (Z2.ii) 'Hi~h ba~asse and other !ille!'s (7S~) rooIillg. 

CO::lpou:1ding was accolllpli.shed in 3an:.ury Hixers, &.:1.1 tho aah.i.l 

cale~cisred into 50 inch .ide aheets, at Goociyear ri:e a:d Rubblr 

COQ~a:y. 

The calendared she.t~ ~ere then ~ress cu:ed i::.to lars, 1/3 i~c~ 
x ~ Ieet x ,6 !:.t sheets i:1 t~e large Particle ~oa!'d ?la:t press 

a. t :n~C. 

The cured rubb,r .sheets are bein~ inst~llcd on four (~) houses 

loeaeed at lIBC, ~alol, CalOOC&:1. 

Se?aretelj ·t~.!'~ qas dl::lo~t:atio:l of t~e ?repar~tion of .a n!W 

lC~'I-coat buiIdi::g I:.lttenal (tor ou';sHe · ... alls, int.:ior pt.:.els etc.) 

~Acie troCl a dr:' clend of po ... dered ~agas.,e (60-7C~) Cld phenolic 
~owde!' (40-30~). !his Clix~ure i~ then further dil~~.d wit~ wood 

c~i~" .:I.e conce~tra;io4.s ot 25-75 percent ".Ieie;ht. :'h. ::roci'J:~a 

olppe3: to have excellent st!'ln;~b ~nd ~~te: resistance, a:d can be 

n4de i~ proslnt particla board plant procis. 3nd .qui,=e:lt pl~s 

the l.:.3e of Il 3anbury. 

~uri~b tll" deMonstr:J.~io!'l sOCle pro1l1e::l3 ';/ere de1'i:.d IIIllie;" llav. 

::I.:I.inlj' to do lVi';!: tn~ li:::it.1tio:lS or tn!! equ1.pCl.nt aVai~.:I.Dle at 

:IHC. (origlnally l.n.:lull.d !or p.ut:':1-. t:o.1rd ::anu!act:.lr.). Reco:

~enda:ions for equi~::I.n: ::od1:ications and/or procu:e~.~~ .... re 

cadi ~hi~h 5~ould ::I.1~' econ~::ic 1.1:g1 .:leal. prod~:tio!'l !easibla. 

~e roo!l!'lg .lc..! bUl:di!1g :latenal p:'o:uct.s t:ade, .:I.:ilp.ar to h,a'/e 

the ;rhyucal pro;:.r:i .. ani 10 .. ra;J Clat.rhl co.st thz.t .,ould ·Inab!.e 
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tho= to co=p~~e successfully in th~ =arkot ,ith Qlter~ativ. = 
aatcri~l~ includlns C~I ~heet~, L.~.nit, and othtr h4rdboards. 

~e proeucts al=o ~eet the original ~ID uis~ion objectives ot 

beins lo~v-co:>t, ~dc fror:l indiGenous Qahri&ls, low fo:-eibn 

exchange cOQPo~ents, durable, an; !t:. 

~e Inte:-iCl Duonst:a::1on P:-oor3.CII · .. .i.!l be cO:lpleted b;, ~;ov.6, '976, 
with ~our (4) houSI$ rooied with the rubber bODded, 'cabasse :illed 

com;:Josite panel:;. Pl~ have been .lpproved til COIU~:'UCt a.."\ e!1tir.

ly nelf demons::,3.ci.o~ llou3e, f: oc tla c(jnbi~:l.tion o! t:'e tlYO 

=ateri.lls de~o~st:,atee, to b. at the Illternatio:al Convention 

Centlll', aOX3.S alvd., NaAila. 

oJ 

A. eeeting be tllelln General Gaudencio V. robias, Gen. :iuager ot tl1. 

Natior..ll :-!OUIl:,':~= ,\u::"orlty alId ::xecutive Vice rresii!ent of the 

National :':ousiAg Cc.rporation, J. 'lictor S. Ceero WEC), Col. A. 4. 

Kz.'cili:1g (:-I;iC), Haurice hyder (t:3A:D) .lnd I. O. Salyer (H~C) 

'::IlS held on F:'idas, October 29, '976. At thio mee:i.n6 a decision. 

WIlS reac:'ed. to pr::lc eed ',vi th plans lor scale up ',and eve::,:-':.a.l coc

Glercial prod~ction. ~r. ~yder (USAID) will urge rapid consUClation 

ot the follow-on AID ;'/asl1ing':.oll coz:t:-lI.ct to provide licited !und~ 

lor labo!"3.tory size equipcent, tecnnical assista:.ce over tile next 

t~o ye~rs,and :h~ i~~diat3 trainin~ ot t~o Pllilippine enoin.ers 

at !·14C Dayto~ La:,oratory i:1 the :':nited Sta~.s. 

A :-eque!jt is beiAg cade by t!le ?l1:!.l:!."ir.e gO'/er:-.::ent tor 3. quiclc 

ratu:,~ 'lisi t b1 !".J.C ,~rsonnsl, to til" Phili,pue.s, to as:sist in 

tol1.o~l'ine; up on the recor:l::ler.!n':.ions. 

Jt:!.li:l:; t~e J~:;:'u!"J ~ixino a~~ c1landar~:g (~ci:i:ies ot 

thl ~o~ey~~:, ~ire ~~d JUQQer Co., a total 0; 1;,033 ~ounda 
o! ba~~sse-'ille4 ~atur~l ru~~e:, bcz:~sd co:po~:d ~as pre-

pa:-ed. :-:.~ :ow;o'Jr.d CQota!.:ll!d l.bo~-: 22 ,e:- :a!1: ~y weio~t 

~:1d vol~=e of na=ur~l rubber ~nd 75 ~er ce:: ,! bQ;a~s. 

!illQ:', yulca:i:i~g 3~~n:~, ~roo~3si:1o oil etc. :~e 000-

poun~ was div:!.d,d i:1to :h~ ~olloMtnG t7p!3 or cateloriusl 

1. :sa33SS~ , no jl~tl1, !:.:~ ret3r:l~n: 717; :;:'s 

2. :;~o~.5SI! I 'i<ll :~ ?l=h, (i:-I: :-e :3.rda.~'l:' 2;92 lbs 

3· Dag::'3se, ,'~ :h p:. ::-:. t lo·.y cost, ,50" 47S, :'bs 

4. :3a6~s3e, w" .. '~ . .- pi::, t :0" cost, 48;; 5a, lbs 
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Ot tho. ,,':Iov.: rub~er cO:;l.~IJQn ,b, lI.;,Jp.od~a~d1 (, ton u ,~er" 

cAlo4d~:.4 iDto OO~tiAUOU. roll~ or she.ta, SO i~:b wi~. x 

1/S i~eh £:i:kne.~, and t~.n to ~~C. Thtrt r.a.i~ at ~ood_ 
y.~r (to 'ile ilio!Uo!"", by NIlC) aore th.:A 50;)0 pOllad3 ot UtO 
:t!_, b ,t.h'J,IL~oVe l1st~ 

,. 2 Prus!:-.; 11ft>! ClI r!:15 lot :f!!C 

... lO~ta.1 ot .Pl'rolCl.':aul;, ~o\lr ~ons ot the SO i.=ol1 lIide x 

1/8 iach tbi~~ rolltd she.t. are bei::l& pressed L~! cur.d 

iato ~ tett x " fe.t pan.la OD the lar,. S op.ratins 

allto:=':e4 preas at irdC. The CUrie.; 07c1a 1JU )0 .:1:Iut .. 

at. 16, dag. C, follolld br, 10DjJ ,do", coo~iar ua;1er iranurt. 

zaa coolina cycle 7as nee.a.arill lO~5t .iaci ~ha ,re.5 lI'.~ 
Rot Iqll!.na4 '.i;;' c3pab1l1t.l tor ! .... t cooli4a:. 

}~} Sa'.!::I! "':.~ !As':all,uion 

':he 1ar ;. ?:uu4 sheet., .. r. cu: i::lto jI.l.::.d 1 ft. x It tt., 

2 C:. x ~ ft.. a:d ~ ttl ~ ~ ft. Lftd ar. bti:;!., ~talle4 on 

the l~u: houst3 at N~C, ~ala, Ca100034. 

~e sch.dule t~e~ cal!~ Cor ila1at143 oC t~. 1'001. wi~h 

loatina: ,rado ott a1'.:::.ini::.4 aery11c, &lk;r4 0:' o:~.:" out .. 
door ; .... nt. 

Dry :n"ni 0: ::'Q':I~ry PO:'~'i,d ~u,ue, 201l~9:1 I"I ! ':!-, ?t.~oll 
:"or:a.1f!.!;x:!. 

"four ll 
", idloa:"~. batc!l •• ot il0'ofdlre4 ':I3,;::t.UI 'of,:"o pr.

;land i:l. t~e ::'::tn':lur.t =ixn at Cioo.!, .. r. tao~ ~&tc:::r. ;;:ontahd, 

be.i~ea ':Iaosss., a pro;;:.sai~i oil 'n~ r.d yio~.=t (tor 00101'), 

~·,'o :;'i.::la ot iI:oc..,.sb~ oU w.r, uud. C:~oro""l(-:.o ~o ::.AX. 

II tir. r.:a:".!::t:1'; aatub!, and :' :Ob~301-}~ Cor lo· .... "t 00": 

;rad~ct. ~~e 1ollder.d b'a~s •• was t~.Q dr1 blt:~ed ,1:h 40 
,or ;;:_e~ :jo~a ... n~o P-?J6 Ol!\.nol1c l;ol .H:t.:; ;o":!.r us!:-.; a 

co:.o:o:e ~ixt:". ~;!3 dr;, bl':\Q ~Ia thaD ::IQ1Cwd ~n:l cu:ed 

to :I._a. ::t bt!;~t :.1d stro~i p~.l ~h.: ~3 ':Io:~ WI:.: a=d 
fin :-uis;,,!\~. 

Inpor:J.ntl;t, .',~C ;0:".10::.::.11 lu"~ed ":I;,' iI.t.rUcl. 30.:-d Pla.;t 

£U;t.:"i.:1t,nd.tn:, .10. I. I!J.o, ir.v,J.1ti,,;l:.4 the ilOU111i!ity 

of IU:'U:.l.::.; the (,0 iI.r oo:;t ru ... !\ 'ch:ld with v,,:1oua o.':OUQt 

0: :"1:1" &:14 c:li,ru '. 00.1 .:h1,s, Co=,0.s~:iOr.5 c or::t'~:1 i :\6 ).44.d 

COlrG, .r.~ :"in~ 0~1i11 a: l4 v.15 ot 2, ;'1' e'nt, 50 ,.:" cen: 

IRd " vir cont ferl dry olIn!.:! ~!\d ou:.:1 

• 

• 

• 



• 
,. , 

• 

• 

£001 Or thl c~oroait~~~ h~v. bliG t.oto~ ~c4 round to ~~v. 

hiS~ tllxul'31 ~tr.nBth lAd :.odulUI, ~s ~.ll ~s ~O~~ wa:.r 

TUi::l!;lIlCI. 'l"nisl c~~po.si::!.on= ai'S"&%' ~o h314 :l'J.c~ pro::I.i:, 

tor !'uture du,.l0.illunt. rmc po:'so::l::all 4ro :0 'tit CQ=t:ul,d 

\011 thoir ucellunt, '.ork. Ic;u:?:rtactly •• tho d:-y, blond i'rocus 

l:II~oul4 ~. rud!.ly aclaphblo to the procluct 11~., uii ;.roCIU 

no~ usad tor ,article board. 

I=t:Hil';' CCl:':';!.::'J.4t.!.~:\ ot 1J,,,,,loooln: tlt!,U:!ng R'!1ted 

or !OU!~: ~:od~ctioQ ot Inte~.di&:o i9 Lo:ll Jub~,: 
FActorY 

3a.a':::lUl'): aixlU, !1iU rolls and c.1l,o.dua a=1 uni.,.rsally 

uOld in thl ?TOCISsin! ot rub'::!,r. Ali ot t~ • .s. ittcs art uSld 

14 thl pro~uc:iOA ot thl rubber boad,d product. ?rici 

quot::ltioo 00 thl CO~poUQ~i~ 0: :h. rubber bo:d,d i'ro~u~: 

at Latex Ci:7 &oou.~t.d to o~~ ~ c.atavo3/~ilo. a VI~J 

low prQJ. .. cUon coo:. 

l1tili.:i!l.& uunhdll !ac1liths ot Liltlx Cit~. ::a:vu 01' 

fba1la Rubbe: ilihr!~ produc~!:J:!' qU&Atitits ot r"U~blr com. 

po~d. an~ caleodsred she ~~~ c~ bl ~roduc,d econo~ic&117' 

~is in turn prov~~u tt.l necu~a::I :'&'.t' Q:1tl::'3.1,J to: e.o!.!

in; L~~ curin; ot the.e .hl=ts i::o ric~ ~ro!~c~ at NXC • 

~~o rro~le:a exist 1~ th~ cur1n5 ot the rJb; e: boadld she.~s 

iA the au:o~atld ho~ \fotlr cOIII~:e5.1l1o:l ::IoHi;13 ;lress at ::ac. 

l'he ,":ac:!.:::.:.ac ':\~l nat!! 

~ne3e coul pl:t •• are not sut!lc!'o:l] SQoot~ ::I.~ pol!~htd 

tor 'Jole 1:1. th .. ;I:'oe l· ••• ~1. :&d. it 11Iel3l&::r ~o lUI Hylar 

s~et:s ~o Ob~~1: 600~ rellaae a:1! s:.oot~ tln~,~ ot the cured 

il:1l\ll •• T:-\e caul il1.:1.:" nlld :,.!lli.!.I:'i.::I..; ~o ':G:U t1':l= sa!'

t:':i:r.:::r ,=oe:~ :h~~ :Il.asl ot th. ti:isl':ld ,1':1':0 :a: 01 

o~:",i!".d !"n>!!!, u .. ~::'o od!:-...:.::, :old l'.I'o:i:&::. 

As 0::'1 .s.~:.,r:l:1ti'/o, :h.,sl ,=:o,:~.e~ :41.1:' ~l:1:"s co~,i ~, 

toyr:!.y e:ut,d ~I':'!h :'c(!on jlo;¥;!or ~:\;. bli:,d or •• ;'his ]:OCUs 

hO l'l lVU' , r/qu:.ru a brei 0 " 9:1 wM,e;' will rt '"ch thl rtqu!rld 

}50-';OO I!t;. r. tl.l::i!l~ tt:l;:u:!.:1.I:0 ot the :.::'O:l. :'1.~::.. 

or r.~ ::~lJ nl;:uoI :.a u. llull r.q..: i :td d:h :~ •• ,:,.:100 coa: • .i 

c:oU" • 

A 31::0:1: al:I::I.l:l'u 'l'a'J:'t bl :~ apil1:/ & har:! c~:oae 

;:l&:i:lJ to ! ',~. ~;"ea •• 'l~ c.lll:.. .. 1 or to $=oo::~ .:,,1 yl.l~" 

ot ::y;:ro;r!~t. :nieA~e4 •• 
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T~I product1.on of the rubblr bon.1ed ~~el,'ta :-~qui:ea 

curi,l" .It ,65 des. C, ~:u l\ l3i::.i~UG ot " c:li:-.uto" (":0;1" 

a.t :!:lbulu;r) to110"ld b;r cooli:-.::: 11:\40:' rreaa\lro to Q tlll_ 

p,,':.tu:,- -s.ro", 130 deg. C. 

::;!l:Pld18IH1 .... 'tIll :liiC ,:Ia" cou!d bl o:ollvJr':od to .stOaD 

~e:J.ti:J." SA:! 11&'1%' o:oolioii ' CooliA5 b;r olily reduci::as 

staaa prlasure ::lA~ ge ilosaible :13 de~on~tr4t~~ at H~rl'x, 

Ho".ver. ~at.r o:ool1l1a: 'd!l b. ,\,d,c~ut. 4n~ ail.?lara to b. 

the best 401~:10:".. 

,.' 
'" . ::41.1r1:0 Ji)'lSl%' ot :;S.IoI;:) ~:J Allio sUS~l4t'd '::"at 1I0uibl;r 

elst :.l'.o:lI&t !.,,. 1If':)u1d ~, ':0 ,:,ocu:e a ~,n cc:plt,:. 

l 1no ~'4i611,d co prod~ce rubber bon~od :A':eria1:J to: :00(1:6 
1'1'1':1.::', ;rou!.d. aUo .... the Psrticll .30.:4 Pb=~ ~'" ;aJ:I.-':!D.c,:u.:, 

li:1111" ',Ir .. 0:' phe:al.!.c b1:l&:,da (delllo:l."t:at.d ~er,i::I.) tor 

extl rior :-:a114. 

,\0 l:!.iii:1'1:-1::g Ivalul.t1oA ot ,1:1:-:::1&:. a,;:I"':)&ChI4. !:0:1 

bot~ thl (:li'itel and o,lrat!:".; costa atsndi'o~,:s nlld 

:0 ~ . ,,::,,;!e co :"l,c:; ':}:I b.at ::l.t~e.!. 

70:' i:: '~:,.; ,::J!'J::!..:Ill !:J"r c~e ::0:;1.1 hc"u ct.:. i; is &:'30 

pouibl.e ::1 r":"'1 cur,d s!'.el':.3 ~ol.:'t. {.:.': 10';;. cosc) at a 

loc.l.l rub':,: cO~PJa:lj' ::uc:~ Q6 :!An~:& 3u'b':u:, :.a.:cx City. ec:. 

: ;\ ,'.:ic.~~ .:J :'. -::0 ~~,. ::,~"~l::'':; ;' : I!I ~:J ":::I:'Ie;':I.O:: a.:: .. ,>!~. 
:;~.3.:u:.:.~ , :,::C r,~el!4 ~ ia.:.J .:.: ;:J~!.t:.: 1,:J!.i':l.I1': 

\;\0: 1\: . "':; ,l.),:~ j .,~ e.'!.1" ~,) •• J:I;::"!::!:~' :::O!,;;I ;::'1 

J .. od;,u r : l':'..! 1"8,', l:l:.:~r. -: .. ,. ':':J: ~: ::." : ,:.::':':. ~.) 

;~V~" '': 'Jl:l :J1:.!,,~ :.:1 ;:, ~ .s~:, :~ :hlt II':':: :::. .. ':'~:I ':.. a\l 

::u:~ :J ~~CoJ.':C~ 0: :1:1,'" 
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Us.d unit" .ire ;, ·/o.ll.l~l. olt lo~·;.r cost Ilnd oro \IIor~~ con

siri. rir.~. 1t b~uont !ro~ a re!l~bl~ .endor ~i t~ ~~.r.1nt •• 
0: cou11:1on. ~ r.~uir'~.r.t ot tho ?rOCISS is ~ha! :~. 

~o.n~:.1r)' :12;: .s!\oul U ':I~ no ;;~ G;"H t ;~.Oln !O MH, lr. or1u to 

""void oxco~~iY, he.: build-up duri:, proc issins . 

'l'h-. BanblLr), ;,~ixor .,ill a.ho be vlrl yotrul Ol ;:;iC la -tM 
~&nu!actu:, ~! ?VC tloor tills &r.~ ~th.r ~ •• vl~'J tilled COQ

positions su~b as laci~o.tiOl; til:s ,lcd lis.rs ~hich e~t 

now b, 9.r.,.~d b1 .xt~sio=. 

,. 6. 2 Hill ~olts 

j . 7 

Th~ eil1 rol~s =us~ ':II sl:ed to t~o the oax1:u= capacitr. 
D 

oC t~e ~~bur~ ~i~.r. Th, tun~ticn 0: the sill roll is to 

cool th~ stock [ro= the 3an':lu:y to tal poin~ wblr' it ca", 

be a&cdl.~ lad cale:do.red. 

~. cost oC the cill roll i3 pro'QI':I!j' 1/2 to 2/3 ~~t o! 

thQ 33..II.'Jury · ... i.t~ which it !.3 uud. ~i~l at t!:.e u.:le4 o:t.chill.es 

are available at greatly reduced cos: (co~~a:.d .~ :~~) aDd 

IhDuld b, c04$ider,d. The :il l rolls &rl allO ~ec,sl.r7 in PVC 
jlroductio::1 to t:..~. ad'/ \1::.~ ; r :';C:J at :he :,}!lpouc.di=e cc.;:3.bilH:t 

01 th. =~bu:y ::1ir.er • 

Ia both ~:J' :~~b.r boad,d roo!1=; 4::'~ ~VC COCila3i:1=es the 

c~le=~3.:s nr~ u.:Ie4 :0 jlrocess th, ~te:ials into COD:iAUOU I 

sheet.:! (tb.i:~ 0: t!l.1.c.l. !: the jlrac'u, t~. !I:l:erial. i.s ce ::.

si!ie4 :l:d t:!~.d to the co::'c: t~~C~.c.fSS ~=d ~!'d:~ . r!:.e 

proc""",, :a,:;u!.:cs va: c!: 3.l !eedir.g C'Ii::' .:tc~.;I.:\ical .;I.s.si.:i:a ,:,cI> 

~O icc:' :. i;".~='.l:J \'Ii..!.:;' 01 roll.:l, ... ::.1 :.t has: J ro:':'.s. ':!:.t cost 

or calol:I.I.!:r, :!.'t?an~1::1i c:-. ,,1:e. i.s i::tr:.tc.':':lh ';ut:':Vetn r:l::111 

or t~" ~an'J'.lr:r ;:i:.nr.s an'! e!ll rolla. 

Ca:'lc : :1'/e!y o~.e :o.:lo! sjll:.d IU ::'.tC3 U i300,C=:J.:O a!' .:.are 

1ar t!-.t Canl.: '.:r;', :Ull ro:':'J ::-..! CJ: o!r • .!.:u-

;;a::e:1:::1 a,a !~ "'u jlra;:aud : ::.1: A!Zl uaul..!. C'. ::.. ~ av.:ai:'ablt 

~jOI':CC.co 1~r F'olrc:::,ul 01 =:'.;1.:1 S(.:all :',,:'o:.::I:Y or ;:110': 

?~~::.: .~u~;~,~: 1: ta~h o~ ~~J th:.e ~oU~:~i'3 ( ?~ili,?iA's, 

:;''a::01, ';.Qa~=,, ) . 7l'IUt !',I.:::is w, r t ::'.n ~o 't. :.:.::h.~ by .qual 

or l:.~;t~ a::ouo::';O of in·coun:::, 1'.I:1I!::. :~.'.Jt lI ::'l1.':OUI1~: :t" 

: i.l"nIl.3 coe. :I~:,c!l:t ~ro~ ~~: ZO '/:::-.:a::! (1.:. ';Io-:"~:.l, Cld ''':h&.::l&) • 
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~n the Philip;i~.~ th~ ~dded :~~d ~io~t also cu~. troe 

the GO'/erne.::.: or froGl pL-430 t:.lnJ:J (it .::.;:;rov"l 

by NED~ and ~SAID) 

U:\tortuuatd] th,.le ut ilb.::.tio~ tU::'~:l h:l.v. oeer. ciel.l:r.d 

tor a variet] 01 reaso~:J, inclu'inG the di!tic~lt] c! 

notgoei.::.ti.::..; a ::u.tually olcce.,tl;;,le .... :ee::len:. At tile 1=re

sect tic., "Io! olr. ;:'&5: t!1e pilot pla:l.t or l.:lbo:"a~tri 5tag., 

,::,::,.l ":"~31 :loney" tor .,rod.ucHo::. equipClent is need.ed. 

lioweve!', the IItiliz:J.::'.:n ;:.lnd.5 ~ provide ;'or contin'Ji:l.o 
tech::ical su!=~o:"t by H~: p.rso~nal ovor th~ 18 alont~ to 

2 years. ~,).is latter CQuld be co:"e icportan: than t~e 

~50 ,oeo.':)o sinca it ':'Iol1ld e~.:I';.le !·:::lC to ~ssist i.-:. .aol vi;:g 

any p:-oole:::3 ':.hat dndop d.uri::~ t~~ sc:.le-up :0 ?!c.: 

produc':.icn. It al~o provides to: experience tr.::.i::~o ot 

tho: P~ili::?i::e ?er.3onnel at :13C :la.y':.o~ :"'bo!'.!I':.cr:ii :lne 

eac~ fro:: Xi:iC a:1d :j,sD3. 

l"'~e :Iationa.l ~ou3i::g Co.:,or;:.,:io:-, al!'~:l.c.:r llolS in.st:lll~ct :.t 

the p1:1.n': i."I :'aJ..-:, Cal.ooc=, se",eral i':ecs of =a~o!' ca?ital 

e;ui~=z::: ~~lC~ ~ith ~o=e rnodi!i:atio~s B::.d :.~ditio:3 can 

be u5e~ to cco::.ocically =an~!.:Ictu:"e oo:b t~c :u~ber bo:~ed, 

a:l.! the p:'~::o:/!or=ald~::rde bo~ded. pro:::.acts. :::!C a.:so ::a!(u 

and. ~~~~~t3 o:ho!r build!n~ c3t~rials iccl:.adi:; pa:"ticle 

1:o3.!'d, 1ioht .. 'eisht co::crete, ';'1: products, t:US.3e:s !.~d 

Ifoodan hOl.;3ing Coo?o:~nt:s. '!1-.io ;:laku :.;~C a ::':I;ic~ place 

:or :!le coc:i~uiDg ;roc~35 o?~i~i=a::,oD, ccal~ ~? l:d C:I:-

Spac!!ic reC:l~clnca~ions ~or e~'J~::oeDt =odi!ic~~icD~ 0: 

adc~ti~r.s in o~~er to :a::u!acture t~e ~uildi::o :aterial 
O~ ~ l~r;! sc~:e ~~e 3~ £ollo~~: 

3hould con~in~e vi~orous:y du:i::3 the i::.teri: ~e:iod, to 

:3i:e3in ~or.e:::u~ ani in:e~e~t. aDd to produce =.::.teri31 

buildi~o :.at~~ial~ fo: w311~. ~~r:itionst cei~ir.~, etc. 

T:a CO::'"/lr::l~On o~ '::11 ~i"/a d::"::'ic:': ?ilrticl~ boa::i ?ress 

1]. 

4.' ::~c to p:oceed ~o proc:::a a c::ljlle:e ::.a· .• pl.:l::': :0 :aou

filctura r:.a~~~r-~on~dd :ata~iil::'s botb Cor roo[i:5 an:i O~:-
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4. It 

4. 5 

door :,analina' 

Convar:icn o! thd ~rc:e:~ ~5C ~lan~ to Q~c~!~;=ur. =he~. 

cateria! ... ::-:'i:; ·.70uld .:eco!Ssarilj' sti!l incl:Jcilt prac~n

Clan!: of the Saneu:y, :·:i1l ro:1.:5 :u·.d. Collen~ar. 

This conversion wo~ld also require Qodi!icatia~s to the 

prosellt ;';liC coapression ::oldi.:~ pres::; (for stem h •• ti=.S 

and wat~r cooli:o) and s~00t~ir.6 and polishing (or ~la~ini) 

oC t~e Col~ plates. 

I=~~i'l':"! :r.:~lc::1'!':,.';at:'o:: o! t~e ":':D-.'Jas:-:i::-:to:: :op.o'N-on 

~~il~:el~:''':1 ?:"O~·:"a.:2. 7:""l~5~ :'..!Z'".ds to ':le Au,=e=:1-:ed bo, local 

conet to crovide: 

• Co~=inuin; technical a~sistan=e ~y ~~C d:Jri:; t~t =~O 

Y~1rs scale up and co==erciali~ation ~h~~e. 

Ac~uisi=io:: of s~all scale laboratorl si~~ ?roC~ss:'n6 

equi;~e::; CSa~bury, ~ill roll, Cale::d~r,) heated ln~ 

eOw::'ed co::pr~.53!'o~ colJ.:':o :;J:"oss. '!'his '!~'.:.i~=ent ·,.ill 

be u .. cd :0 ¥ilot p:oc~~s chanoes, trouole 3~oo=i:g, etc. 

:u~d:'n; [ar a:y Pol:: or ~ll 0: t~~ above frco l~Y available 

U3",:'D-;::::.:lA p:.-430 fu."\:is be cocosHered. ad i::.,le:lI,n:~·i if 

ilossi~la. 
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1. INTRODUCTIO~ 

In May 1973, Monsanto Research Corporation ,(HRe) beqan 

a research program for the United States Depa-~ent of State, 

Agency for Intern~tional Development, to develop a low cost ., 
roofing in three tropic?J. developing nations (Philippines, Ghana 

and Jamaica). The New Roofing Material was to make optimal use 

of local labor and resources, along with high percentages ot in-

digeneous fillers and miniIuum quantities of resin bin.:1ers. The 

goal was to demonstrate an economically, ter_;nically and ~~-

vir.onmentally acceptable roofing material requir~g little 

foreign ex~haJ'\ge and which could be used for other porticns of 

the house as well. The research results were to r.~~ di=~~ted 

toward meeting needs for low cost housi::lg, i:prov:. .... -:: t~ ... a ":r;rcic;n 

exchange position of the countries involvll!d, a."\d ':'e ... e!.~:';lq 

products that could be the basis for a local ~~~~~:::. 

In fulfillment 0: these objectives, fOl:r car.~!':'.!(J,-':'. roofinq 

panel composites were defined that utilize 70-95% 0:: II pre~erred 

indigeneous f ille= (bagasse), along with 30-5% of binder resi."l 

(natural r.lbber, phenolics, and ABS the...-::1cplastic). Sawdust or 

"wood chips" is the second, alternative, filler of choice. 

Several visits have been mace to the Philippi."\es duri."\g the 

4-year time period of the contract. During the las~ 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 (~dC), at Tala, Caloocan City. In work completed L~ 

Sept.-Oct. 1976 a sufficient quantity of the rubber bonded rooting 

panel were fabricated using a combination of Goodyear/NHC equip-

m~lt, to roof four (4) employee houses located at the NRC site. 

Although attractive from the standpoi.~t of utilizing a 100% in-

digeneous bi.~der resin (natural rubber) this product required high 

teIlilerature steam heating and water cooling for consistent C'J.ri.~9' 

on a practical molding cycle. The chipboard hydraulic pressing 

equipm~~t at NHC is not, at present suitable for this process 

(pressurized hot water heating, no cooling) • . 
Accordingly, at the request of NBr., and US-AID, another 

visit by MRC personnel to the Philippines was scheduled to 

deIuonstrate one of the alternate systems based on "dry blends" of 

bagasse filler and phenol/formaldehyde resi.~ bL~der. It was 

expected that ~~is proce~s'could more readily be adapted to 

existi.~g NBC particle board plant manufacturing equipment ~~d 

that the product could probably be use~ for all portions of the 
. 

house, including roofs, exterior walls, ceilL,gs etc. The 

materials and process developed during the demons~ration a~e to 

be used in the manuf acture of one or more cOl':lplete model 110u~.es, 

at some to-be-selected si~e. 
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This report su~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 ~agasse 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. SUMMARY 

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 fabricat~~g 4 ft x lE ft 

panels was intensively studied by NRC personnel. Five tons of 

bagasse in various forms (whole, cut. wet depithed, c~arse, fine) 

were processed ("powdered") in the large Banbury mixer at Goodyear 

Rubber Co. These materials (5 types) were transported to NRC. 

and d.-y blended with powdered and liquid phenolic resins (30-5%) 

and molded on the large particle board prer.s to f~rm composite 

panels (4 ft x 16 ft). 

Simultaneously I a cotnpa:able qua.'1.tity of, whole bagasse was . 
cut and screenec in stal'l.dard NHC particle board plant processing 

equipment to determ~e whether'~is'material could be used as 

wetl. thereby eliminating the need for any equipment not available 

at ~"HC. 

Although :nost of the work was done with L'tlported :-1onsanto 

resin (Resinox 736) locallv manufactured (Borden !1C 282) phenolic 

powder was also evaluated. Some wor~ was completed to cete~e 

whether a plywood liquid glue (Borden HL-4645) could be used as 

a binder resin for the bagasse filled compos its. T.~is liquid 

phenolic resin investigation was especially i~ort~~t sL~ce this 
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would pem.it existL"1g chipboard plant equipment to l:Ie used with 

minimum modification. 

The practical and economically feas~1.e range of powdered 

phenolic resin binder was established to be 5-30% wet, with 

higher resin l.evels I'equired for the most demanding applications 

(eg. ~oofing) and progressively less for exterior wall panels, 

interior ceiling and etc. The possibility exists to develop 

still lower da"1sity materials, with very low resin content, which 

could !::Ie used for acoustical and ther.nal insulation. The in-

hera"1tly 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% fL-le '~ood chips/ 

5~~ bagasse tentatively established - although this point is 

still being investigated. 

Pressing time and ta~erature cycles were also investigated. 

Good cures were obtaL"1ed in ~Jcles of 6-10 minutes at l35 0 C, 

and 3 minutes at lSOoC (in small scale tests). 

The physical p=operties of ~~e products, includi~g density, 
. 

modulus of r~ptu=e, water absorption and swelling of the procucts 

were deter:ni."1ed Oil all products, and found to be excella"1t for 

t:,e inte!'lded applications. Densit:r is g=eater tha."1 1.0 ;::vec 

over the e~tire range of resi!'l concentrations from 7.5% to 3~~. 
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Modulus of rupture (~OR) values are also high a~ all resin 

levels. For example, at 10"" resin concentration MOR values of 

up to 460 kg/c~2 (6,545 psi) were obtained. Moisture content 

and % swell values were also low for all s~les averaqinq about 

5% in each case. 
"'I 

One problem which requires some further effort is the 

difficult release of the molded boards from the alumL~um caul 

plates. L'1 a few i..~stances stickinq was severe. While this 

problem can be ~inimized by generous application of mold release 

lubricant, a better solution would be to refinish (smooth and 

polish) the alumin~~ caul plates to reduce or el~ate the 

problem entirely. That this solution is possible has already 

been demonstrated in moldinq of similar panels in Jamaica. 

From the physical properties, and the anticipated material 

and manufacturL~q cost, it appears that an economically viable 

pl~'t process for m~~ufacturinq buildinq panels, based on bagasse 

filled/phenolic bonded corr.posites has been da~cnst:ated. With 

further work, and only mi..~or revisions in ~riC-Particle Board 

Plant equipment, these ma~erials c~'1 be manufac~u=ed on a con-

tinuous prod\.\ction basis If successfully followed up, the 

products developed can create new larqe markets forNEC product~ 

and ~~e efficient use 0: this large PBP plant aqain possible. 
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It also seems likely that materials for an entire house, 

not just roofs, can be developed al'ound the bagasse filled/phe

nolic resin bonded systems demonst:ated in this p~ogram. 

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 whol~ 

bagasse which is dried and cut (without separati~g fines 

and coarse) in the NHC particle board plar.t. With this 

type of bagasse it does not appear that it will be ne

cessary to powder tlie material in a banbury at Goodyear 

(as heretofore). 

2. Mixtures of bagasse and wood chip fillers have been in

vestigated and optimwm ranges of composition a:e being 

established. 

3. Minimum and useful range of resL, binder content has been 

established for several anticipated applications. 

4. Production of the ~agasse filled/phenolic resL, bonded 

composite =oofing (building) material has been successfully 

demonstrated on a plant scale at NBC. 

5. Physical pr~perties of the products including density, m=

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 pheno~ 

,formaldehyde bonded composite material suitable for a wide 

range of applications. 

7. The use of phenol/formaldehyde resins has been successfully 

introduced to NRC personnel, and technology transfer in 

the processi."lg an": curing of these resins effected. 

8. The operating base provided by the bag~sse filled/phenolic 

dry blend process can be expanded in the future via purchase 

of new plant equipment to enable additional types of 10\01 

cost buildi."lg materi~ls (developed in the AID sponsored 

research) to be manufactured. 
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4. RECOGNITION 

The NHC-PBP personnel listed on the cover ?ag8 have ex-

tended th~elves "beyond the call of duty" to accoIq)lish a 

great deal over a V~l'"".l short time period. This included worki..,g 

ove:( the entire weekend of July 2, 3, 4 as well extra hours on 

many other days. As General Tobias expressed it, "How better 

could ~e 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;." 

• IwIONSAN~O RESEARC~ CORPORATiON. 
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APPENDIX J 

SELECTION, FABRICATION, AND USE OF TE~PORARY 
~OLDS FOR PROTOTYPING 
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APPE:-JDIX J 

SELECTION, FABRICATIO~, A~D USE OF TE~PORARY 

MOLDS FOR PROTOTYPING 

An important aspect of any plastic or rubbe~ process is the 

availability of appropriate molds which are compatible with ~he 

materials being molded, will provide the desi~ed surface fini5~, 

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 mo:d surface. Two techr.ique~i 

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 bending. 

In the experimental wor~ it was shewn that ~o:~s consisting of 

al~~inum caul plates were p~eferred for the ERr, 3RR, and BOB 

mace~ials with standa=d silicone 0= s~earate =elease agen~s 

~e~ng used wich the 3~~ and 3CB materials. The B~P ma~erial was 

a real problem. One, and on:y one, release agent was shown to 

resolve a tough mold =elease problem inherent in the excellent 

adhesion 0: the phenolic resin. The 3RT materl31 could te 

molded C:'. alurnin:.lr.: s:.lr:aces, but steel surfaces ' .... ere just as 

adeq'.la te . 
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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 cau~ this poor flow which was very advantageous 

from the standpoint of simplicity c2 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 

corr~gated molds range in cost from $5000 for a sq ft lab mold, 

up to S30,000 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 or 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 

pacels were needed as early as the second year of the prog:am, 

and budgeted funds and times (spread over three participating 

countries) were strained, a p~ocess for making temporary molds 

that ~esulted in costs one tenth of that for permanent molds was 

cons:dered. The process incorporated casting with a lew melting 

alloy, ~irkslte, where casting p~ovided the economic bene:i:. 
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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 r~pli

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 650°1, 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 ~ast iron part3. 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 ~etal is cast into the sand impression. The mold making as 

acccrr.plis~ed :irst i:1cluded making a bottom 'Noed pattf'· .• of the 

size a~d shape of the bottom 0: the intended part, as illustrated 

in Figure J 1 for tr:.::! 2.5 it x 7 f t corrugated mold that was 

~ade. 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 
made that would dete~ine 
the profile for the bot
tcm of the part eventually 
to be made. 

(c) One of the corruga~~d 
molds was shi~ped t~ 

St~~da:d EUll~l~g Pro
ducts In JamalC3 and 
remains there. 

(b) The wood pattern had cor
rugations with amplitudes 
of one inch and periods 0; 
three inches. 

"'. 
-; 
'., .. 

(d) ~he other mold was 
instal:ed t~~pora:i:y 
at the Amerlc~~ Pl,
wooC Assoc':''''~ion · ... here 
process development 
Iofas conducted. 

::i;ure ':-1. ~NO tem?cr~r: molds for preparing 2.5 ft x 7 ft. 
cor~Jgate~ ?anels were fabricated using a casting 
procds3 ~~ conju~ction wi~. a weed pattern. 
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The pattern size and contours must be adjusted (enlarged) to 

account for both expected and non-uniform shr:nkage of the 

Kirksite during the cooli~g stage of the casting process, and 

to account for the shr~nkage of plastics inherent in their 

being molded hot and then cooled. This is ~robably the toughest 

part of the mold making, especially when trying to matc~ some 

other given shape, requiring skill, engineering capability and, 

most of all, experience. 

After the bottom pattern was made, wax sheets the thickness of 

the part eventually to be molded were laid on the pattern. This 

wax surface developed the contour for the bottom surface of 

the top ~art of the mold. Plaster impressions of both this 

top wood/wax patte~, 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, 

attachme~t 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 part out, ability to fit into a press, etc. 

At this stage, the plaster mold could have been scrapped at 

li~tle cost, if som~ problem was observed. ~odifications could 

then be made to the origiI~al ~atterns to remedy any shortcomings. 

As the ?laster replica checked out, it was used as a form around 

which wet sand was packed tc for~ negatives of the top and 

bottom ~alves of the ~o12. The ?las~er models were then removed 

from the sand and Klr~si~e case into the cavity, left to cool, 

and removed. Only mi~or ~oli3hing, alignment and finishing 

were then required. 



(a) Plaster replica of ~ld 
used as a form to make 
a sand L~pression for 
casting into with Kirk
site metal. 

(b) View showing top insert 
and bottom of mold sep
arated. 

(c) Side view showing B~~ 
rubber sheet in place 
for molding. Electric 
heate:s in3erted per
~nently on rear side • 

. ; vr.~ :co':. by cr.e f,~ot temporary corr'Jgated mold 
was =as~ :~~ ~aborator'l p:e?aration of specimens 
usi~g 3 rc:a:ivcly low cost precess. 
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In the program, an approximately one square foot laboratory 

mold, shown i~ Figure J2, was made. This mold was used both to 

make samples and to evaluate the Kirksite techniq~e, since ex?e" 

ence with such type molds was limited at ~RC. The results were 

excellent, providing the mold from which a number of small 

corrugated parts were made of the ERR ~acerial. Such rr.olded 

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 corrugaticn turned materials with an 

unobvious application into what appeared to everyone as roofing. 

It was also found :=om this experimencal mold that the non-polish

ed mold surfaces int=oduced no problems in molding or any 

undesi=able appearance, that the BRR material did not need to 

be confined by the mold at the sices 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 

pahel used extensively in low cost housing in Jamaica. This 

shape was different from that of any corrugated iron or alllminuln 

i~ the United States, havi~g a depth of about 1 inch and a 

period of abo~t 3 i~ches. The corrugation pacte=n was accepted 

because it was satis~actory structurally for all the alte=nacive 

mace=:.als bei:i'; consic.ered, ',.;as optimum wit!1 respect to econor:1ics 

diccated by the amO~:it of ~ate=ial required (which increases as 

the a~plicude of the corrugation increases), and because any 

panels would be compati~le with existing corrugated aluminum and 

its va=:.ous accessory ~leces, such as ridge caps, flashi~g, 

r:dge cap seals, etc. 7~us, panels made from any of the alte=native 

roo:i~g materials could te installed without the necessity for 
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making accessory piec~s, 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 

develo~~ent 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 ~old. The mold was installed in a single 

daylig~t, side loading press at the American Plywood Associ

ation, Tacoma, Washington (at no cost to the program). It was 

heated by contact wit~ the steam-heated platens of the press 

(The internal piping was not used). T~e bottom of the mold 

was j~st laid into ?lace i~ the press and the top c~ained up in 

a temporary fashlo~ after bolting on angle irons to the ends of 

the mold to extend outside of the press, as shown in Figure Jl. 

A BOB canel was ~olded wit~ the Kirksite mold. It performed 

very well with respect to overall function, and the various 

process details for the 303 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 

mo~d. The molded carts were to have a thickness of 0.125 

in~hes, but in fac~ 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 wa~ 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 i~~ediate ultimate solution. 

However, having in hand this profile, attempts were made to 

reduce the thickness va~iation in parts by laying thin lead 

sheets onto the surfaces 0: the mold where the greatest thick

nesses existed. In this way, b~tter parts could be made. 

Considerable time a~d 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 ar-a nodified thickness 

profiles. At least 30 usable panels were manufactured at the 

University of Washington/ ~~eric3n ?l:rwood Association pilot 

plant facilities using t~e lead ~odified ~old. 

Knowlng the non-uni~ormity and thic~ness problen, 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 3uilding Products, Jamaica) taking into account 

the 5~crtcomlngs 0: ~~e first ~old. ~he mold ~a~er acce?ted 

t~is, and after n~~erous trlals at ma~ing a be~ter mold, dellvered 

one tha~ ~ad improved, b~t Stlll a ~arginal thickness variaticn 



for the BOB material system. This mold, shown in Figure Jl, 

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 

underexpc.,sed and thus the mold cannot be shown). 

The corr~gated mold sent to Standard Building Products was 

intended fo~ use with the BOB process. The BOB process wa~, 

at that time, under prime consideration for the demonstration 

~n Jamaica. The mold was not used, however, because the BOB 

process was dropped from consideration in the demonstr3tion, 

and getting the mold into the press at Standa~d Bui.lding P=o

ducts would have severely hampe=ed their =outine manufacturing 

schedule in~o which the demonstration manufacturing had to be 

fitted. 

In conclusion, two large and one lab size temporary molds exist 

for making corrugated parts that can be used for further pro

cess development. However, they are no~ adequate for any pilot 

production. They could be melted down to recover the Kirksite 

and make a new mold, but whether or not a cast mold would be 

suitable ~or large parts is yet to be determined. At this 

point, any planning would require anticipating the use of 

smaller cast molds fo= some development stages, and to get 

practice at making parts in the partjcipating countries, but 

any production would have to include :he use of machined molds 

at their known high coses. 
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