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6.

(2)

(3)

various types of socio-cconomic obstacles
to the diffusion of the technological
innovations as well as successful admini-
strative market and institutional inno-
vations involved to overcome the obstacles.

An analysis of the housing roofing materials
industry in the pilot regions involved in
the project. The questions guiding the
analysis include:

(a) The stcucture of the industry, major

~  materials used and sources of supply,
size of enterprises and employment in
the industry.

(b) Currcent demand for and availability
of roofing.

(c) Modes of financing. Role of govern-
ment in financing, zoning, urbaniza-
tion and infrastructure.

At the stage when the applicability of new
matgrials and designs have been established,
a third set of economic studies will be
needed to ascertain:

(a) Cost fuactions for the new materials

(b) If cost varies with scale of produc-

~ tion of the materials and construction,
the changes in demand patterns for
ronfing needed to minimize unit costs.

(c) The institutional changes in financing
required to genevate the required
demand flow.

(d) Net employment effcct of the innovations

~ for different scales of operations on
construction sitce labor and materials
manufacturing and transport labor.

Research Methodology

The research will center largely on two streams of

cffort to develop, test, and evaluate binders for selected
types of common fillers and fibers within the overall systems

12



context previously described. The streams of effort, to be
carried out in cooperation with three LDCs, are:

-- development of composite materials using plastic
binders (e.g. thermosetting plastics and thermo-
plastic materials) that require less than 50 per-
*cent of the foreign exchange costs of corrugated
iron and that are cheaper than and outperform
corrugated ivon

-- deveclopment of composite materials using local
binders (e.g. asphalt, latex) that require
essentially no foreign exchange and that are
cheaper than and equal in performance to corru-
gatad iron

Both stveams of effort should lead to a very simple
production process suited for application in small towns and,
if desired, in individual villages. In the case of thermo-
sctting plastics (twelve cents/squarc foot) the polyester
will be imported in liquid containers, coated onto local
materials in crude facilities, and hardened in place. The
£t111l cheaper themoplastics (seven cents/square foot) will
require some pressing equipment although the cost will be
lew. The local ‘binders may also require some pressing
equipment,

The methodology encompasses four major areas:

-- Materials: Binders

== Materials: Indigenous Fillers and Reinforcements
== Architectural Design, Construction, and Detailing
-- Economic and Sociological Factors

(a) Materials: Binders

(13 Thermosetting Plastics

Thermosetting plastic materials offer a
tremendous advantage as a binder material,
especially due to their very low cost. For

instance, phenolic adhesives (used extensively

in clectrical transmission and telephone
cquipment) now are sold in bulk in the
neighborhood of 5¢/1b." The thermosetting

plastics that are considered are the phenolics,

*On a 40% solid basis; i.c. 12.5¢/1b. on a rcactive basis,
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Corrugated Iron
Corrugated Aluminum

Corrugated Asbestos
Cenent

Thermosetting
Plastics

Thermo Plastics
Indigenous Binders
Latex

Asphalt
Concrete

COST COMPATMISONS
(Preliminary Estimates in

‘nts per Square Foot)

Cost Equipriont (Amortize
Dackside LD _over 54000 roofs)
in LDC MiddIeman, For " BXChT Local Labor
(Foreign LDC Tax Transport + Tax + Local (25¢/hour) Local
Exchange) (Est 50%) (Est 50%) Middleman Costs Mfg. Install Material TOTAL
30 15 15 0 0 0 1 0 61
24-36 12-18 12-18 0 0 0 1 0 49-73
23 11 1/2 11 1/2 0 0 0 1 0 47
12 6 6 1 1 1 1 2 29.1
7 31/2 31/2 2 2 2 1 2 21.2
0 0 0 2 .2 3 1 7 13.2
0 0 0 1 .1 2 1 51/2 9.6
0 0 0 1 .1 2 1 8 12.1-
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Cemparative Properties of Roofine in Humid Tropics

Minimup
Lifetime Weight
(Years) Strength (pounds/sq ft) Thermal Properties
Corrugated Iron 5 Strong 1.0 Poor
Cerrugated Aluminum 5-10 Weaker 0.6 Poor
Corrugated Asbestos
Cement 5-7 Weaker/Brittle 4.0 Fair
Thermosetting Plastics 10 Strongh 1.5 Excellent
Therwmo Plastics 10 Strong 1.5 Excellent
Indigenous Binders
Latex 5 Weaker 1.5 Good
Asphalt ) weaker 1.5 Fair
Concrete 5-7 Strong/Brittl- 4 Fair
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(2)

the styrenated polyesters, urea formaldehydes,
urethanes, and epoxiecs. By far, the phenolics,
polyesters, and urea formaldehydes offer the
major advantages in cost. They by themselves
are not readily foamed and therefore cost
reduction by the incorporation of air is not
now commercially available. FExtension of the
state of the art could be used to prepare -

low density foams of thesc polymers. Typically,
to make a composite from the phenolic, poly-
ester, or urca formaldehyde, it will be
blended in with a filler and/or fillers of
interest and pressure and heat applied. Such
an operation could readily be set up in a small
plant to fabricate, for instance, phenolic
bonded bamboo, hemp, leaves, or other fibrous
fillers. In order to make an adequate roofing
material some rigidity would need to be made
available through the reinforcing filler either
by gross geometrical consideration or the use
of higher modulus fillers.

Urethanes and epoxies also have mnuzh to offer
as binder's and matrix materials, even though
they do have a few shortcomings. In general,
the use of urethanes in humid climates is not
considered to be good; however, much of the
information on which this is based comes from
sources which used improper chemical systems
and applications. Some of the major advantages
of the urethanes and epoxics are their versa-
tility in tailoring a broad range of mechanical
characteristics, their excetlent bonding prop-
erties, their cxcellent strength and toughness,
and their ability to be foamed. The fact that
these materials can be readily foamed is a
major advantage in reducing the pounds of
material required for an application.

Thermoplastic Materials

Unless some very major improvements in bond
strength and reliability can be achieved in
other thermoplastic materials (which is not
likely), polyethylene, polystyrene and poly-
vinyl chloride arc the synthetic thermoplastic
materials which would be most attractive
economically. Present bulk prices for poly-
ethylene and polystyrene and polyvinyl chloride
are in the 12¢/1b category.
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Even though the commodity type thermoplastics
are relatively cheap they can also be further
reduced in cost, for a given perfoermance, by
the incorporation of air to reduce their
density. Styrene, for instance, can be made
into the form of po.ystyrene beads or can be
foamed in bulk. The foaming of these thermo-
plastics, however, does require some advanced
technology, and blowing agents (pneunatogens)
which represent additional costs both in use
and in shipping. In cases where pressure is
desired to bond fillers together, however,
pneumatogens can be used to provide internal
pressurization and assist in forming a com-
posite. The use of the thermoplastic materials
1s highly desirable because the chemistry is
all done before the system gets to the LDC.
From there on, only physical reactions are
required such as heating and pressing. The
fact that the chemistry is complete also
means that stabilization of the systenm prior
to its usc is less important.

This technique has been used to bind waste
newsprint into pressed board, and also offers
promise in production of mincral filled poly-
ethylene having a high percentage of low cost
particulate fillers.

Indigenous Materials

Two particularly promising indigenous materials
for binders are latex and asphalt. While the
properties of these materials are reasonably
well known, more concerted efforts are needed
to apply thewm to roofing problems in a vigorous
fashion. Also, the potential of lightweight
concrete will be explored to the extent pre-
vious work has neglected this material.

Although protcinaceous and other natural organic
products suggest themselves as adhesives those
would not be suitable for outdoor use as binders
for roofing materials. First, they must be
available in large quantities, at low cost, in

a relatively high degree of purity, and this
favorable situation secms unlikely in the LDCs.
Additionally, all such proteinaceous adhesives
suffer from a high degrce of moisture sucepti-
bility, hydrolytic instability, putrefaction,
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Filler
or
Reinforcement

Solid [ - | . . Low .
l Vegatation Fibrous Residues Speciality
Farticulate | Density
Clays Nuts Stalks Wastes Air Fire Retardants
Flyash Bark Straw Trash Expanded Coupling Agents
Minerals Wood Hair Bagasse Verm{culite Funaicides
Stones Cork Feathers Hulls insecticides
Nuts Grains Synthetics Husks Microballoons  Stabilizers
Shells Hulls Cloth Seeads Colorants
Sand Husks Fabric Paper
Glass Beans Asbestos
Rock Leaves Glass =
Shale Hemp
Metal Bamboo
' Reeds
Grasses
Canes
Vines
Flax
Leaves

Filler Systems Analysis “hart
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the difference in the density of the sand
filler and the polyethylene binder is

taken into account, it becomes apparent

that on a volume basis the sand costs as
much as the polyethylene and therefore at
the 5 cents per pound cost sand is not an
economically effective extender for poly-
cthylene. Since for structural roofing
applications, materials must be used on a
volume basis, approaches like filling of
polyethylene with sand could hardly be justi-
fied. Certainly, these and other similar
pitfalls, must be avoided in the selecction
of a proper filler and resin system for use in
making a cost effective roofing composite.
However, in some locations in developing
nations, sand may be a readily available
filler and the total cost would be only that
of transporting it with low-cost available
labor. 1In this type of situation, sand may
indced be an excellent filler which, by its
high modulus, can contribute considerable
reinforcement to the filled composite.

(2) LOW DENSITY AND FIBROUS TYPE - Candidate
filler and reinforcing materials are readily
availuble in most LDCs. Low density fillers
arc most attractive, especially when they are
naturally occurring. The2 predominant material
which is indigenous to all countries is air.
Alr stirred into any material at ambient
pressure, can readily be made to take up at
lIcast 70 volume percent. of the system. A
material having a density of about 80 1b/cu ft
could rcadily be made to have a density of
about 20 1b/cu ft or less (2 1lb/cu ft with
pressurc). In such a case, the material
would be closed cell and therefore be an air,
vapor, and inset barrier, rather than being
porous. Alr as a filler is used extensively
and when incorporated into plastics rcsults
in what is called a foam. Most commercially
available foams, however, are blown with
relatively expensive pneumatogens such as
the fluorocarbons, and most have a predominately
open cell structure which would be undesirable
for roofing applications.

Other air containing fillers include ¢hings
such as expanded vermiculite, microballoons,
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popcorn, wood, cork, bamboo, ctc. Various
approaches to using the low density fillers
should be included in the experimental pro-
gram. This includes first using indigenous
low density fillers as a reinforcement in a
composite, then incorporating air into the
binder material to Ffurther reduce weight and
especially the amount of binder required.

Take for cxample an indigenous material such
as bamboo, reeds, ectc., which can be incor-
porated to take up to roughly 70 volume per-
cent of the composite material. This then
means that 30 volume percent of some other
material will be required to hold this rein-
forcement together. In the casc of a dense
adhesive this would mean that 30 volume per-
cent, or roughly 30 weight percent, would be
required.  Significantly, however, if air
were whipped into the matrix or binder, or
if the composite were starved of the binder
material, the air could end up displacing
roughly ,70 percent of the matrix material.
Thus one would end up with a composite which
is only 15 volume percent of a binder, at
least 20 volume percent air, and at least 70
volume percent of a reinforcement (which also
is probably ot least half air). Suffice it
to say that in order to establish rcasonable
cconomics, low density {illers, especially
air, must be considered. llowever, in no
case would the strength/density of the struc-
ture be lowered below the minimumn required
tor safery, load bearing, ctc.

Additional <illers will also be nceded in the
primary reinforcing structure for displacement
so that more indigenous materials can be used,
so that costs can be minimized, and so that

a practical sufficiently rigid system can be
made, For cxample, fibrous type materials

might be fabricated, woven, and tied together

so that a good rcinforcing system is ecstablished
which will then be bonded together with some

matrix material.
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of the United States. Research, design, and development
activities at the Center are directed to generate naw and
usef1l processes, devices) systems, methods and knowledge
for improving housing and education. The Center is also
focused on industrial and socio-economic development. Key
operating fcatures of the Center are that its work is truly
interdisciplinary, involving diversec scgments of the
Washington University community, and that it maintains or
creates cooperative tles with counterpart institutions in
the region in which the technology is to be applied.

As an illustration of experience a few of the materials
applications programs conducted by Monsanto Research Corpora-
tion and a few of the more reccent development programs con-
ducted by the Center for Development Technology are:

Quick Setting Cement Patches (MRC)

Low Cost Fiberboard Structures (MRC)

Low Density Structural Material (MRC)

Precision Molding (MRC)

Metal Plasma Spraying (MRC)

Plasna Sprayed Polymeric Coatings (MRC)

Graphite Fiber Reinforced Composites (MRC)

Impermeable Coatings (MRC)

Techneliogy and Housing for Rural Development (CDT)

Technology and I[ndustrial Development (CDT)

Mr. Ival Salyer, the Program Manager, has managed all
ises of materials devclopaent, synthesis, characterization,
rmilation, processing, cvaluation, design, cngineering, and
tilization. 7Tn addition to his management capabilities,

r. Salyer offers a strong technical background to the program.
He is onc of the foremost experts in plastic foams in the U.S.
and has directud programs to develop improved and novel epoxy
feams, polyurcthane foams, polystyrence foams, metal foams,
ceramic foams, and threce-dimensional honeycomb structures.
its knowledge of synthesis of plastics and their Fformulation

will be most vaiuable in coordinating the utilization of avail-
able indigenous materials.
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Mr. Gzorge Ball has also directed development and
engineering programs in highly filled plastics, impact
resistant windews, stable coatings and bio-engineering systems.
He managed the physical testing laboratory at MRC's Dayton and
Boston Laboratories for a number of years and is thoroughly
versed in the characterization and analysis of structural

components.

Professor J. P. R. Falconer has participated in con-
ferences and seminars dealing with problems on housing and
materials in Nerth and Latin America, Africa and Europe. In
1971 he served as chairman of the UNIDO Vienna conference on
the use of plastics in building, and shared editing responsi-
bilities for material presented at the UNFAO Vancouver con-
ference on the usc of wood for building in developing countries.
His experience and background include a number of very directly
related areas in architectural design and construction methods,
including three years on the faculty of the University of
Science and Technoloygy at Kumasi, Ghana. His primary interests
have been in low-cost building systems.

Contributicn to Institution Building

From the‘*outset rescarch institutions and concerned
Government agencies in the selected LDCs will be directly
involved in the project. Many LDCs are known to be interested
:n this type of research, and there should be little difficulty
in finding not only interested LDC partners but partners who
will make substantial mawvching contributions to the project.
Yor example, more than a dozen African countries are engaged
building research, and a recent UN survey of their activi-
tes and interests identifies low-cost roofing as a research
criority.
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Monsanto has proposed Ghana as a principal partner and
ready has ccllaborative ties with the Building and Road
@search Institute in Kumasi. The Monsanto team has worked
in the field in Ghana and is well aware of limitations and
epportunites in that country. The real question in Ghana is
now to insure that the research results penetrate beyond the
wails off the Institute into a broad segment of the economy.

1
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There are other obvious candidate countries with
interested researchers -- Thailand, Indonesia, and Colombia.
There are also countries with severe needs but less indigenous
strength in the research area -- Bangladesh, Caribbean
countries, Togo.
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It is proposed that initially linkages with Ghana,
a Southeast Asian countvry, and a Caribbean country be con-
sidered. The final choice will depend both on technical
factors and on the interest of the local Covernmental,
business, and rescarch communities in the project, as
demonstrated by their commitment of manpower and resources
to the effort.

9. Utilization Plans

The principal immediate targets for utilization of
research results, assuming the results are favorable, will
be the building industries in the three cooperating countries.
In view of the multifaceted aspects of the building industries,
in-country scminars and local advisory committees for the
project are envisaged. These activities will be designed to
involve the local financial, development, and construction
communities in the project from the outset.

Diffusion of results beyond the three countries will
involve the usual distribution of reports, involvement of UN
zzencies and other donors, and similar activities. Also,
d:iffusion of results through regional seminars will be planned
at the conclusiom of the project.

10. Budget Analysis

The estimated-budget is as follows:

Direct Labor and Overhecad $ 225,000
Subcontract with CDT and Consulting TFees $ 200,000
(Labor, travel, materials)

Materials and Equipment $ 80,000
Travel $ 35,000
General and Administrative $ 70,000
Fee $ 40,000

TOTAL | $ 650,000

The precise expenditures will be refined in contract
negotiations with Monsanto and will be reviewed at the completion
of Phase I. The subcontract provides for broad architectural
and cultural/economic inputs., Expenditures will be distributed
roughly 25%, 37 1/2%, and 37 1/2% over the thrce years.
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