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PROLOGUE

Improving the quality and lowering the cost of low-income housing
is a challenge facing all parts of today's world. Recognizing the urgency
of this situation, the U.S. Agency for International Development has ini-
tiated a2 number of programs to alleviate this situztion and to assist in

providing better housing at less cost for people throughout the world.

As a part of its long-term program, AID assigned Southwest Research
Institute the task of developing innovative techniques for surface bonding

in public housing.

The program began in early 1974 in Colombia. Since that time, pro-
totype houses have been constructed in Bogota and in Cartagena, Colombia,
Dar Es Salaam, Tanzania, and Selebi-Pikwe, Botswana, and discussions are

underway to implement these initial efforts on a much larger scale.

It is hoped that this handbook will serve as a guide to those indi-
viduals and organizations who wish to utilize these techniques in their own
cities and countries. In certain countries of the world, specific formulations
and processes employing the combination of sulphur, dicyclopentadiene, glass
fiber, and talc have been patented or Letters Patent have been applied for.

In those countries, anyone wishing to use these formulations or processes

for any reason other than to serve a government purpose, should open nego-
tiations to obtain a sublicense from the commercial licensee. To the best of
the knowledge of the authors of the handbook, other formulations and processes
mentioned in the handbook are neither proprietary nor patented. In such cases,

no organization or government has an exclusive claim on their use.

The Southwest Research Institute team is grateful for the efforts and
contributions of many individuals and organizations in behalf of the program.
In particular, SwRI would like to extend its thanks to the staff of the USAID
Mission in Bogota--to William Ellis and to Alfonso Corredor; to Dr. Efraim
Otera, Dra. Lee de Gouffray and the staff of COLCIENCIAS in Colombia; and to
the Instituto de Credito Territorial, whose counsel, advice and assistance
made the program a reality. At ICT, the efforts and enthusiasm of Alberto
Vasquez, Pedro Javier Soto, Eduardo Parra, Dario Valencia, Rafael Valdiri and
Ronald Moreno in Bogota and Reynaldo Martinez, Edguardo Martinez and Gustavo

Armador in Cartagena made the program not only a reality but a pleasure.
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In Botswana special thanks go to Mr. Norman Olsen, USAID Mission
Director in Gaborone, and to Mr. Bernard Sesinyi, Town Clerk, and Mr. Leo

Ryan, Housing Officer, in Selebi-Pikwe.

In Dar Es Salaam, Mr. James E. Kikenya, General Manager of the
National Housing Corporation, and Mr. Bernard Sikilo, former Secretary,
Ministry of Lands, Housing and Urban Development, are due special thanks

as well.

Henry Arnold, Director of the Office of Science and Technology of
AID in Washington and Merrill Conitz, project leader of the program for

AID, contributed much insight and valuable guidance as the program evolved.

In the latter stages of the program, contract supervision was shifted
within AID to the Office of"Engineering where Tom Maiolo became AID's

project manager. We are grateful for their continuing support and assistance.

SwRI is also appreciative of the efforts of Olga Arango de Alban in
behalf of the program and for her excellent translation of the Spanish
handbook.

We, of Southwest Research Institute, are honored and privileged to
have worked with these individuals. We hope our efforts have contributed
in some way to the public housing program of Colombia, Botswana, and

Tanzania. ™ .

David Black
San Antonio, Texas
May 1977
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Sulfur Surface Bonding Project

Foreword

YReasonable shelter,"” according to the Agency for Internmational
Devalopment's policy determination on shelter,* "is an essentiél element
in the improvement in the quality of life for the poorest majority."

At the same time, it,ia.recognized‘that the poorest segment of the
population, which in most developing countries constitutes the majority,
has inadequate shelter., It is desirable, therefore, that development
assistance programs recognize this need and direct an appropriaté amount
of their efforts toward the shelter sector, '

What is meant by an "appropriate amount™ must be viewed in light
of tne many critical demands placed on the decreasing amount of development
assistance funds available. The Agency's financial and personnel resources
have been-declining in recent years, while at the same time, inflat;on
cocpined with the rapidly rising cost of energy, has seriously diminished
the impact of development assistance efforté. It therefore has beéomé
necassary to establish priorities which direct these limited resourées
available t;ward mitipgating the most critical problems of the poorest
‘peogie.

By Congressional mandate, AID is focusing its development assistance
pregram in the important areas of "Food and Nutrition," '"Population
Planning &nd Health,” and "Education and Human Resources Development."

An additional category of lesser priority is called "Selecteé Development

Problens,” and includes selected aspects of urban development, industrial

% See Policy Determination 55, (Revised) October 22, 1974,
Shelter Program Objectives.
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development, science and technology, and Infrastructure development.
The shelter and public works sectors fall under this category.

ATP's goal in the shelter sector is to assist developing countries
in analyzing their own.housing requirements, planning ané developing
policies to meet these requirements, and establishing the institutiomnal,
technological, and financial capacity required to provide reasonable
shelter for all levels of society, but particularly for the poorest
majority. AID has concentrated om provision guarantees on housing loans
through the Housing Guarantee Authority to increase capital flow, as the
availability of capital is the greatest single limiting factor in the
improvement of developing country housing.

In addition to direct financial support through guarantee, grant
and loan mechanisws, AID assists developing countries in uweeting the
micipum shelter requirements of poor families by specific technical
services, such as;

(1) Advising on the establishment of housing standards that
assure the minimum requirement of health and safety and enable
the construction of shelters that the poor can afferd.

(2) Supporting the "sites and services" approach, which provides
poor families with homesites in new tracts of urbanized land
with basic supporting infrastructure services on which to build
a shelter with their own labor.

(3) Providing technical assistance in order to develop viable
institutions to mobilize savings and provide small credits to
families for financing acquisition of their homesites, purchase
of building materials, or construction of a core house.

(4) Assisting the developing countries to adapt new housing
materials and construction technelogy to reduce costs or improve
the performance of low-cost housing, using U.S. research and
technical capacity that is applicable to LDCs.
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In oxder to carry out a viable shelter strategy, there must be
strong and sustained efforts in research and institution building which
draw upon the best talent available in the housing sector. The magnitude
of the problem is illugtrated by the fact that even induétrialized
countries, with their relatively greater financial and technical resources
have not been able to solve all of their own housing problems. There is

need not only for more research in the development of low cost shelters,

"but also in the adaptation of advances in developed country housing

technology to meet the unique needs and situations of the developing

comtries.

ATID's research and development program on technology adaptation for

improved low cost housing in developing countrxies is managed by the Office

of Science and Technology and Office of Housing with the cooperation of

the Office of Engineering. The program includes limited activities in}
(1) housing policy and institutional development, (2) materials technology
with emphasis on substitution and adaptation, and (3) housing technology
development and adaptation.

The Sulfur Surface Bonding Project was developed to help meet the
objectives of materials substitution and technology adaptation. Sulfur
has certain physical properties that make it an excellent surface ceating
and bonding material when melted and combined with various chemical
additives and reinforgement fibers. Where sulfur is more readily available
and less costly than cement, it becomes an economically beneficial

subsitute in block wall construction.
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Several years ago the Southwest Research Institute constructed an
experimental building on .its San Antonio Campus using the sulfur bonding
techaique. The experimental work done on this building and in subsequent
eiperiments on surface bonding with cement as well as éuifur has resulted
in a technology that has wide potential applications in building'

construction. . i

ATD recognized this as a technique that would have application in

low cost housing in developing countries. It was also known that:sulfur

-is cheap and abundant in many parts of the world and tﬁﬁS‘had potential

application in low cost house construction. The substitute material
co—bined with an adapted technology, therefore, appeared to be an.
attractive package for developing countries. In addition to some
sunplenental technical data on its appiication to low cost house con-—
struction, AID and the.Southwest Research Institute needed additional

data on its economic advantages and its social acceptability. Accordingly

Southsiest Research Institute was awarded a contract to construct four
test houses in each of three comtries and to collect and evaluate the
needed data. The data collescted and experience gainéd during this project
will provide a basis for introducing the sulfur technique in other
developing countries. '

The Sulfur Bonding Project is one of several examples of how AID,
with limited resources, is matching relevant aspects of U.S. science

and technology with an important need of developing countries.
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Surface Bonding Technique for Housing

Colombia, South America

Architectural Considerations
by
No;ma.n I, Turner

Southwest Research Institute
8500 Culebra Road
San Antonio, Texas 78201

January, 1975
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SURFACE BONDING TECHNIQUE
Chapter: Architectural Considerations

Introduction

The great technological advances in recent decades have made
it feasible to perfect an exterior and interior wall system utilizing
the basic load-bearing block and a joint or surface coating which
will produce 2 motarless wall element equal or superior in performance
to the contemporary block-mortar component system; and in particular
applications evidicing an economic advantage, Such applications may
be found in residential architecture where certain configuration, density,
simplicity, and habitability level are extant, and where the burden of
critcal housing relief cries for any useful system utilizing local or
available materials, supporting present or higher levels of empléyment,
and by its economy affords more housing within a set time and cc->st refer-
ence, These condi‘ﬁ.ons of dire need for low cost housing in Colombia
appear to furnish a favorable background for demonstration of the surface-
bond'ing technique in the residential category.

Residential Development and Siting

The residential category is selected within the framework of the low

income segment of population, wherein lies the tremendous need for housing.

This income group has the earning capacity to acquire a residence ranging

from 35, 000 to 45, 000 pesos. The provisions for housing at this low cost
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requires a high density development complex, where a maximum of
residences are positioned within a workable siting disposition: See
Figure 1,

.Each house is constructed separately and individually, but are
situated adjacent to one another, back to back, forming double row-
housing. There is no single common wall between units but each

residence has its own exterior walls. The structure of each house

is independent. The structures are single story, and contzin a gross

floor area varying from 68. amM2 at Cartagena‘ to 55.5M7% at Bogota.

The lot size at Cartagena, approximately 73.8MZis practically fully
covered by the housing unit, by including a larger patio within the unit
itself. Whereas in Bogota, the units are set back on the lot 2 consider-
able distance, with no secondary patio. The lot size at Bogota is 72. OMZ.

Design and Space Use

The residence of this size accomodates a family of two adults with
two to four children. It is self contained as to function area needs, and

provides the following spaces of sizes as indicated below: (See Figures

2 and 3). )
. Area (M“ ) Net
Space Cartagena Bogota
° Sala/Comedor (5.50x3,10) 17,05 (4,85 x2,80) 13,58
° Patio Ropas (2.30 x 1,.80) 4,14 (6,0x 2.45) 14,70
Cocina {(3.20x2.30) 7.36 (1.7x2.9) 4.93
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Design and Space Use (cont'd)

Area (MZ ) Net

Space Cartagena Bogota
° Bano (1.30 x 2.30) 2.99 (1.2 x 1.95) 2.34
° Patio (5.50 x 2.10) 11.55

° 2 Alcobas  2x(3.00x 2.70) 16.2 2x(2.9x2.8) 16.24

Terraza (3.10) x 2.20) 6.82

66. 11 51,79

At Cartagena the terraza at the entry, the patio ropas and the patio
separating the main living spaces from the sleeping area are not roofed.
The roof is double pitched over the living area and a single pitch over
the sleeping spaces, The roofed portions of the house cover a net floor
area of 43.6M?2 or 65% of the total area. The inside clear height varies
from a low at the eaves of 2. 40M to a high at the ridge of 3.20M., (See
Figure 4). -

At Bogota there is a double pitched roof over the living spaces with
an open Ropas. The living spaces cover a net floor area of 29. OM? or
66% of the total area of the residence. The clear height at the eaves and
ridge is: approximately the same as Cartagena. ('See Figure 5) The
fenestration is provide;l to spaces from the street elevation and to spaces
off the patios and ropas. At Cartagena with its tropical climate, no

glazing is needed. All fenestrations, of course, are within walls that

are non-load bearing.
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Material Systems

| _The‘single story residential structural sirstem is extremely simple.
The three part system comprises first, the foundation, a continuous
footing and grade beam under all walls; secondly masonry block, load
bearing wall elements as both exterior commmon walls running the depth
of the house with an additional intermediate parallel interior masonry wall
forming the interior partitioning which segments the spacial elements of
the plan; and third, the roof beams supporting the roofing and bearing on
the three masonry wall elements. Thus, the roof loads supported by the
roof beams are transmitted at three points each to the masonry walls.
Thence to the footings bearing on compacted fill below grade,

The roof loads imparted to the masonry wall elements through the
beams are in the magnitude of approximetely 60 Kg. as a point load, This,
when distributed through the bearing walls is distributed throughout as an
equivalent uniform load of 40 Kg, per meter length of wall. The total
load per wall including the weight of the masonry wall element is 2700 Kg,
or approximately 450 Kg. per meter length of wall at the footing.

The material com{aonents comprising the building elements are
indigenous to the locale and are selected for their availability, performance,
and economy. Figure 6, shows a partial section through the building
illustrating the typical interior and exterior wall elements, and by reference

numbers identifies the various component materials used in the residential
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construction, as itemized below:
1. Zahorra Compactada En Capas De 0,10
2. Cimiento Concreto Ciclopeo 2.000 psi
3. Socbrecimiento En Ladrille

4, Sobrecimiento Concreto Reforzado
Tongitudinalmente 4 § 3/8" + Est. ¢ 1/4" ¢/0.25 mts,

5. Placa Concreto Timple 2. 000 psi

6. Piso En Cemento Afinado

7. Masonry blocks; typical nominal size .10 x .20 x .40
{actual .95 x .19 x .39) and in some instances nominal
.20x .20 x .40,

8. Roof Beams: Wood, 3" x 3" or 2" x 4V

9. Roofing: Corrugated cement asbestos 3/8" thickness;
Sheets 1.0 x 1.5M

10. Lintels: Masonry block over openings in masonry walls
Since the surface bonding technigue utilizes merely a surface or
joint coating, with motarless joints, the design and construction must

accomodate this feature dimensionally., The face dimensions of the

typical masonry block are approximately .19 x .39, When used with

.0l mortar joints the modular dimension is then .20 x .40 center to
center of joint., However, with the surface bond technique, there is

no mortar to make up this one cm joint thickness so that when stacked

the block must be shimmed with wooden pegs, if not truly rectangular; and

the vertical dimensions at openings, at roofs and at beams or lintels must
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be adjusted accordingly. For instance, a typical wall of mortared
joints of 2,40 height will have 12 coures of block (. 10 x.20 x , 40).
But a surface bonded mortarless wall will have 13 coureses, and its
actual height will be 2,47, Similiarly, the door and window frames if
precﬁt or precast must adjust dimensionally to the new opening sizes.
A 2,00 door would be either 1. 90, ten courses i’ligh, or 2,09, eleven
courses; and a sash opening of 1. 00 would change to .95, five courses
high. The horizontal ;iimensions may be accomodated readily by cutting
the appropriate blocks.
Utilities

Provision for utilities within the residential unit is relatively simple.
The sanitary piping system is installed below grade in the compacted soil
before the concrete floor is poured. Three inch diameter drains collect
at a concrete distribution box which connects to a four inch house sewer
that runs to the street sewer main. The water line: from i;he underground
main runs through the exterior wall at the street elevation above the floor
along the "wet"' or plumbing side of the house, It services the Ropas,
Cocina, and Bano spaces,

The electrical service enters the house overhead to a distribution
box on the wall of the Sala. From the box through conduit which is notched
into the masonry block walls the power is distributed to the various spaces.

Each space is accorded a lighting box and outlet and a convenience outlet
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TECHNICAIL ASPECTS OF SURFACE BONDING

The surface bond technique for wall construction consists of
stacking concrete blocks, or other building modules, into a wall without
mortar being placed between the blocks. A l;onding material is then
applied to both surfaces of the wall to form a structural membrane
against the blocks which waterproofs the wall and binds it il']:f.'-O an integral
unit, A number of materials have been evaluated as the bonding material,
but this project has intentionally been limited to cement base coatings
and sulphur base coatings.

In.1963 a small building, housing the shipping and recei’ving group,
was built using a sulphur b.ase coating at Southwest Research I;istitute(I')f;‘,
To date thie building is still in ex;:ellent condition(2) and continued service
is anticipated for many years to come. In 1969, under a United Nation's
project(?’) several walls .were constructed in Guatemala employing concrete’
block as well as fired clay tile and the'se walls are still inl:a.ct.' To our
knowledge these are the two oldest sites employing structures with the
surface b-onding l:ec:h‘.nique and both usec‘1 the sulphur coating. More recently
in the United States other structures are appearing employing the surface
bond ‘technique, using both the cement base and sulphur base systems.

Constructi.éon Using Cement Base Coatings

When the walls are to be constructed on a concrete slab or beam

the first layer of blocks is set in a cement mortar similar to regular

*See Bibliography



mozrtar construction, except that no mortar is placed between the blocks
in the verticle joints as shown in Figure 1., This levels the first layer
~and bonds it to the slab. The blocks are;then stacked one atop the other
without any mortar between them to a convenient height as shown in
Figure 2. Depending on the width and quality of the block this may vé.ry
from three or four blocks to the full wall heig.ht‘ The 10 cm wide blocks
We;re stacked five high in this program. The block surfaces were _ithen
wetted Wi!:i:water to improve adhesion of the cement base coating which
is thEI-i troweled onto the wall surfaces as in Figure 3. After one day
the rest .of the blocks were stacked and then coated as before, This
type of coﬁstruction is not recommended for more than single .story' uriikg

for both the cement and sulphur systems.

Construction Usinp -Sulphur Base Coatings

Construction with the sulphur base coatings is very similar to

that already described with the exception that the sulphur coating is

applied hot in the molten stage. As seen in Figure 4, the first layer is

bonded to t};e slab by pouring the sulphur into the cavity of the block.
Adhesion was sufficient that when an attempt was made to remove oné

of the bond‘ed i)]:ocks the cc.mcrete slab failed in tension before the sulphur
bond between the block and slab failed as shown in Figure 5. Next, the
blocks are stacked to a-con.venient height and the sulphur formulation is
then painted onto the surface. Conventional paint brushes may be used,

however, it was found that small brooms worked as well as the paint
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brushes and were considerably less costly.

The coating is applied to a thickness of 2 to 4 mm. At this
thickness, the coating will solidify in 20-30 seconds. The entire wali‘
su;'face can be qc;ated with the sulphur formulation as in Figure 6, or
only the joints can be painted as in Figure 7. The preferred method is
to coat the entire wall surface since this gives a stronger and more
waterproofed surface, however, painting only the jeoinis requires less
than half a.; much sulphur coating, thus being more economically
attractive. If the wall is to be plastered eventually with conventional
cement plaster, then painting only the joints allows for a considerably
savings in cost and material.

With the sulphur base system, lintels can be prepared very quickly’
and ea.s';ily on the job site. Concrete blocks are butted end to end,
without mortar between the joints. The sulphur coating is applied,
preferably to the entire surface, but the joint:.s only can be coate‘d it
desired, Within 5 to 10 minutes, the lintels can be placed atop window

or door openings as in Figure 8 and then coated in the same manner as

‘blocks being added to the wall., The maximum span that can be bridged

—_

in this manner is determined principally by the flexural strength of the
concrete block itself and should be determined on site using the blocks -
available. Two methods were used in improving the strength of the
blocks. The first' method was to fill the cavity of the blocks with the
sulphur coating formulation. The formulation left over at the end of

the day was used for this application, rather than dumping it. on the
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ground. The blocks prepared in this manner were thus made to fail
through the center section of the block, rather tharn through the cavity
section.

The second means of improving the strength of the concrete
blocks was to submerge the blocks in .molten sulph.ur, or the :aulphur

plasticized with dicyclopentadiene. The length of time required to

. saturate the block with the sulphur will depend on how wet the concrete

block is. When the 'sulphur no longer bubbles due to the release of.the
moisture from the block, this is uwsually the indication that saturation

is complete. With the relatively dry blocks that were used in Cartagena,
this took from 30 minutes to 1 hour.

Cement Coating Formulations and Equipment

The cement coaking developed by the United States Department of

Agriculture has the following constituents in parts by weight:

100 cement
20 lime
5 glass fiber ~ 1/2'" long

2.5 calcium chloride
1.25 calcium stearate
sufficient water to give a workabhle mix.
The lime gives better workability to the mix, the glass fibers give
reinforcement, the‘ calcium chloride acceleratés the set, and the c¢calcium

stearate acts as a waterproofer. Essentially all that is required is the
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cement and a reinforcing fiber. A special alkali resistant glass fiber

is the only glass fiber recommended with this formulation. The alkal;
resistant type glass was not available in éolombia; so the conventional
type that was av.a.ila.ble, as well as asbestos fibers were returned to
Southwest Research Institute where strength determinations were made in
the laboratory. Two formulations were prepa.:";edf one using glass fibers,
the second us'fi.ng asbestos fibers. The flexural strength was determined

after the specimens cured for 6 days and this is reported in Table I,

Table I

Flexural Strength for Glass Fiber and Asbestos
Fiber Reinforced Cement Coatings

Formulation Flexural Strength at 6 days
{parts by weight) psi (Kg/m?%)
100 cement 535 {376, 000)

20 lime
5 1/2" glass fibers

1.25 calcium stearate

Water
100. cemenk
i
20 lime 425 (299, 000)

10 1/4" asbestos fibers
1,25 calcium stearate

Water
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Formulations were also made using the same amount of silica sand as
cement in both of the formulations above a_.nd the strengths W31;e the
same as without the sand. In erecting small walls, there was no
advantage to adding sand to the formulation. The sand added volume to
the mix, but more was required to cover the‘sé.me area and it was
much more difficult to work than the formulation without the sand.

N Wallettes (small walls) 4 ft x 4 ft (120 cm x 120 cm) were erected
using 10 cm wide blocks with each of the formulations in Table I, In
addition one wallet was erected using a commercially ava..ila.'ble coating
mix., These will be evaluated over the next several-yea.rs and can be
seen in Figure 9.

The only equipment required for the cement coating is a mortar
box for mixing the formuia.tion, a hoe or shovel for-mix:ing, and a -

trowel for applying the mix,

Sulphur Coating Formulations and Equipment

The_ sulphur coating f_ormulgtions consist of sulphur, a plasticizer,
and a reinforcing fiber, The pref‘:'erred plasticizer for i;he Bulphur’coa.ting
is dicyclopentadiens, In a-ddition to plasticizing the sulphur, the
dic;’rcloper-r.!:a.diene impartsa fire reta.r_ding characteristic tc; the 'formula.tiom
In all of our work to date, the dicyclopentadiene has been the most
practical modifier, and is also the most economical. By far the most

-

widely used fiber has heen glass fiber, however, other fibers have been

used, including asbestos.
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On the initial visit to Bogota in February, 1974, samples of
glass fiber, asbestos, talc and dicyclopentadiene were obtained and
returned to Southwest Research Institute for further study.

The optimum formulation developed as a coating in the States
that was designed specifically for spraying had the following formulation

in parts by weight:

100 ° Sulphur

7.5 talc

3 milled glass fibers

3 dicyclopentadiene.
The talc suspends the glass fiber's and inparts a thixotropic nature to )
the formulation to prevent its flow on a verticle wall. The milled glass
fibers are in an almost powder-like form which allows for a sprayable
formulation. On ti}e subject program, it was anticipa.ted that the coating
would be apglied with brushes and this allowed the invesl;igah".or-i of larger
fibers. Ta.blc-; II lists the flexural strengths of the various formulations.

The talc obtained in Colombia was not as finely grou_J;d as that

norrpa.llir used in the formulation, hence the ne-,ed f(-)r 3 to 4 times ag
much as indicated in Table II. The fa‘1.<:t that the formulation err;ploying
onli,r 5 parts -a.'sbestos was considerably stronger than the cement coa.l:i-.ngs,
indicated that this formiulation should be adequate for construction. The

last formulation in Table I was prepared using a floatation grade sulphur

product which is approximately 70% sulphur with the impurity being fine
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Table II

Flexural Strength for Glass Fiber and Asbestos
Fiber Reinforced Sulphur Coatings

Formulation
(parts by weight) ‘psi
100 Sulphur - 1475
7.5 Talc
3 milled glass fiber
3 dicyclopentadiene (DCPD)
100 Suiphur 1465
7.5 Talc
3 1/4" Colombian glass .
fiber
3 DCPD
100 Sulphur 1810
30 Talc (Cclombian)
-3 1/4'" Colombian glass
fibers
3 DCPD
100 Sulphur 685
20 Talc (Colombian)
1 1/4'" Colombian glass
fibers ’
3. DCPD
100  Sulphur 1430
20 asbestos (Colombian)
3 DCPD
100  Sulphur 1075
10 asbestos (Colombian)
3 DCPD
100 Sulphur 710
5 asbestos (Colombian)
3 DCPD
100 Sulphur (floatation ore 1325
70%S)
5 asbestos
3 DCPD

Flexural Strength at 1 day

(kg/m?)

" (1, 040,000)

{1,030, 000)

(1, 275, 000)

(482, 000}

(1,000, 000)

(755, 000)

(500, 000)

(931, 000}



-l am Wn ,
_ _ —' - ' st

volcanic ash. Unfortunately samples were not obtained of this material
until the houses were constructed, however, the strength tests indicated
that it will work fine and considerable sé.-vings should be realized since
it is half the cost of the pure elemental sn.;‘lphur.,_
The basic sulphur formulation employed in all three of the houses
in Colombia was as follows, although some minor modifications Wiﬂ.'.l
the asbestos type were made at times,
100 sulphur
5 asbestos

3 DCPD

One wallette employing glass fiber and one employing ashestos

fiber were constructed at SwRI as shown in Figure 9 for future evaluations

-over the years.

For melting the sulphur, any available heat source may be used

including wood, coal, or gas. Bottled propane gas was used oa the

subject program and is highly desirable because of the control by

regulating the ﬂame.‘ The quar’ltity used varied from i’»S to 50- I-d_los per
house depending on the size of the house. A comrn‘ercial burner r'nay be
used, a.lt‘!mu'gh we had burners fabricated from metal conduit as shown in
Figure 10. Any convenient size metal tank -m.ay be used for melting the
sulphur. For demonstration purposes a 5 gallon 'buc-ket is. shown in
Figu-re 10. For ;.ctua.l construction, two 55 gallon drums were used.

To bhelp insulate and hold the heat, concrete blocks were stacked azround

the tanks. Approximated 250 kilos of sulphur were melted in each tank

at one time,



’For-speedi_ng the melting of the sulphur one technique is to place .
only 20-25 kilos of solid sulphur in the drum. As soon as all of this
is melted, additional solid sulphur is addéd, making sure that the
sulphur stays liquid. If all of the sulphur is added initially, it will
take much longer to melt the sulphur because solid sulphur is a very
poor heat c;mductor. By melting in the manner described, t‘he 250 kilos .
were usually melted and the temperature raised to 145°C within 1 1/2
to 2 hours. Once the sulphur temperature is at 1.45"(3, the dicyclopentadiene
is adééd and allowed to react for 15-20 minutes before the asbestos is
finally added. GCaution should be taken that the temperature does not
exceed 150°C, or the quantity of dicyclop;entadiene does not exceed 3 parts
per 100 parts of sulphur, else the dicyclopentadiene can overreact with
the sulphur to form a very wviscuous, rubber-like material that ;Imsl: be
ciisclarded.

The asbestos usuzlly contaihs water so that there will be bubbling .
and foaming when it is first added to the molten mix, Once the foaming
l';as ‘stopped.’a.ﬁd the temperature of the mix is 145-150°C, the :ma._teria-l
is ready' to be applied. |

The. recommended safety eguipment for personnel applying tile
sulphur mixture is long sleeves to prevent burns if sulphuris spla.tte‘red
on the arms, gloves to protect the hands, and goggles or glasses to
protect the eyes. Jt should always be remembered that molten sulphur
is at a temperature above that of boiling water, but at 150°C, is usually

well below that of asphalts as carrently used for roofs and roadway repairs.
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Construction of Houses

Two houses were constructed in Bogota in Barrio Garces Navz;s.
These were single story units of approximately 50MZ of floor area. The -
wa;‘.lls were 10 blocks high plus the mortar joints. Due to elimination of
the mortar joints using the surface I;ond technique-, the walls were b!J:ilt
11 blocks high which was approximately 1/2 blloclf: higher l:han: the conventional
wall, \

One house we‘is built- with the cement-asbestos coating and the second
house was buil‘l: with the sulphur-ashbestos formulation. Using a crew of
two masons and two helperé, it took 2 1/2 days to construct the walls on
each house, which is comparable to what is required on the conventional
houses, With practice, the crews wounld become more proficient and could
possibly con’.struct them in less time. '

An overall view of the cement coated and sulphur coated houses in
Bogota ..is shown in Figure 11, The front of_the sulphur co;.ted ‘house is
p‘artiall.gr 'p.a.inted with white paint iﬁ.‘..th'e photogra.ph-..,_ ]-?iguf‘e_: i2'is a
closeup of the sulphur coated house after the entire fromt of l:l:le house i:a.s
be;an painted with white paint to give the appearance of white: plaster.

‘One problern:encOunl:ered in ‘the Bodgoata constructi;)n wa;.s ‘the time
requirefi' to stack the blocks into a plur;rlb wall., This proble;n was solved
in thé: Cartagena construction by using precut wooden Wedges-as shown pre-

viously in Figure 7. This saved considerable time. The second problem

involved large cracks in some joints as in Figure 13. These required
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excess material and considerable time to fill. It was found that by
stuffing paper or other filler matérial in the large. cracks first, and then
painting over this with the sulphur, this problem was eliminated.

The two houses constructed in Cartagena in Barrio Chile were
approximately 70MZ in floor area. On the convenl':ional' ho{z;-:-es, atop
the 10th row on these houses a steel reinforceld poured-in~place concrete
beam was us;eci to tie all of the walls together because of a very unstable
soil 111 the Cartagena area. By using the surface bond technigue this-
beam was eliminated, thus saving considerable time and cost. A.crew
of three masons and two helpers was used in Cartagena. On;_- of the
helpers; melted the sulphur and mixed the formulation. These houses
took 5 days to construct the walls, but the same crew was used to
combleée I:iae walls, In the conventional construction, a separate crew
was used for constructing the beam. In order to save costs, one house
had only the joints Apa.iuted, as opposed to the s_econd house that was coated
over the total block surface as in Bogota... As- a.nticipa.l:eé!, approximately ’
bhalf as mu;:h coating material was required when only the jioiint\s were
‘painted. Figure 14 is an overr;xll view of the two houses in Carl:a_gena.

In ‘order to speed construction using the éulphur system, sprayh::g
the coating as in Figure 15 would be very desirable. A small pump
(Figure 16) was purchased in Bogota and returned to SwRI where experiments
were conducted using this pump to spray 2 sulphur coating, The only modi-
fication reguired of the pump was a change in the seals., The use of such a

pump would allow for either spraying or coating over the entire block surface or
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controlling the width of the stream for coating only the joinks.

From the results thus far obtaired in Colon:}bia., the surface bond
technique appears competitive with conventional mortar construction and
depending on specific house designs, can offer considerable economic
savings,

The labor force is highly capable of ada..pting this technique to
meet local needs. On the first four houses constructed by Col‘ombian
crews, the time ‘of construction was very comparable to that of conven-
tional mortar construction. The materials costs in most instances could
be competitive with cement mortar, and in the houses in Cartagena,
considerable material costs were realized. Further refimements in both
materials and techniques should encourage more widespread use of this -

technigue.
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THE FIRE RISK IN LOW COST HOUSING

Southwest Research Institute, under a contract for the Office of
Science and Technology of the United States Agency for International
Development, has be;en conducting research on the utilization of the
surface bond construction techniqt;.e for low cost housing applications.
By this technigue the walls are constructed by stacking concrete or
other type blocks without any mortar between them and then applying a
coating containing a fibrous material on both the exterior and interior
of the walls. The coating inparts tensile strength to the walls, seals
the walls, and results in not only lower cost walls but walls that are
physically superior to conventional mortared walls., Work on this
project has led to the construction of four houses in Colombia demon-
strati'.ng this concept. One house was constructed using a cement and
asbestos fiber coating. The other three houses were constructed using
a modified sulphur-asbestos fiber coating. The sulphur was modified
by the addition of dicyclopentadiene which acts as both a plasticizer and
fire retardant for the sulphur.

The fact that sulphur burns has been known a very long time.
Homer (about 900 B.C.) tells of its fumigating properties when burned
to sulphur dioxide. Sulphur is referred to in the Bible as "Brimstone"
or "The Stone That Burns'. The public is aware of this and has every

right to be concerned over flammability of construction materials. By



the same token, no one associated with this development has any
intention of subjecting anyone in any country to any undue risks, or
hazards, The purpose of this paper is to attempt to place the problem
of fire risks in low cost housing in its proper frame of perspective,
so that those who are concerned can understand the parameters involved
and thereby be more knowledgeable as to the nature of the risks involved.

Figure 1 shows a cross section of a typical low cost house as
constructed in rnaz;.y countries of the world, Basically, it consists
of a slab floor, with block walls and wooden rafters supporting a roof.
In a hypothetical situation where a fire occurs within such a structure,
consider the hazards in terms of the different types of building materials
used or proposed for use in low cost housing., If an ignition source
produces a fire in the center of such a house, with the passage of time
the walls and the roof structure will experience 2 temperature rise as
depicted in Figure 2. The block walls of lov»; cost housing which have
great mass, exhibit a heat-sink effect; that is they absorb heat more
readily than a typical roof structure which is less massive. It is,
therefore, probable that the roof materials will experience a temperature
rise faster than the upper walls. As the temperature inside the building
rises consider what happens to some of the typical building materials
and systems.

Table 1 is a summary of some of the physical properties of typical
materials used in low cost housing, such as masonry or adobe block

materials, wood, thermoplastics and the sulphur based material being
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Table 1 Properties of Building Materials as Related to
Combustion and Fire

Blocks Thermoplastics Sulphur
(Concrete (Asphalt, Based
Property ' Adobe)  Wood etc. ) Material
Soﬂ:éning Point °C ‘ - - 93 -
°F - = - 200 -
Melting Point °C . - - - - 176 . 120
°F - - - 350 246
Pilot Ignition °C - 288 300-500 175
°F - 550 570-930 350
Heat of Combustion BTU/Lb - 7, 000-8, 000 12,000-16, 000 4,000
Cal. Gr. /Gr. - 3,900-4, 400 6, 600~ 8,900 2,200
Smoke Generation No Yes Yes No
Toxic Fumes ' No . Yes Yes Yes
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considered for use. It is apparent that as the temperature increases
in a wall made of typical concrete or adobe block, the block material
wall element does not have a softening point, a melting point, an
ignition temperature, a smoke generation problem or a toxic fume
problem. From the standpoint of fire protection, block materials are
ideal building materials, The first building material problem that

might be encountered due to fire would very likely be with some of

the presently used and contemplated roofing materials. Thermoplastic

composition as employed in roofing systems, such as asphalt, have

a softening point around 93°C/200°F. This -mea.ns that at this temper-
ature they will begin to soften and lose their structural integrity.
Around this temperature one can envision the possibility of the roofing
material or any other part of the house made from these materials as
falling into the room. If there were humnans present they could be
subject to massive skin contact burns or possible injury from falling
debris,

As the temperature continues to rise, the next material that would
suffer distress ‘would be the sulphur coating if the surface bond construction
technique utilizing sulphur as a binder were used to coat the block walls,
Sulphur does not soften, It melts at 120°C/246°F, and if pure elemental
sulphur were used as the binder one would envision the sulphur wall coating
as melting and portions of it flowing down the walls. The sulphur based
coating developed for the surface bond construction technique will melt on

the surface but because of the additives it does not flow down the wall,
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While this would lessen the structural integrity of the building, one would
not expect the building to fail to support the roof because the walls are
largely self supportive. The next occurrence that might be éxpected with
increasing temperature would be for any thermoplastic material in the
building to reach its melting point at which time it would be 2 mobile
liguid and flow rea.dilir. With further temperature rise we would expect
to encounter the ignition of combustible materials. Wood, thermoplastics
and sulphur based materials have pilot ignition points in the range of
176°C/350°C to 570°C/930°F. The exact point of pilot ignition can vary
widely for the same material depending upon the conditions, Once
ignited there is a great variance in their burning intensity and in their
subsequent contribution to the conflagration. Sulphur has a heat of
combustion of 4, 000 btu's per 1b, whereas wood has a heat combustion
of 7-8,000 btu's per lb and thermoplastics have a heat of combustion of
12-16,000 btu's per lb, Thus, wood contributes twice and thermoplastics
three to four times the amount of heat that sulphur does on combustion.
This heat has the effect of raising the temperatures of surrounding
materials and bringing them to their ignition point, which propagates the
fire both in area and intensity.

The sulphur composition employed in the surface bond construction
technique contains a fire retardant material that forms an intumesent
char on the surface on the sulphur which retards the underlying sulphur
from being ignited and burned. Thermoplastic materials and wood would

be expected to continue to burn. As the wooden rafters burned and lost



their strength, the entire roof structure would collapse., In many of the
low cost housing‘systems the roofs are tile, transite or sod and falling
heavy debris would constitute a major personnel hazard.

Now, consider the aspect of fire and combustion product-s as a
risk to personnel safety. Approximately 60°C/140°F is about the
maximum temperature that can 1:;e tolerated by the human skin. Any
temperature above this burns human flesh. This occurs in an open
space fire before any building materials or building element systems
are affected. The next probable measure of risk in a fire situation
is that of smoke gengration. Wood contributes heavily to smoke
generation as do thermoplastics, particularly the aromatic compounds
contained therein which form dense black smoke. Sulphur based
materials do not normally generate smoke, in that sulphur dioxide,
the main product of combustion of sulphur, is a colorless gas.

Another serious personnel aspect of combustion is the toxicity
of the gases produced. Man is accustomed to breathing air--nothing else.
In the case of wood, thermoplastics and sulphur, all produce toxic
products of combustion. The degree of toxicity of these materials
varies. It is interesting to consider the fact that most people who die
from smoking in bed actually lose consciousness from breathing the
fumes from the combustion of the mattress and have often succumbed
before ever receiving any flesh burns, D1:. Donald Dressler, Professor
of Surgery at the Harvard Medical School, has recently been studying

fire related deaths.(l) Now that the treatment for burn victims has so



greatly improved, and so many more patients survive the first day,
they are now able to observe trauma of a type heretofore unappreciated.
In the study of large numbers of patients who have been in fires, they
have observed that on the second day after the fire and after having
succeeded in returning the individual's bodily signs to near normal
conditions, the individual dies inexplainably. Through smoke tunnel
tests using both large and small animals, Dr. Dressler and his
associates have been able to identify that the smoke from white pine
and certain other woods contain constituents that are re5ponsib1é for
these deaths. White pine is considered ideal window trim and sash
material, wall paneling, etc. and is used extensively in houses con-
structed in the United States and elsewhere,

The product of sulphur combustion is sulphur dioxide. This is
highly irritating to the eyes, nose, throat and lungs in concentrations
greater than 6 to 20 (parts per million) by volume. At 150 ppm, the
irritation is almost unbearable. Concentrations in excess of 550 ppm
result in suffocation. Exposure to sulphur dioxide has no pen'nanent
systemic effect, and indeed forces evacuation of tile premises without |
causing permanent damage to an individual's health. This is most
significant, since the typicallow cost house resident is seldom, if ever,

more than 10 meters (33 it.) from a door or window exit. It should be

. remembered that we are not considering or contemplating the construction

of high rise or multi-story buildings; all building spaces are at grade level.

One might even consider putting sulphur in mattresses to awaken those
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who have fallen asleep and force their evacuation. One would not expect
an -individua.l in a house with sulphur dioxide furmes to linger there very
long. By the same token the slow burning rate of sulphur and the fume
generation in a2 small enclosure such as that of the low cost house would
alert an individual of impending danger and zllow ample opportunity to
escape. There are certain individuals whose respitory sysi;-ems are very
sensitive to any variation of what they breathe and are subject to a
"shut-off'" of the breathing process. It is very difficult to predict this
effect or provide protection against it,

The United States is considered one of the more advanced countries
in the world in terms of building codes. These building codes vary in
requirements and Acontent from one another according to geographical
locale, political entity and actual physical location. There is a wide
variation of materials allowed from one situation to another according to
building type, building use and building siting. Most of the codes rely
on the use of Amerifzan Society of Testing Materials standard tests that
have been developed over the years. Even with this elaborate system
of ASTM tests and building code requirements it is possible for materials
to pass these tests; be accepted under the building codes, be placed in
buildings and, in the case of fire, cause major injuries and death.

The history of urethane foams is a case in point. Urethane foam
materials that had passed the ASTM test and code restrictions have been
responsible over the past several years for numerous deaths in the United

States, This has necessitated the imposition of restrictions on their use.
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In the past, sulphur based coatings have actually passed some of the
principal ASTM fire tests, as reported on in a paper by A.C. Ludwig
and the author entitled '"Fire-Retarding Elemental Sulphur”.-(z) But one
is hesitant to rely totally on these findings. Thus, we must seek to be
responsive to the protection of an individual in a structure and not rely
entirely on the ASTM tests or the building code requirements.

Many countries where low cost housing is being constructed have
no building codes, test procedures or facilities to evaluate materials
behavior. At this point, science and technology might contribute solutions
to these problems. In looking into this, one finds that the ‘''state-oif-the-
art" worldwide is less than might be hoped for. A vivid example of this
shortcoming was the occurrence at Cape Kennedy in Florida several years
ago when three United States astronauts perished when fire broke out in
their space capsule. Immediately after this event great emphasis was
placed on the subject of fire retarding of materials. Much of this work
was carried out at the United States National Aeronautics and Space
Administration's Ames Research Center in Mountainview, California. (3)
After intensive studies at Ames, it was found that virtually any material
could be successively fire retarded by use of various quantities of
different chemical compounds, namely the halogens such as chlorine,
fluorine and bromine. The drawback, however, is that when heavily
fire retardant materials are heated they may liberate extremely toxic
gases, and people succumb to the toxic gases as quickly, if not more

quickly, than to the fire itself. Omne of the leading scientists at Ames
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contributed his life in this very manner. After several demonstrations,
where he held a torch to a piece of fire retarded material, he experi-
enced a heart attack which was later directly commected with~the inhalation
of the "off-gases', . A material can be ''fire retarded" but it should be
remembered that if heated to a high enough temperature, wvirtually all
materials that are oxidizmable, especially those containing carbon, sulphur
and similar elements, will liberate as a gas these elements or compounds.
When this occurs, the materials are prone to enter into very basic
chemical reactions where electrons are exchanged and products of
oxidization are formed. It is very difficult, if not impossible to prevent
this type of reaction from taking place.

In the case of sulphur, there-.-are specific steps that can be taken
to lessen the risks of using it as a binder material in low cost housing,
In addition to using the recommmended 3 percent by weight of dicyclo-
pentadiene which acts as a fire retardant material for sulphur, the
incorporatim of filler material such as sand, talc or volcanic ash with
the sulphur will further retard the burning characteristics, In many
developing countries there are native elemental sulphur deposits of
volcanic or sedimentary origin that contain quantities of the associated
inert minerals and. these materials are ideally suited for use in the

surface bond construction technique. The presence of these inert min-

erals in the native sulphur deposits disqualifies them for the world sulphur market,
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which adds justification for their use locally. The fewer small pro-
tuberances there are on the surface of a sulphur base coating the more
difficult it becomes to ignite the coating. Such protuberances may be
reduced by improving the skill and method of application. Using less
sulphur coating by painting the joints or using thinner coatings will
also greatly les‘se:n the problem. TFinally, a finish coating of some low
cost inorganic material such as white wash (quick lime and water) will
further retard the sulphur coatings tendency to burn.

In an effort to simulate the fire hazards of the sulphur surface
bond technique in a real life situation and compare it to other materials
a series of experiments were devised, One major source of fire in
dwellings occurs in cooking, when grease or cooking o0il is inadvertently
overheated and ignited, Therefore, as a fire source a cast iron skillet
with 100 grams of coocking oil was placed on a hot plate and intentionally
overheated until igzﬁtion occurred. When placed directly against a
4 ft, (122 cm) x 4 ft. (122 ¢cm) wallette made from 1/4 in. (0,62 cm)
thick plywood, ignition of the plywood occurred one minute after ignition
of the cooking oil. Ten‘minutes after ignition of the cooking oil the
plywood wall had been consumed from the bottom to the top and there
was nothing left to test, The ceiling and side walls would have been
consumed had they not been made of cement asbestos board due to the

heat intensity of the burning wall.
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SURFACE BONDING PROJECT
FROM THE POINT OF VIEW OF AID MISSION
IN COLOMBIA

Alfonso Corredor, Asesor, Desarrollo de Proyectos, AID, Bogota

The present project under direct financial assistance of AID/
Washington, was very well received by both the private and the
public sectors in Colombia. However, such a project, at an
experimental level, has not as yet determined the doubés that
might arise if techniques were to be applied on a large scale.

ﬁe would therefore like to ennumerate in this report the
different variables that should be considered before implementing
the technique on a national level. It would be wise perhaps to
individually outline the points of view of both thepublic and the
private sectors, inasmuch as a few variables are only relevant

to one of them.

Point of View of the Private Sector

As we are all aware, the financial aspect is the only incentive
that would encourage the private sector to change its construction
techhiques. In other words, if results from the preliminary stage
of a project such as the one presented in this Conference, will
show that considerable savings in costs are obtained, perhaps the

constructor might take the risks that a change of technique in-

volves.
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The first phase of the project consisted in the construction of
four houses in Colombia. As a result, it was found that savings
in costs were obtained from the houses constructed in Cartagena,
while a small increase in costs was observed in those constructed

in Bogota,

The most important cost reduction in Cartagena was through savings
obtained in the construction of the beam. Under the conventional
?echnique the construction of the beam was necessary, operation
that required considerable time and high costs. Under the new
proposed technique, the beam can be constructed with the same
blocks used on the walls, but coated with sulphur. There is no
reduction in strength and therefore the technique is acceptable.
However, we undertand that there are similar construction in
Colombia in which the beam has not been considered essential, this
without representing exaggerated risks for the constructor respon-
sible. If this is the case, savings obtained in Cartagena are not
worthwhile, We believe that this aspect should be studied care-
fully by the constructor who might at any time be interested in

using this technigue.

However, it should be clearly emphasized that estimate costs pre-
sented herein are only valid for Colombia. 1In some other countries
where costs of conventional constructions are.rathex high, the

surface bonding technigque results in larger sévings.
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Coutries where cement industry is very poor, or lacking complete-
ly, and are incurring in large investments Lo acguire the cemont,
should contemplate the possibility of a change in technology such.
as to that which is presented in this conference. Moreover, if
a country under a similar situation as mentioned above, supplies
the necessary sulphur, the perspective should appear highly af;

tractive.

At the present time, in our discussion implicit has remained the
fact that the technique as such has been comple?ely considered
satisfactory., Tests made in Bogota and Cartagena are a clear
evidence. Although a few persons seem to be concerned about
aspects such as flammability of the sulphur coat, conduit instal-
lations and other similar problems, it séems to us that these can
be easily solved and that they do not involve major risks as
compared with problems arisen in the conventional construction.
Therefore, we would like to assume that the sulphur surface bonding
technique with minor modifications and improvements would possibly

be suitable for the construction of residential units.

Point of View of the Public Sector

Independently of the costs that the new technigque may involve for
the private sector, the government should carefully analyze the
effects on the economy as a whole. Aspects such as availability

of sulphur, dicyclopentadiene, glass fibers and propane, must be

evaluated not only from the standpoint of costs to the constructor



but specifically its advantages for the country.

As previously mentioned, for countries using at present other
construction techniques.and for which foreign holdings are being
spent for acquisition of the necessary materials, the problem

is rather simple. It only requires to compare import- costs of

the new materials with the former and find out whether this
represents any savings. Furthermore, if some of the new materials
are locally available the technique would become even more

attractive.

On the other hand, if common construction techniques are not
requiring the use of foreign holdings, but the use of new materials
does, attention should be given upon comparing the opportune cost

of the holdings {generally much higher than the current exchange

in the developing countries) with the savings that the new technigue

-might produce,

It should be also mentioned that the use of sulphur surface
bonding in the developing countries will require imports of at
least one of the materials. This is the dicyclopentadiene, a
proceedings from‘oil thch very few producers are obtaining
throughout the world. Nevertheless, the amount of this product
used is rather small; therefore no large amount of holdings is

reguired.
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Thus, it is evident that for countries having large amounts

of sulphur available or those who have relatively poor cons-
truction industry, techniques presented herein,as an alterna-
five,must be carefully analyzed in order to determine its
feasibility. An important aspect to be considered is the facdt
that this technique does not require the development of highly
expensive and complicated factories such as those for cemenf
production. In this technique the production is done at the
constructioﬁ site; of course all scale economies are lost but
facing the lack of resources this might become a short term

solution.
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SULPHUR SURFACE BONDING OF MUD BLOCKS IN AFRICA

The surface bond technique for wall construction consists of
stacking concrete blocks, or other building modules, into a wall without
mortar being placed between the blocks. A bonding material is then
applied to both surfaces of the wall to form a structural membrane
against the blocks which waterproofs the wall and binds it into an
integral unit.

Until now this system has been limited principally to concrete
block with either cement base or sulphur base coatings. The first phase
of this program was to demonstrate this system in Colombia, South America,
where four experimental houses were constructed using concrete block.
Three houses employed the sulphur coatings and one a cement coating.
This work is covered in the paper entitled "Technical Aspects of Surface
Bonding" appearing in this same report. As a follow-on to that first
phase, 40 additional houses have been constructed in order to get more
detailed social and economic data.

The second phase of the program has been concerned with the con-
struction of eight experimental houses in two African countries - Tanzania
and Botswana. From the Colombian experience, it was determined that
ma;erials savings of 15-20% could, under the right circumstances, be
realized by using the surface bond technique.

When analyzing the materials cost for a wall, however, the single
most expensive cost is that of the concrete block. It was decided that
in order to substantially reduce these costs, the secend phase would be
directed primarily to coating mud block structures. Burlap or hessian
as it is called in Africa, was readily available in both countries.

Botswana was selected as one country because of the potential availability
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of sulphur as a byproduct from the mining industry in Selebi-Pikwe.
Although Tanzania has no known sulphur deposits, other than on Kilimanjare,
Tanzania does import rather large quantities for its fertilizer industry.

Although the techniques were quite similar in Tanzania and Botswana,
there was enough difference in the structures that each country will be
discussed separately, after a brief description of the experimental work
conducted at SwRI with coating mud biock.

Experimenting With Coating Mud Block

Experiments with trying to coat mud blocks in the 1960‘5Ac0nvinéed
us that some type of mechanical bonding of the sulphur coating was re-
quired. If the sulphur coating were applied directly to the mud block,
good bonding results at the block surface. With time, however, the
block itself fails in cohesion and the coating sloughs away from the
block. When examining the block side of the coating, one can see that
the surface ¢f the block is well imbedded in the sulphur coating. This
problem is no different than that encountered when cement plasters are
applied to mud walls without lath first applied. Tﬁe cement coating
falls away in the same manner.

Because of the availability of hessian, the most obvious solution
was to simply fasten the hessian by nailing to an existing wall. In new
construction, mechanical fasteners such as wire or twigs could be set in
the mud mortar where the hessian could later be fastened. An alternate
to this, could be the draping of the hessian over a pre-determined height
of blocks. Another stack of blocks could be placed atop this, covered,
and so on until the full wall height was reached. Grass, straw, or
bamboo mat could also be substituted for the hessian.

Other possibilities for fastening the coating to the blocks or walls
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included letting straw stubble protrude on the surface of the block to be
coated; inserting grass in the mortar joint and let it hang down past the
block so it would act as a mat of sorts; constructing the mud blocks in

such a way that 1lips or cavities in the blocks would hold the coating in
certain areas and the remaining coating would bridge the other areas of

the block; fabricating the blocks with sections of mat material imbedded in
the surface; impregnating the mud block with sulphur to improve the strength
so that the sulphur coating would have better adherence to the block; dipping
part of the block in the coating mixture covering the face and part of the
sides, giving a large adhesive surface on the block. When mud mortar was
then placed between these blocks, the joints would simply be painted and
the coating would bridge from block-to-block.

Unfortunately most of fhese proposed systems require a fiber for
reinforcement in the coating. Glass fibers and asbestos have performed
very satisfactorily in the past, whereas organic fibers such as cotton,
jute, and excelsior have not. Experiments were selected that included
cutting up the hessian mat into fibers and incorporating these into the
sulphur formulation. There was essentially no reinforcement from these
fibers and the coating cracked badly and fell away from the block. Other
types of fibers, or perhaps better plasticizers for the sulphur in the
future, may help but this route was abandoned for the present. Impregnation
of the mud block with sulphur improved the strength but the practical
consideration of doing this in the field in small equipment, eliminated
this except perhaps for the few blocks that might be required as lintels.
in the houses. Suitable grasses were not available to try the concept of
imbedding them in the mud mortar. The concept of imbedding hessian in the
block surface during fabrication was tried but ultimately the hessian

pulled away from the block.
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The most promising systems that evolved included the fastening of
the hessian to the existing wall, or incorporating the hessian in the
wall during construction. In Figure 1, the hssian is being stretched
and nailed into place, and then being painted with the sulphur formulation
as in Figure 2. The advantage of this system is that existing structures
can be easily coated in this manner. The principal disadvantages are
that should the nails loosen and pull away, the entire coating could be
in danger of falling away. If caught in time, new nails can be driven
into the coating without damaging it. The second disadvantage is that
during construction, the blocks are not protected from the rain. The
second system eliminates or reduces these problems.

In the second system mud blocks are stacked to a convenient, pre-
determined height. The hessian is draped over the wall, covering both sides.
It is then stretched tightly, and painted with the formulation as shown in
Figures 3 and 4. The completed wallette in Figure 5 was constructed without
mechanical fasteners or nails. Half of it was painted with a white water
base latex paint. When painted, it can easily be mistaken for a cement
plastered wall. These walls were subjected to approximately 20 inches (50 cm)
of rainfall without the least bit of damage. Being confident of the performance
of these two systems, preparations were made to use them in Dar Es Salaam,
Tanzania, and Selebi-Pikwe, Botswana. To date these wallettes have been
subjécted to 60 inches (150 cm) of rainfall and are as sound as when first
built. By comparison, an uncoated control mud block wall has toppled after
being exposed to the same conditions.

Construction in Tanzania

The first structure that was built in Dar Es Salaam employed both
concrete block and fired clay tile to simply demonstrate the surface

bond technique. Construction was identical to that used in Colombia,
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including .the use of wooden wedges to level the blocks. Figure 6 shows
the partially completed structure that will be used as a brooder house
at Tacona.

The remaining three structures were constructed in Kinorndoni Estates,
an older subdivision dating back to approximately 1967, One house was
constructed by incorporating the hessian into the wall as shown in Figures
7 and 8. The mud blocks used were purchased by the National Housing
Corporation from their brick plant south of Dar Es Salaam. The quality
was extremely good since they were one step away from being fired bricks.
The partially completed structure is shown in Figure 9.

The only disadvantage associated with these particular blocks was
their size. They were 10 cm x 15 cm x 23 c¢m and as a result of the small
size, required not only a large number of blocks, but also a great deal
of labor to set them in place. One block four times as large would have
required only 1/4 as much labor to set into place.

The second house was also fabricated using these blocks, but walls
were erected to the full height before the hessian was applied to the
wall and painted.

The third house was of wattle construction as shown in Figure 10 in
the early stages. Wattle construction is typical of many of the houses
near Kinondoni Estates, and has the advantage that mud blocks do not have
to be made and cured, as the mud is simply applied against the wood
reinforcement. After the house was completed, the hessian was stretched
into place and painted with the sulphur formulation. Figure 11 shows the
wattle house with the mud in place and covered with hessian before being

painted with the sulphur formulatiom.



Construction in Botswana

Four houses were also built in Selebi-Pikwe, Botswana. The first
was a rectangular house of approximtely 20 square meters in floor area.
Concrete block was used for demonstration purposes, but mud was used as
a mortar joint. This éechnique worked much better than the wooden wedges
for keeping the walls plumb and straight. Mud was also used to fill in
around the door jams and window casements after these had been set by
pouring the molten sulphur mix between the metal jams and concrete block,
Figure 12 shows the first structure with the block set in mud mortar and
partially coated with the sulphur coating. Figure 13 shows the structure
complete with the roof. The wire tie-towns for the rafters were set in
the concrete block; with the sulphur formulation as shown in Figure 14.

The second house was L-shaped of approximately 30 square meters
in floor area. For thisstructure mud blocks approximately 15 cm X 28-cm
X 40 cm were prepared by hand using the soil at the site. The hessian
available in Botswana came in a 2 meter width. Rather than cut it to 1
meter width, the mud blocks were stacked to a height of approximately
70 cm and the hessian was draped over the wall as in Figure 15. The
hessian was stretched and nailed into place and then painted with the
sulphur mixture (Figure 16). The process was repeated until the full
height of the walls was reached. With the large size blocks, the con-
struction time was better than with the smaller blocks used in Tanzania,
since one block was equivalent in surface area to four of the smaller
blocks.

The only concrete blocks in the mud block houses were used as
lintels over the doors and windows. Three 15 com x 23 cm x 40 cm blocks

were butted end-to-end and the joints were painted with the sulphur
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formulation containing asbestos fibers. Within 5 to 10 minutes these
lintels can be set into position and loaded with the additional blocks
to complete the wall as shown in Figure 17,

The third house was a square structure of 40 square meter area. The
fourth house was a 4 meter diameter roundavle which used rocks, bonded
together with the sulphur formulation.

During construction in Selebi-Pikwe, the advantage of incorporating
the hessian in the wall and protecting the wall as it was being built was
well demonstrated. Heavy rains fell when the house was approximatey half
completed. Those blocks that had been protected by the hessian-sulphur
coating suffered absolutely no damage, whereas those blocks that had been
set in the wall but not covered, were ruined completely by the rain and
had to be replaced before continuing with the construction.

In all previous demonstrations, propane or butane gas had been used
for melting the sulphur. In Selebi-Pikwe it was decided that wood would
be used as the heat source. The wood fire worked extremely well and
temperature control was as good as with the gas burners. Figure 18 shows
the melter barrel surrounded by concrete blocks that acted as an insulation.
Any fuel source can be used including coal, straw stubble, rice hulls, etc.

From the experience. gained from the African phase of the program
theré have been a number of interesting observations. The workers' enthu--
siasm for the surface bond technique is good, particularly when used in
combination with the mud block. The potential savings can be substantial
when mud block is used in place of the concrete block. Based on a 20
square meter house in Selebi-Pikwe, the walls for a mud block house,

painted on the exterior surface with the sulphur coated hessian, cost only



20% of the cost for walls of concrete block. This assumes that the mud
block is made at the job site by the workers. This leads to the following
conclusions. In essence there are two approaches to low cost housing
employing the surface bond technique. The first approach is that of a
government agency involved in the construction of low cost housing. Under
the current system of constructing housing with their own crews or using
contractors to build the houses, their preference would be to use the
concrete or clay tile bﬁilding unit that would be purchased. If mud blocks
had to be purchased, a number of disadvantages occur. The availability of
high quality mud block would necessarily be limited in the more populated
areas. The costs for such block would probably approach that of concrete
block. On the other hand, where the government is involved in self-help
programs where an individual is responsible for his own construction and
the government simplf furnishes a minimal loan, the mud block approach
would be ideal. In the long-term it is visualized that the latter system
will be relied upon more and more, simply because of rapidly escalating
materials costs, principally for steel and cement-both of which are highly
energy dependént. For those countries with low cost supplies of sulphur
or access to low cost sulphur, the surface bond technique should hold

considerable potential.






























































































