Fig. 3: Interior of JBI “Red Mud Demonstration Building” (Sports Pavilion)

Construction of the demonstration
building of red mud cement bricks
at the JBI

In 1992, when the JBI took the decision
to construct the demonstration building
for use as its sports pavilion, it was in-
tended to use all the products of the pro-
ject for its construction (Fig. 2). Unfortu-
nately, only the silicate bonded red mud
bricks were eventually used since routine
tests conducted on bricks and blocks pro-
duced from the cement revealed a num-
ber of technical faults which were high-
lighted by (1) loss of strength with time
and (2) mediocre weathering characteris-
tics.

By the time the final report of the project
was written in the latter months of 1995,
all the external walls of the building were
completed, in addition to the roof and
other aspects. At present, the building is
still unfinished due to shortage of funds
but tests on the building envelope are on-
going.

The silicate bonded bricks used in the con-
struction were fabricated as 20cm x 10m x
6cem (8" x 4" x 2 1/2") units, which means
that the thickness was reduced from the
usual 10cm for which the mould was de-

signed and also departs from the size of
the bricks made in the BRI project. This
size, however, represents the standard size
for bricks produced in Jamaica and many
other countries, principally by the extru-
sion of clay. This size was achieved by in-
serting a spacer (timber) of desired thick-
ness into the mould just before it is filled
with material for pressing (Fig. 3).

The building, which was only recently
completed, is very attractive and the par-
ticular hue assumed by the silicate bond-
ed bricks is a large contributor (Fig. 4).
Close inspection of the walls that have
been in place for the past five years, re-
veal a number of minor faults due to
weathering. These include the formation
of white coloured carbonate material at
some of the brick/mortar
Generally, however, the faults are consid-
ered minor and should be surmounted by
simply fine-tuning the material formula-
tion and the production process.

interfaces.

As far as the red mud cement is con-
cerned, a relatively short-term project to
address the problems identified has been
designed, and now awaits funding for its
execution. Despite the problems, how-
ever, the cement is thought to be of im-
mense potential, particularly since:

» [t is versatile, being adaptable to the
production of either bricks or blocks:

« It is composed of four different industri-
al by-products namely, red mud from
bauxite processing; gypsum fines (tail-
ings) from the gypsum mines; carbide
lime, a by-product from the production
of industrial gases; and bagasse-ash, a
by-product from the sugar processing
industry;
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It hardens readily and acts like other
known pozzolanic cements for a long
time, before it loses strength. This par-
ticular problem was also identified with
Japanese red mud cement and the Japa-
nese researchers are also optimistic that
it can be corrected without significantly
affecting the cost of producing the ce-
ment.

Study of the compatibility of rein-
forcing steel bars with red mud ce-
ment

The possibility of using red mud poz-
zolanic cement to fabricate standard size
hollow building blocks to compete with
concrete blocks necessitated that this in-
vestigation was done. This is primarily



because considerable amounts of rein-
forcing steel is used in normal building
construction as required by the authorities
since the country lies in a relatively active
seismic belt.

It was done on the basis that corrosion of
reinforcement steel is normally influ-
enced by:

« Initial pH of the material while it sets;

* The porosity of the cement once it sets;

* External attacks of chlorides and sul-
phur ions through the pores;

* Intrusions of water of low pH.

The necessary experiments, which in-
volved the measurement of several para-
meters, were designed and carried out.
Subsequently, the results were compared
with known results for Portland cement.

It was eventually concluded that when a
steel bar is embedded in red mud cement,
its surface corrodes at a very slow rate
due to the high pH of the fresh cement.
Early reaction results in the formation of
a corrosion layer of Iron Oxide (Fe:0s).
This layer becomes permanent and very
little corrosion continues after the cement
sets (three to four weeks) at which time
the pH is significantly reduced to a near
neutral position. The basic inference is
that generally the corrosion of reinforcing
steel in red mud is considered similar to
that in Portland cement, which means that
it is fairly benign.

Radiological properties of Jamai-
can red mud building materials

The study of radioactivity in red mud
buildings in Jamaica, has been carried out
largely by Dr. Willard Pinnock, a lecturer
at the University of the West Indies (UWT).
Like this writer, Dr. Pinnock has been in-
volved with all of the red mud projects pur-
sued by academic and public sector agen-
cies in Jamaica over the past fifteen years.

The study, which started as an indepen-
dent exercise was incorporated into the
IJBI/IDRC project at what was considered
an appropriate time. It undertook to esti-
mate the levels of radiation (as doses) that
an occupier of a room made of red mud
building materials would be exposed to
over specific periods of time.

It was designed with the understanding
that bauxite is known to have small
amounts of the following radionuclides:

2 ZiHU : 232Th - -mK ;

Significantly also, it has been well known
that red mud contains about twice the
amount of these sources of ionic radiation
as it was before in the form of bauxite.

The red mud demonstration building as-
sociated with the earlier BRI project be-
came the subject of most of the experi-
ments carried out, and since the bricks
used to construct this building consisted
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of only 50% red mud, plus sand and ce-
ment, the results obtained were extrapo-
lated to reflect the expectations for a
building with walls of nearly 100% red
mud, such as the JBI building.

After it was agreed that the level of “K
radiation associated with red mud was
proven in many previous studies to be
similar to that of river sand and gravel
and therefore generally acceptable, the
study became concerned primarily with:

* Direct gamma radiation through the
body and

* Inhalation of the decay products of the
inert gas, radon, which would be present
in the air within such a house.

Doses due to gamma radiation were mea-
sured by thermo-luminescent detectors
while radon levels were measured using
strips of CR39 plastics as track etch de-
tectors that register counts produced by
radon and its daughters. In order to use a
reliable model to predict the radon related
dose levels, it was necessary to measure
other parameters on which radon dose
levels depend. These include:

* U and **Th activity concentrations in
the walls:

= Air turnover rates and

* Radon levels outdoor.

All tests were carried out in worst case
situations in which a person could con-
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Fig. 4: Close-up of brick masonry of JBI Sports Pavilion




Type of House Gamma Radon Total
Component Component

BRI Red Mud Building 0.80 0.64 1.44

Hypothetical Building

with walls of:

100% Red Mud 1.25 0.82 2.07

Typical Concrete Building 0.51 0.35 0.86

Table 3: Dose equivalents for houses made of different materials (msv/y)

ceivably live in a house. This included,
for example, the closure of doors and
windows of the red mud building save for
the top segment of the metal louvre win-
dows, which were only partly opened, for
several weeks.

Table 3 indicates the estimated dose
equivalents, based on the experiments
carried out, of houses made of two differ-
ent types of red mud based materials, and
the other from concrete.

From Table 3, the total value of .86
msv/y (millisievert per year) estimated
for a house of concrete is taken as back-
ground dose level since concrete is the
most acceptable building material inter-
nationally, and in addition, it is the most
used building material in Jamaica. From
the other results, the BRI house made of
bricks of 50% red mud, has an estimated
dose level of 1.44msv/y which is 0.58
msv/y above background, and the JBI
house has an estimated dose level of 1.21
above background, in worst case scenar-
105,

On the basis of these results, it is believed
that building construction with either ma-
terial would be acceptable in Jamaica.
However, a direct recommendation would
not be made immediately to the Jamaican
authorities, not the least of which is the
Bureau of Standards, since there is every
justification for additional investigation
to be done in the two available red mud
buildings, and also for the other situa-
tions/conditions to be simulated and eval-
uated.

Conclusions

Silicate bonded red mud bricks

The development of a process to produce
silicate bonded red mud bricks was suc-
cessful. It was demonstrated that careful-

ly selected sodium silicate solution sig-
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nificantly increased the compressive
strengths and afforded good overall ap-
pearance and stability to bricks made of
100% Jamaican red mud. The cost of the
silicate solution became a problem in Ja-
maica because it is not produced in the
country and its importation in an econo-
mic environment in which a high percen-
tage of imports are restricted by punitive
tariffs, makes it uncompetitive with con-
ventionally used concrete products. It is,
however, possible that if the desired sili-
cate is produced in Jamaica, given the
abundance of one of the two main ingre-
dients, silica sand, that the cost of silicate
per brick can be significantly reduced,
which would make it competitive.

Outside of Jamaica, this technology could
provide a good opportunity for countries
that are able to either produce or import
the silicate cheaply, to effectively use
their stockpiles of red mud.

Red mud pozzolanic cement

This pozzolanic cement is more versatile
than other red mud building material for-
mulations, being able to produce both
bricks and hollow blocks. It is notable
that most new construction projects in-
volve the use of hollow blocks primarily
because it enables easy inclusion of rein-
forcing steel.

The problem of reduced strength with
time is believed to be only superficial and
consequently a short-term project has
been designed to correct it. This new di-
mension will only be implemented when
the requisite funds are identified.

Rational Research and Development
work in red mud building materials inter-
nationally, may very well concentrate on
fine-tuning this technology. The type of
cement produced may vary from country
to country since it will be dependent on
the nature and quantity of residual alumi-
na contained in the respective muds.
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What is basin?

The building advisory service and informa-
tion network (basin) - of which GATE/
GTZ is one of the founding members - was set
up in 1988 to provide information and advice
on appropriate building technology and to cre-
ate links with know-how resources in the world
for all those in need of relevant information.

basin attaches importance to giving individ-
ual specialised support to its clients whilst bal-
ancing this with the comprehensive view that
comes from the long and diverse experience of
its partner organisations.

basin porvides a comprehensive range of
expertise, experience, knowledge and skills for
the support of new initiatives in the low-cost
building sector.

basin is a service available to all institutions
and individuals concerned with housing, build-
ing and planning in developing countries, but
can only function efficiently, if there is a regular
feed-back. Any publications, information, per-
sonal experiences, etc. that can be made avail-
able to basin are always welcome and will help
basin to help others.

For more information on basin contact
GATE/GTZ or »http:/iwww.gtz.de/basin«.
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