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INTRODUGTION

In this review of the activities of the CSIR for 1968, the
emphasis again falls on research in the national interest. This
has included the investigation of various problems affecting the
State as a whole, industry and the community in general, such
as the environmental factors of air and water pollution, public
health, nutrition, housing, etc., as well as the utilization of man-
power.

One of the most noteworthy aspects of research on environ-
mental factors has been the progress made with the purification
of sewage to supplement water supplies, as evidenced by the
successful water reclamation project at Windhoek.

More than one institute of the CSIR is actively engaged
in work to control marine and coastal pollution, a problem
which is becoming ever more acute. The commissioning in 1968
of its own research vessel, the “Meiring Naudé” has provided
the CSIR with an essential facility for this work and for oceano-
graphic research generally.

Work is also continuing on problems of air pollution. The
degree of air pollution is being measured in various centres,
while steps are being taken to control air pollution at its source.

The results of years of research on the planning of housing
for the aged were made available during the year in the form
of a comprehensive guide. This work has followed the research
into low-cost housing and school and hospital design, in which
the CSIR has made important contributions.

In the field of public health and nutrition, the CSIR’s research
on nufritional deficiency diseases, such as kwashiorkor, is well
known. Attention is also being given to the increasing incidence
of cardio-vascular diseases and a significant development of the
past year has been the acquisition of additional facilities for
research into its possible relation to diet. With a generous grant
from a large South African insurance company, a centre for
primates to be used as experimental animals, has been estab-
lished at the National Nutrition Research Institute. This centre
was officially opened by the Minister of Health in August 1968.

One of the highlights of 1968 was the establishment of a
National Training Centre for Scientific Instrument Makers at
the CSIR. The official opening of this Centre by the Minister
of Planning coincided with a visit to the CSIR by leading indus-
trialists. With the establishment of this Centre the training of




highly skilled scientific instrument makers, started by the CSIR
as far back as 1950 to meet its own needs, has been placed on a
national basis. As the CSIR itself will absorb only some 20
per cent of the trained technicians, the rest will become available
to industry and other research organizations. The CSIR is also
concerned with the training of electronics technicians and textile
technologists in collaboration with the appropriate educational
authorities, while it has compiled programmed courses of instruc-
tion in mathematics for the National Technical Examinations.

Although every endeavour is made to recruit and train
suitable technical staff locally, the CSIR (like many other
organizations) is still forced to seek staff overseas to meet its
urgent manpower requirements. An important development has
been the placing of a qualified testing officer in the office of
the South African Scientific Counsellor in Cologne, for the pur-
pose of applying the full testing procedure of the CSIR to
candidates recruited in Europe.

The overseas offices continue to provide a valuable service,
not only to the CSIR but also to the other South African research
organizations and the universities. Besides interviewing technical
personnel interested in employment in South Africa, these offices
play an important part in acquiring scientific and technical
information through personal contact. The fourth of these offices,
located in Paris, was opened at the beginning of the year and
is now fully operational.

The CSIR, fully aware of the value of direct contact for
keeping informed on local requirements, has made provision for
regional representation in various centres in the Republic and
in South West Africa by establishing regional research commit-
tees and regional offices and laboratories. During 1968 a regional
office for the Cape Midlands was opened in Port Elizabeth,
while a regional office for the National Building Research
Institute was established in Durban in addition to the CSIR
Natal Regional Office which has been operating there for some
years.

Knowledge of the requirements and pattern of research on
a national basis is essential to the planning authorities. In order
to provide the necessary data for this purpose, the CSIR has
for some years been carrying out surveys to identify the research
needs of specific sectors of the national economy and to deter-
mine the extent of research expenditure in both the public and
private sectors. During the year, analysis of the data obtained
from the survey of research expenditure was completed, and
this will provide the first complete information on expenditure
on research and development for South Africa as a whole.

The material in this report is arranged according to the
various institutes, laboratories or other organizational units of
the CSIR. The activities on behalf of specific economic sectors
(and in other fields of application) can be traced by consulting
the subject index at the back of the report.



N South Africa about R900 million is spent

annually on building and construction (ex-
cluding roads), and the chief objectives of the
National Building Research Institute (NBRI)
are to serve the industry and the professions
behind this multi-million-rand investment. The
NBRI is in essence a practical, applied-research
organization, maintaining close contact with. the
building and construction industries and with
related professions and organizations. Its re-
search is directed towards improving building
design and services, structural and foundation
engineering, lighting, ventilation and heating
and cooling in buildings. Another aspect of the
work is aimed at improving the performance
of building materials such as concrete, stone,
paint and plastics, and at research which will
bring about a better understanding of the effects
of climate and weather on both building materials
and the environment within a building. Special
service is rendered to the community by research
on the planning of schools, hospitals and housing
for all population groups. Investigations are
also carried out in the broad fields of manage-
ment, organization and industrialization in the
building industry. The NBRI earns between a
quarter and a third of its income by under-
taking contract work for spomsors. Research
findings are actively applied by means of publi-
cations, lectures and central and regional infor-
mation activities.

The links between the NBRI and the building
industry and professions were further strength-
ened during the year. A few of the noteworthy
events and developments will be mentioned here
to highlight the value and importance of this
policy.

Financial sponsorship by the private sector
for both research and related activities has in-
creased considerably. Substantial grants-in-aid
have been made by both private and public
bodies towards research in the fields of build-
ing ceramics, housing and building statistics,
documentation, sewers, planning requirements
for audio-visual aids in educational institutions,
and also towards the costs of running the
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Institute’s three Regional Offices at Cape Town,
Durban and Windhoek. Special mention must
be made of the generous financial support given
by the National Development Fund for the
Building Industry, inaugurated by the Building
Industries Federation (SA).

A most important event during the year was
the establishment by the Government of the
Building and Construction Advisory Council,
which falls under the Minister of Public Works
and to which the Director of the NBRI was
appointed as a member of the Council and of
its Executive Committee. This event brought
to fruition the work by the Institute's Building
Research Advisory Committee in pursuing ways
and means of implementing the resolution, made
by the Building Research Congress in 1964, that
such a council be established. This Council is
already giving energetic attention to several
matters of far-reaching importance to building
and construction throughout the country, and
the Institute is providing what assistance it
can to help the Council in its work. Thus, for
instance, the Institute is closely associated with
the work of the Council’'s sub-committees which
are dealing with metrication, modular co-ordina-
tion, and the organization of a formal procedure
for the evaluation of new forms of construction.
The last project arose as a result of the pro-
posals made in 1967 by the Institute’s Building
Research Advisory Committee for the establish-
ment of such an evaluation procedure on a
nationally recognized basis — proposals that
were passed through the CSIR to the Govern-
ment.

A successful symposium on plastic flooring,
which was arranged in collaboration with the
Cape Town Master Builders’ Association and
the Cape Provincial Institute of Architects, was
held in Cape Town. The NBRI conference on
aspects of research, materials and management,
which was held during the 1968 South African
Building Exhibition in Johannesburg, was also
very well attended. In addition, the Institute's
staff participated in 18 other South African
conferences and symposia and presenfed over
twenty papers at these meetings, Members of
staff also gave formal lectures and addresses
at many meetings at the reguest of various
organizations.

Preparations for the Second South African
Building Research Congress to be held in
Johannesburg from &th to 8th May, 1969, are
well in hand. It is being organized by the
Institute, with guidance from a sub-committee
of the Building Research Advisory Committee.

A handbook on South African natural building
stone was published in March 1868 in both
official languages. This is a publication which
has evoked high praise from many sources; it
was prepared and published in collaboration
with the National Development Fund for the
Building Industry and the Stone Mason’s and

Quarry Owners’ Association. A Special Award
of Merit was presented to the NBRI by the
Fund in recognition of the Institute’s contri-
bution to this work.

Work was carried out on just under 150
contraet investigations, which is about 20 more
than for the previous year; most of these were
requested by the private sector.

Because of the very successful work carried
out through the NWBRI Regional Offices in Cape
Town and Windhoek, and to meet the growing
demand from many persons and organizations
for similar services in Natal, a third Regional
Office was opened in Durban in August, 1968,
A regional sub-committee of the Building
Research Advisory Committee was formed to
guide the work and to advise on problems of
loeal importance which require research. This
committes meets every quarter in Durban.

Although a considerable amount of staff time
is taken up by activities in connection with
committee meetings, such activities are never-
theless very important for the purpose of keep-
ing close contact with the professions and
industry, of disseminating information and pro-
viding assistance, During the past year staff
participated in the work of nearly 100 com-
mittees which serve the interests of different
facets of the building and construction industry.

Following on the success of the Institute’s
first educational film, three others on sewer
corrosion, heaving soils, and solar radiation in
relation to building design were completed
during the year. A heavy demand for the
loan of copies of these films has been received
from all parts of the country.

Because of the growth in the number of staff
of the Materials Division and in the variety of
its work over the past five years, it has become
necessary to split that division into two — an
Inorganic Materials Division and an Organic
Materials Division. Also, because of the grow-
ing importance of and demand for work in the
fields of huilding statistics, economics, manage-
ment, organization and industrialization, it was
decided to remove these activities from the
Building Research Application Division and to
form a new division called the Methods and
Applied Economics Division to handle them,

Communications in the building industry
Considerable attention has been paid in recent
years to the flow of information during the
building process. In a building project there
is a continuous two-way flow of data between
client, design team and builder and it is now
realized that greater efficiency in building is
in many ways dependent on how problems of
communication can be overcome.

In the case of builders, data from the design
team are usually conveyed through the medium
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of documents, ie. drawings, specifications and
bills of quantities. Numerous builders, however,
have complained that data essential for specific
operations on site are not always made avail-
able; in particular, it has been felt that the
bill of quantities could be made a much more
useful document in this respect. The NBRI
was asked to investigate this particular aspect
of communication, and a detailed report on the
feasibility of “annotated” bills of guantities as
a means of disseminating information was pre-
pared as a result.

Housing requirements

The building industry has for years been
experiencing a shortage of meaningful, reliable
and timely statistics. The lack of such statistics
will hamper the future development of the build-
ing industry and inhibit the process of planning
which is so important in all spheres of economic
endeavour.

There has recently been much speculation
concerning housing requirements in South Africa
which has unfortunately led to a considerable
amount of confusion. Because of this situation,
the building industry requested the NBRI to
analyse available data in order to obtain addi-
tional information on current and expected
housing requirements as far as the White
population group was concerned. The availability
of funds and the changing pattern of family
incomes were also taken into account.

The findings of this investigation have con-
firmed the need for suitable statistics in the
field of housing, and suggested improvements
have now been brought to the notice of the
appropriate authorities. In South Africa, in con-
trast with many other countries, the provision
of housing (Whites) is largely the responsibility
of the people themselves. It is therefore im-
portant to differentiate between the need for
housing, in terms of minimum acceptable stan-

dards, and the potential and active demand for
housing which is directly influenced by the cost
of building, land and money. A significant
factor in the future will be an increased demand
for independent dwelling units for the non-
family sector of the population.

Hospital planning

An investigation was carried out on behalf
of the Transvaal Provincial Administration to
determine the future provincial hospital building
requirements in the Pretoria metropolitan area
for the next 20 to 30 years. The present and pos-
sible future population distribution, as well as the
various categories of patients, doctors and
nurses were considered in terms of a geographi-
cal sub-division into “sectors of accessibility”.
The methodology of this investigation is appli-
cable to similar town-planning problems in other
cities.

Special schools

A study on the design of special school
buildings for handicapped children was also
completed. This deals with the problems encoun-
tered in the education of physically handicapped
children, those with cerebral palsy, the deaf, hard
of hearing, blind, partially sighted and mentally
retarded children. The resultant publication is
intended to furnish an insight into the nature
of these disabilities and their implications in
terms of the design requirements of special school
buildings.

Housing for aged people

A comprehensive guide to special housing for
aged people has been published. This represents
the summation of research carried out by the
NBRI over a period of eight years. The design
approach to special housing for aged people is
made in terms of three categories of accommo-
dation, related to the resident's physical abilities
and needs, in a housing group of limited size.
Accommodation requirements for the different

An example of the routine
series of photographs
taken at the sky vault to
record the nature and
extent of clouds

12 CSIR Annual Report 1968



categories are given in detail, and matters con-
cerned with the physical indoor environment,
engineering services and furniture are dealt
with.

Daylighting design and sun control

Much research has been done to provide
design principles and data for the natural light-
ing of buildings, but the fact that most of this
work relates to overcast sky conditions remains
a basic shortcoming for daylighting design in
sunny climates where overcast conditions are
fairly rare. Finding a more suitable basis for
design requires a systematic investigation of
the outdoor illumination conditions and sky
brightness distribution for a variety of sky con-
ditions, and such measurements are now being
made on a continuous basis at the NBRIL

Daylighting of buildings is always coupled
with the danger that the uncontrolled penetra-
tion of sunlight and solar heat can lead to
uncomfortable glare and thermal conditions
indoors. Although several aids are already avail-
able for the design and planning of buildings
for sun control, their application is often time-
consuming. It was consequently decided to pre-
pare and release the basic information necessary
for this in tabular form. With the aid of nomo-
grams, coupled to the tabulated data, the design
procedure is relatively simple.

Thermal behaviour of light-weight houses

At the request of the Department of Com-
munity Development comprehensive research is
being done in order to find methods to improve
the thermal conditions in light-weight indus-
trialized forms of house construction. Although
sufficient thermal insulation is essential, it is
on its own not enough to prevent big daily
variations in indoor temperatures. Heavy com-
ponents such as brick and concrete, for example,
are necessary for storing some heat.

Preliminary measurements taken in several
full-scale light-weight houses indicate that the
thermal behaviour of such houses can bhe im-
proved considerably by the application of one
or more of the following procedures:

@ using solid concrete floors with some sort
of tile finish instead of ventilated wooden
floors

@ ensuring that all the windows face north
or south

® using heavy-weight inside walls

@® using a heavy-weight exterior cladding such
as a 44in. brick veneer.
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Fire research

The behaviour in fire of the various com-
binations of materials and components met with
in non-traditional constructions is being investi-

gated. Valuable information on the likely
behaviour of building components in their
actual position in a house is being obtained
from these investigations.

Moisture movement under buildings

The behaviour of foundation soils under build-
ings is greatly influenced by the moisture
content of the soil. Some soils tend to lose
their strength rapidly with increase in moisture
content, while other soils swell and shrink with
changes in moisture content. The moisture con-
tent in the soil is influenced by a number of
factors such as climate, surface vegetation, sur-
face drainage, internal drainage or permea-
bility, depth to water-table, and the availability
of water from sources like water furrows or
leaking pipes. The activities of man in building
structures or roads alters conditions to a large
extent and thus the soil moisture content is
altered. It is therefore important to know how
the various factors influence the soil moisture
regime.

Initially the effects of various surface covers
and treatments were studied at a test site near
Onderstepoort, Pretoria. In order to study the
efects of different climatic conditions, the Repub-
lic and South West Africa have been divided
into 20 different climatic zones, in each of
which an experimental site will be instrumented
for studying moisture conditions. The instru-

mentation of experimental sites has been com-
pleted at Leeuhof, Vereeniging, in the highveld
zone, at Mariental in South West Africa in an
arid semi-desert zone, and at Magoebaskloof
in a high rainfall area.

Stresses in anchor piles

One of the most effective ways of countering
the effects of expansive soil is to carry the
building clear of the ground on anchor piles.
In this foundation system the piles are anchored
in stable soil below the layer which is expand-
ing and they have to be designed to withstand
the uplift forces which will be transferred to
them by the swelling soil. A theory for cal-
culating the uplift forces was developed in 1954
as a result of a study on the failure of an
anchor pile. While this approach has been used,
most practising engineers have felt that the
uplift forces were being exaggerated. Various
attempts to measure the actual stresses deve-
loped in an anchor pile failed because it was
not possible to find reliable instrumentation
which would remain serviceable after burial in
a pile for several years.

In 1964 a measuring core for inclusion in an
anchor pile was designed and built at the NBRIL
This core was designed to withstand the uplift
force on a 9in. diameter pile as calculated by
the existing theory. In 1966 the core was in-
stalled in an anchor pile at Vereeniging. Later
the soil around the pile was flooded to accelerate
swelling and the development of uplift forces
was recorded. The uplift force exceeded the
design force and the instrumentation failed at
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that stage. The experiment proved that the
uplift forces are indeed as large as those pre-
dicted and also proved that the measuring
system was reliable. Further tests can now be
conducted to investigate the effectiveness of
different treatments for reducing the magnitude
of the uplift forces.

In situ soil testing procedures

Possibly the greatest problem confronting the
designer of foundations or any other structure
affected by the strength of soil is the determina-
tion of that strength. One of the major difficul-
ties in laboratory determinations, however, lies
in obtaining truly undisturbed samples which
can be said to represent the state of the soil
in situ. Correlations of shear strengths deve-
loped during actual failures and shear strengths
measured in the laboratory have therefore been
unsatisfactory. This Institute has therefore
made considerable use of the in situ vane shear
apparatus for determining the in situ shear
strengths of a number of materials such as
rolled earth fill, hydraulically placed gold mine
slimes, hydraulically placed ash, dumped gypsum
waste and natural soils. These results are heing
compared with those obtained in laboratory
tests.

In order to meet the need for a simple,
effective and portable apparatus for determining
the bearing capacity of sandy soils, a light
penetrometer attachment for a cross-country
vehicle was also developed and built. This
apparatus was used to carry out a survey of
foundation econditions in the town of Walvis
Bay. Where the soil strength exceeded the
range of the apparatus, the conventional deep-
sounding apparatus was used. This latter appa-
ratus was also used to investigate the founda-
tions for a new radio tower at Pelican Point.

Another in sifu technnique is the use of deep
drilled-in loading plates for studying the settle-
ment of granular materials. Such tests were
used for the second time in South Africa at
the site of the new station for Durban.
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Brick veneer house construction

Brick veneer construction is comparatively
new to South Africa. The general principles
for building houses by this method were investi-
gated by studying literature on relevant aspects
of overseas construction methods, and observing
current local practice. This form of construction
is likely to play an increasingly important role in
the future, for it enjoys the accepted good
appearance and low maintenance qualities of
conventional brick buildings — and in these
respects it will have an advantage over other
forms of light-weight construction. A publica-
tion on brick veneer construction for South
African conditions has been produced.

Fired clay products in industrialized building

An investigation into fired clay products in
industrialized building is being sponsored by
the South African Brick Association. A study
was completed of overseas systems that included
a study tour in France under the auspices of
the French Association for Technical Co-opera-
tion, visits to various factories and building
sites in other European countries and attend-
ance at an international conference on masonry
structural systems in Texas. A development
programme for manufacturing full-scale brick
walls by mechanized methods has been started.

Plumbing research

In Great Britain, sanitary plumbing installa-
tions have been simplified and economies have
been effected by the use of the “single-stack”
system of plumbing. Benefits in terms of savings
of cost and, perhaps more important, of valu-
able duct space in multi-storey buildings, could
possibly be obtained by the use of this system
in South Africa. However, the system is not
permitted everywhere in South Africa and the
Institute has therefore investigated its suit-
ability for use in this country. To this end
studies of the frequency of use of various
sanitary appliances have been undertaken and,
with the support of the Department of Com-
munity Development, a trial installation was




constructed in a seventeen storey building erec-
ted by the Department. Information on the
practical performance of the system was also
obtained during an overseas study tour.

As a result of these investigations the Institute
is satisfied that this system could be used with
advantage in South Africa, and has suggested
to major local authorities that they should
consider amending their by-laws to permit the
“single-stack system”.

Ceramic products

Owing to their exceptional durability, ceramic
products are still finding many uses in the build-
ing industry. A considerable amount of research
has been done during the past few years on
the rapid firing of ceramic products, on the
development of glazes and of light-weight
czramic building units. Two methods have been
developed to colour bricks, viz. colouring by
means of heavy metal salt solutions and by
means of sinter engobes. These methods cught
to be especially valuable in those regions of
this country where the clays are not suitable
for the production of face bricks but where
the fired bricks otherwise comply with face
brick quality. Investigations have also been
carried out on approximately forty commer-
cially available raw materials of South African
origin including kaolin, bentonite, silica and
feldspars, which are used mainly in the building
industry but also in the glass industry. The
properties of each raw material have been set
out in individual data sheets which will serve
as reference works for use in the ceramie in-
dustry.

Cement and cemenf products

In the field of hydraulic cement, the mechan-
ism of attack on cements by sulphates such
as those found in sulphate-bearing soil and
water is being investigated, and a paper on
the work was delivered at an international
symposium on cement chemistry held in Japan.
Closely related to this research is that done
on sewer corrosion. These investigations have

yielded valuable information on the behaviour
of concrete pipes lined with synthetic resin and
other types of linings. Work is being continued
on the hydration of South African blast-furnace
slags which contain a high proportion of mag-
nesium oxide, and some of the hydration pro-
ducts have been identified.

Concrete

Curing conerete at high temperatures con-
tinues to be used increasingly as the tendency
towards prefabrication in the construction indus-
try becomes more widespread. This method of
curing increases the rate at which the conecrete
gains strength, so that pre-cast products can
be produced at an inereased rate.

Although the factors involved in high tem-
perature curing which influence the strength
of concrete are now well understood, the in-
fluence of the same factors on other properties
of concrete, such as permeability and impact
resistance, are not yet fully understood. An
investigation by the NBRI into the effects of
high temperature curing on impact resistance
was therefore carried out, and it has been shown
that impact resistance is not impaired by suit-
able forms of high temperature curing.

A section dealing with high temperature
curing has been contributed by the NBRI to
a new edition of Concrete Technology: A South
African Handbook by Dr F. S. Fulton.

Research has also been initiated to investigate
a variety of stones of different origins in order
to determine their suitability as conecrete aggre-
gate. A considerable amount of information
has already been gained in respect of the dimen-
sional stability and durability of concrete made
from such aggregate. This work is of particular
interest to regions such as Ovamboland, where
no recognized type of aggregate is found over
an extensive area.

Impact testing of a concrete cube
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Plastics and paints

The interrelated fields of plastics, elastomers
and paints, and their use in building, are be-
coming increasingly important since these mate-
rials often possess properties that make them
particularly suited to modern building tech-
niques. The ease with which plastic components
can be manufactured to high standards of finish,
their relatively light weight and freedom from
corrosion, recommend these materials for use
by the building industry. However, their
weathering characteristics and physical proper-
ties are not always adequate under South
African conditions.

Investigations have therefore been conducted
with a variety of organic flooring materials to
test their durability and resistance to different
kinds of traffie. Where failures have been re-
ported, the reasons for such failures have been
sought and remedial measures suggested if
possible.

Exposure tests on a large variety of plastic
and elastomeric roofing materials, waterproof-
ing sheets and plumbing items have been con-
tinued at exposure sites in Durban, Cape Town,
Windhoek, Walvis Bay, Johannesburg and
Pretoria. A sun-following exposure rack has
been constructed and is used for special exposure
tests, while the relative effects of different
directions of exposure are being examined by
means of pyramidal racks on which identical
samples are exposed to the north, east, south
and west.

In the field of paint and coatings, investiga-
tions include studies on anti-corrosion coatings
for metals, clear and pigmented coatings for
timber and also for cementitious substrates. A
major investigation that is approaching com-
pletion concerns coatings for the protection of
cold-rolled steel sheet against corrosion in
marine environments. A similar project on hot-
rolled structural steel is well under way and
should produce valuable information in the near
future. It has already been found that, for both
these base materials, the application of two or
more layers of epoxy tar coating over sand or
grit blasted steel provides effective protection
against corrosion.

On the basis of work done in the Institute
it is now possible to suggest, for most kinds
of timber, a painting system that will withstand
the ravages of the South African climate for
from 5 to 7 years. Investigation of the clear
coating of timber has, however, merely con-
firmed overseas experience that clear varnishes
do not last for more than two years in exposed
situations. Problems associated with the re-
coating of varnished timber make the use of
clear or lightly pigmented water repellent stains
more acceptable as an alternative to varnishes.

Determination of the degree of degradation
of the plastic or paint, identification of the
degradation products and elucidation of the
mechanism of degradation form an integral part
of all these investigations. Considerable atten-
tion is therefore being paid to the development
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of suitable analytical technigques. At present
infra-red spectrophotometry and gas chromato-
graphy constitute the major analytical tools,
and considerable success has been achieved in
the identification of such materials on the basis
of their infra-red absorption spectra.

International activities

Participation in the activities of a number
of working groups of the International Council
for Building Research, Studies and Documen-
tation (CIB) and the International Commission
on Illumination (CIE) that are concerned with
active research in specific fields has continued
and considerable benefit is being derived from
our participation. During the year the Institute
became a member of two more organizations
open to international membership — the Inter-
national Council for Advancement of Audic-
Visual Education and the American Society for
Testing Materials — while membership of 15
other such organizations has been maintained.

The Director of the Institute attended the
4th Triennial Congress of the CIB held in Ottawa
and Washington in October, 1968, and was elec-
ted a member of the CIB Executive for the
next three-year period. He has also been elected

to the Council of the International Confedera-
tion of Thermal Analysis for the period 1968-71.

Three others members of staff attended the
following meetings overseas as specially invited
guests: the 4th International Hospital Sym-
posium held in West Berlin; the Engineering
Research Conference on Expansive Soil held
at Beaver Dam, USA; and the symposium on
Urban Climates and Building Climatology,
organized by the World Meteorological Organi-
zation and the World Health Organization and
held in Brussels. Members of staff also atten-
ded the following conferences at which they
presented papers or other contributions: the
Building Science Research Symposium on Day-
light and Sunlight in Buildings, held in Adelaide,
Australia; and the 5th International Symposium
on the Chemistry of Cement held in Tokyo.

Two chapters on building materials and one
on carbonates were completed for an inter-
national book on differential thermal analysis
which is to be published in the United Kingdom,
and several NBRI reports were translated into
foreign languages by overseas organizations so
that they could distribute printed copies of the
translated versions within their own countries.

Selected Publications

BLIGHT, G. E. A note on field vane testing of
silty soils. Canadian Geotechnical Journal, vol.
V, no. 3, Aug. 1968, pp. 142-149,

CHINNERY, D. N. W. Solar water heating in South
Africa. CSIR Research Report 248 (NBRI Bulle-
tin 44), Pretoria, CSIR, 1967, 79p.

COOKE, B. V. and FAIRBAIRN, D. G. The hospital
laundry and linen service (Hospital Design 8).
CSIR Research Report 258 (NBRI Bulletin 49),
Pretoria, CSIR, 1968, 16p.

COWAN, D. The development of space and building
standards in hospitals. Dt. Bauz, vol. 10, October
1968, pp. 1678-1680.

CRABTREE, P. R. The development of modern
joints for sewers. Paper presented at the 1968
Conference of the Institution of Municipal
Engineers of Southern Africa, Cape Town, 1968,
14p.

CROMARTY, R. E. Plastic floors and some problems
involved in their wuse. Paper presented at the
Symposium on Plastic Floors, Durban, Nov. 1967.
Arranged by the NBRI under the auspices of
the Durban Master Builders and Allied Trades
Association and the Natal Provincial Institute of
Architects.

DE VOS, T. J, EVENWEL, J. K. and MINERS,
J. K. Preliminary report on some aspects of
mechanization in the building industry in South
Afriea. CSIR Research Report 265 (NBRI Bulle-
tin 52), Pretoria, CSIR, 1968, 72p.

DOBSON, D. E. Building regulations: A review
of the position in some western countries, CSIR
Research Report 269 (NBRI Bulletin 54),
Pretoria, CSIR, 1968, 163p.

DOBSON, D. E. and DANNENFELDT, H. T. H. Fire
research aspects of building regulations. S. Afr.
archit. J., vol. 53, no. 11, Nov. 1968, pp. 25-29.

18 CSIR Annual Report 1968



FAIRBAIRN, D. G. Architectural research on the
planning of buildings. Public Works, Roads and
Transport, May 1968, 3p.

LUNT, B. G. Ciwil defence planning and the struc-
tural engineer. Paper presented at the 1968 Con-
vention of the South African Institution of Civil
Engineering, July 1968.

MINERS, T. W. The client and management in the
building industry. Paper presented at the 1968
Building Exhibition Conference, Johannesburg,
August 1968.

MORRIS, J. Outlook on materials. Paper presented
at the 1968 S.A. Building Exhibition Conference,
Johannesburg, August 1968.

NATIONAL BUILDING RESEARCH INSTITUTE.
A guide to special housing for aged people.
CSIR Research Report 245 (NBRI Bulletin 43),
Pretoria, CSIR, 1967, 54p.

NATIONAL BUILDING RESEARCH INSTITUTE.
List of NBRI publications. CSIR Bibliography
A 7, Pretoria, CSIR, 1968, 40p.

NIX, M. J. Properties and selection of plastic floor-
ing materials. Paper presented at the Symposium
on Plastic Floors, Durban, Nov. 1967. Arranged
by the NBRI under the auspices of the Durban
Master Builders and Allied Trades Association
and the Natal Provincial Institute of Architects.

RENNHACKKAMP, W. M. H. The lighting of build-
ings. (With discussions). Certifd. Engr., vol. 41,
no. 6, June 1968, pp. 179-88.

RICHARDS, S. J. Sunlight and buildings. S. Afr.
archit, J., vol. 52, no. 12, Dec. 1967, pp. 19-23.

RICHARDS, S. J. Technical information for the
building industry. Symposium on Scientific and
Technical Information, Lourence Marques, June
1968.

RICHARDS, S. J. Research for the building and
construction industry. Public Works, Roads and
Transport. Oct. 1968, 6p.

ROUNTREE, H. V., Improving the climate for indus-
try. Interbuild/Arena, Nov, 1967, pp. 19-22.

SCOTT, T. W. and FATIRBAIRN, D. G. Brick veneer
construction. CSIR Research Report 255 (NBRI
Bulletin 48), Pretoria, CSIR, 1968, 12p.

TAUBER, K. A. G. and SCHMIDT, E. R. Electrical
potential measurements in research on clays.
Nature, Lond., vol. 218, no. 5136, April 6, 1968,
p.105.

VAN DEVENTER, E. N. Tables and alignment charts
for sunlight and shade design of buildings. CSIR
Research Report 262 (NBRI Bulletin 51).
Pretoria, CSIR, 1968, p.301.

VAN STRAATEN, J. F. Ventilusicbeginsels by die
ontwerp van pleasgeboue. Paper presented to the
S.A. Institute of Agricultural Engineers, Pretoria,
August 1968, 16p.

WEBB, T. L. Building research in South Africa.
The South African Bankers' Jowrnal, vol. 64,
no. 4, November 1967, pp. 408-18.

CSIR Arnnual Report 1968 19



20

THE NATIONAL
CHEMICAL
RESEARCH

LABORATORY

Dr P. C. Carman, Director
of the National Chemical
Research Laboratory

Bantu Beer

Production by municipalities has once again
shown a remarkable increase of 14 per cent,
the latest available figures for 1966/67 being
140 million gallons. Research expenditure is
now R114,000 per annum, paid for in foto by
a levy on Bantu beer sales.

The Bantu Beer Unit has now added a modi-
fication test to specifications for malt, and
municipalities are beginning to put it into prac-
tice. At the same time, it has shown that a
souring quality test now widely employed is
useless and even deleterious and its abandon-
ment has now been advocated. The souring
process, for lactic acid production, is a very
important and complicated part of Bantu beer
produection. In the past year, the Unit has not
only carried out a great deal of fundamental
work on this, but has also sent a chemical
engineering team to a large brewery to assist
in developing practical control methods in full-
scale manufacture.

Corrosion

The South African Navy has now appointed
its own corrosion engineers who work in close
co-operation with the CSIR and use its facilities.

A member of the Corrosion Group delivered
a paper at a National Association of Corrosion
Engineers Conference at Cleveland, USA. A
gignificant feature of the Conference was the
interest taken in the Group's research on the
corrosion of reinforcing steel in concrete. Using
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work done in South Africa as a hasis, it was
possible to draw attention to the drawbacks of
using galvanized reinforcing in marine environ-
ments.

Assistance has also been rendered outside the
Republic’s borders, for example, in tests per-
formed on a prestressed concrete pipeline carry-
ing water supplies for Lourence Mardques, in
investigations into corrosion in turbines in
Swaziland and in connection with several en-
quiries from Rhodesia.

Wool chemistry

A research group seconded from SAWTRI
is carrying out fundamental studies in the
NCRIL on the chemical structure of the wool
fibre. This work igs being co-ordinated with a
much more extensive investigation along similar
lines in Australia, where one member of our
group recently spent a year to gain experience;
ancther member is shortly to make a similar
visit. The small South African group has just
made a remarkable step forward in its develop-
ment of an advanced technigque for separating a
pure fraction of wool protein and determining
its amino-acid sequence.

Pharmacology

A major project undertaken by the Organic
Chemistry Division comprises the study and
gynthesis of substances of pharmacological
importance. From experience gained with alka-
leids of South African plants, a synthesis is
being made of modified alkaleids, which should
have improved properties. Research on steroidal
compounds found in the cucumber family has
shown that certain of these can be used as
starting materials in the synthesis of hormones.
The chemical work in this field is being carried
out in conjunction with work on the cultivation
of the more promising species of cucumber by
the Department of Agricultural Technical Ser-
vices. Certain of the foregoing compounds, to-
gether with other active substances found in
South African plants, are being tested for anti-
tumour activity, in collaboration with the
National Cancer Institute of the National In-
stitutes of Health, USA. Arising from the
programme, a new project specifically aimed at
synthesizing anti-tumour substances is being
started.

Mycotoxins

Toxic substances produced by fungi commonly
found on foodstuffs have been widely recognized
as a source of fatal sickness in livestock, and
are also potentially dangerous to human beings.
The team of microbiclogists and chemists work-
ing on these mycotoxins in the CSIR has
achieved a world-wide reputation for its achieve-
ments in isolating a number of new toxins and
determining their structure. Recently, not only
has the group determined the structure of one
of these and synthesized it in the laboratory,
but it has also been able to show how it is
synthesized by the organism. A paper on this

biosynthesis of cyclopiazonic acid was presented
to the IUPAC Symposium on Natural Products
in London during July 1968.

Bilharzia

Asg a contribution to the campaign against
biiharzia, work is being carried out on a new
type of molluscicide, particularly to find out
how it kills snails. By using radio-active tracers,
it has been found that this molluscicide is
rapidly accumulated in the gills and kidneys
of snails and, at the time of death, can con-
stitute up to 40 times its original concentration
in water. This is an active process, since no
such accumulation takes place if dead snails
are placed in the solution.

Liquid ion exchangers

The use of these exchangers in solvent extrac-
tion processes in the field of extractive metal-
lurgy is becoming of increasing importance; for
example, it is now a primary method for
uranium extraction and can well replace existing
processes in gold and platinum metal extraction.
Research into new types of exchanger is being
carried on in collaboration with the National
Institute of Metallurgy.

Ruminant digestion

A collaborative research group set up by the
NCRL and the Veterinary Research Institute at
Onderstepoort has been in operation for many
years and is now recoghized as one of the
leading groups in this field. A project which
has been the subjeet of a long and careful
study is the effect of low quality feeds, such
as teff hay, on sheep. It had previously been
shown that, apart from protein deficiency, the
low protein content of such hay encouraged a
poor type of cellulose-digesting bacteria to deve-
lop in the rumen, and that the bacterial popu-
lation changed to a better type if a protein
supplement such as egg albumen was added.
This is expensive, however, and the usual prac-
tice for making up a nitrogen deficiency is to
add relatively cheap urea and biuret. It has
now been found that this is effective only to
2 Hmited degree, but that, if a further supple-
ment of volatile fatty acids is added to a teff
hay diet, a good bacterial population is produced
and the sheep thrive.

The group has played a leading role in the
growing use of biuret in place of the more
dangerous urea supplements. Though the find-
ings contradict the view of some American
workers, it has been proved decisively that the
utilization of biuret takes place only by being
broken down to ammonia in the rumen.

Cancer biochemistry

Studies of the biochemical changes which take
place when dyes producing liver cancer are
administered to rats have been continued. Cer-
tain types of cell nuclei (parenchymal nuclei)
show a preferential uptake of the dye, and
attempts have been made to locate the point
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of attachment. There is some evidence that it
is bound mainly by an active protein fraction.
Most of the work has been concerned with
changes taking place prior to tumour formation,
but, in a recent study of tumours, a new, very
large type of cell nucleus was found, which is
not present in normal tissue.

Proteins and enzymes

Proteins are the vital constituents of living
matter, As might be expected, they are extreme-
ly complex; the Institute is studying techniques
for the examination of their structure and
mode of working. The head of the research
group is at present overseas to acquire familiar-
ity with new techniques and he is working
specifically on a new approach to the confor-
mation of protein molecules. A study of phos-
vitin in egg yolk has heen started, as it is a
protein of most unusual properties. A highly
purified form of the important enzyme, hyal-
uronidase, has been prepared.

Evidence is being collected to support a new
theory on the biosynthesis of proteins.

Snake venoms

A pure neurotoxin was isolated from the
venom of the Egyptian cobra, and was then
used for determining its amino acid sequence.
This has been completed, thereby providing an
addition to the very small international list of
biologically active proteins which have been so
fully characterized. There are several closely
related substances produced by various cobra
species, and the foregoing opens up a field of
comparative study which should be highly re-
warding. As an interesting example, another
cobra venom has been partially studied by a
Swedish chemist. Knowing that the two neuro-
toxins were very similar and differed only in
a few amino acid residues, it was possible to
arrange his fragments in their correct amino
acid sequence.
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Pneumoconiosis

Biochemical work carried out on behalf of
the Pneumoconiosis Research Unit deals with
the biochemical changes associated with silicosis,
in particular with the formation of nodular
masses of collagen in the lung as a result of
exposure to silica dust. The effect of dusty
air upon the lungs of monkeys is being followed
up. At the same time, the effect of silica
implantation upon a number of tissues of various
types is being investigated in order to find out
what factors stimulate collagen formation.
Damage seems to occur initially at the surface
membrane of certain types of blood cell (macro-
phages), and the cause of this is also being
traced.

Analytical chemistry

The use of ion-exchange columns for the
analytical determination of small amounts of
elements in silicates is being extended by using
a wide variety of eluting solutions. A quick and
accurate method for determining small amounts
of calcium has thus been developed, and it is
also possible tc make a quantitative determina-
tion of rubidium in tap water where its con-
centration is only two parts per billion.

The separation methods involved can also be
applied in other ways. Thus “carrier-free”
radio-active cadmium and silver from cyclotron
targets have been prepared, even though the
quantities involved (but not the activities) were
minute.

Gold and platinum metal chemistry

A number of new co-ordinated complexes of
gold, platinum and rhodium have been prepared
and both their infra-red spectra and their
chemistry in aqueous solutions have been
studied. Since these metals exist only as com-
plexes in solution, such apparently academic
work is essential for both metallurgical separa-
tions and for analytical methods; for this
reason, it now enjoys a degree of financial
support from the Chamber of Mines.

An interesting application resulted from the
separation of radio-active silver from a cyclotron
target of rhodium. It was known that rhodium
could form a complex suitable for separation
from silver on an ion-exchange column. The
complex is unstable in the presence of chloride,
but it reacts at a very slow rate, so that, by
using a short column and hence a short time,
silver could be removed before the rhodium
complex had undergone any change.

Gold extraction

The behaviour of thickeners for the removal
of water from gold-bearing pulps has so far
been studied with laboratory thickeners up to
six feet in diameter, since it is relatively easy
to control all the variables involved. With
financial assistance from the Chamber of Mines
and in collaboration with the Goldfields Group,
a full-scale thickener has been equipped to carry
out similar measurements under normal working
conditions. The results will be correlated with
laboratory measurements, particularly in regard
to anomalies which have been found persistently
in certain gold pulps.
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Manganese dioxide

In collaboration with the National Institute
for Metallurgy, manganese dioxide ores from 29
different deposits in the Republic were evaluated
for their suitability for dry cell manufacture.
Large variations in quality were found in each
individual deposit.

The test methods developed to determine
polarization properties have been improved so
that the suitability of ore for dry cell purposes
can be predicted in a short time with a high
degree of accuracy. Fundamental studies are
being carried out to improve the test methods
even more.

Maize starch

The industrial utilization of starch from sur-
plus maize is being studied, with financial assist-
ance from the Mealie Industry Control Board.
A report on the use of dry-milled cereal flours

in paper making was drawn up, but it was
concluded that these would not be successful
in South Africa. Chemically modified starches
are now being prepared and their properties
studied, since these seem likely to prove suit-
able for utilization.

Tartarie acid

As part of a programme on the recovery of
tartaric acid from winery wastes, the keeping
quality of wine lees was investigated. Owing
probably to the presence of alcohol in wet lees,
it was found that they could be kept in tanks
for four to five months without any appreciable
loss of tartrate. When filtered, however, the
loss of tartrate takes place very quickly unless
the filter cake is at once thoroughly dried. With
funds provided by the wine industry, two types
of drier were purchased and installed at Fransch-
hoek, where it was demonstrated that lees could
be efficiently filtered and dried. The dried
material can then be transported and processed
at a central plant.

Agar

The process of manufacturing agar from South
African seaweeds in all grades up to the very
highest quality has been completed and a
feasibility study has been started. A memoran-
dum now being drawn up will serve as a basis
for discussion with interested bodies with a
view to the possible local exploitation of the
process.
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Institute for

Mathematical |
Sciences ;

TI-[E work of the National Research Institute
for Mathematical Sciences is devoted to
research in the mathematical and electrical
engineering sciences. These two disciplines in-
clude especially the theoretical and experimental
aspects of research in all scientific fields.

The Mathematical Sciences Research Depart-
ment consists of divisions for mathematical
analysis, statistics and numerical analysis.
These deal with the various branches of mathe-
matics and their application to research. Typical
activities concern theoretical fluid dynamics,
stress-deformation theory, operations research,
statistical decision techniques and design of
experiments, and numerical and non-numerical
computations on digital computers.

The Electrical Engineering Research Depart-
ment consists of divisions for special prob-
lems, automation, applied electronics, solid state
electronics, electronic instrumentation and power
electrical engineering. Work is done in such
diverse fields as the application of digital tech-
niques in data processing, analogue computing,
the use of ultrasonics for the analysis and pro-
cessing of materials, semi-conductor applications,
microminiaturization and thin-film technology,
and studies of problems peculiar to the Republic
in heavy current applications.
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SCIENCES
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DEPARTMENT

Operations research

A variety of operations research studies were
undertaken, including investigations into a prob-
lem of linear programming for the Department
of Agricultural Economics and Marketing, the
study of extensive transportation problems for
the Mealie Industry Control Board and an orien-
tation study in mathematical programming for
South African Pulp and Paper Industries
Limited.

Mathematical hydrodynamics

Basic results were obtained in studying the
mathematical equations describing the motion
of an incompressible fluid with internal friction
under conditions of moving boundaries, i.e. when
the walls of the container are not fixed. In this
work, the Institute collaborated with scientists
at the University of New York.

Geophysical fluid dynamics

In attempting to establish a simplified mathe-
matical description of the motion of the earth’s
atmosphere, various simplifications have to be
made to enable the system of equation to be
solved. The consistent introduction of various
simplifications, aimed at obtaining good fore-
cast results in the South African context, was
studied. Owing to the known difficulties arising
from South African requirements, this problem
is bound to require consistent effort over the
next few years.

General mathematical services

On the request of a variety of research
groups, various mathematical studies were
carried out, including area calculations, the
analysis of electrical networks and the appli-
cation of specialized mathematical procedures
in solving problems arising in fields such as
spectrochemistry and the allocation of man-
power.

Mathematical statistics

The activity of the Institute in the field of
mathematical statistics continually gives rise
to new applications. Two examples are given
below.

In forecasting the value that a given quantity
will have, based on a linear combination of
values which a specified set of other variables
assume, a known confidence interval can be
associated with such a prediction. The converse
problem of obtaining a confidence set of values
of the other variables associated with a given
value of the first-mentioned variable has not,
however, been discussed in the literature, and
a method was evolved by the Statistics Division
to deal with a problem in the field of timber
technology encountered by the Timber Research
Unit.
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To illustrate another statistical method which
was developed, it should be assumed that
samples of ore-bearing rock from a given area
have been analysed chemically and it is now
necessary to establish the percentage of ore
present in the area from which the samples
were collected. A suitable statistical method for
estimating such a population mean was estah-
lished. BExtensions include a method for deter-
mining the number of samples and the numhber
of replicate determinations per sample which
would be necessary to achieve a prescribed
accuracy, as well as a method for choosing the
combination entailing the minimum expenditure.
It is thought that this method will be applicable
to data collected in the fields of biology and
medicine; in these cases the rock samples used
above as an illustration are replaced by experi-
mental animals or patients on which or on whom
replicate determinations of a particular quantity
are performed.

APPLIED STATISTICS

Traffic speeds — Continuing an experiment
begun in 1966, the NRIMS, in collaboration with
the National Institute for Road Research,
carried out studies of spot-speeds of light motor
vehicles at ten points on rural roads in the
Transvaal; speeds at each one of these points
were measured eight hours a day for two weeks
in order to obtain data on the variation of speed
with time of day. Such information is required
to facilitate the planning of future studies and
the evaluation of earlier gnes.

Timber moisture content — The Timber Re-
search Unit was interested in determining, with-
in prescribed limits, the moisture content of
timber transported by railway trucks. One
sample billet of timber was to be taken from
a truck, and the problem was to establish the
number of trucks from which such samples
ware to be taken. A mathematical analysis of
the data showed that, in the long run, 25
measurements would be nesded to make it pos-
sible to state with 95 per cent cerfainty that
the moisture content of the timber had been
determined with an accuracy involving an errvor
of not more than 2 per cent.

Human adaptability studies on the Venda
tribe — South Africa is participating in the
human adaptability studies which form part of
the International Biological Programme, This
is a five-year project, involving many scientific
disciplines, the purpsse of which, in very general
terms, is the study of man's adaptation to a
wide range of natural and also artificial (or
man-made) environments. In this work, the
Statistics Division has collaborated with work-
ers from the National Nutrition Research
Institute and the National Institute for Per-
sonnel Research in planning field work in Venda-
land (Sibasa area). The main purpose of the

study is the eventual comparison of urban and
rural Venda.

Impaired Iung function — The Pneumoconio-
sis Research TUnit carried out Iung function
studies on more than 1,300 mine workers. Apart
from the lung function variables, a large amount
of other information, such as age, height, weight,
years of underground service, was recorded. By
applying the methods of mathematical statistics
to these data it could be shown that an entirely
new approach would be needed if lung function
variahles were to he predicted successfully.

Cancer incidence — In collaboration with the
Statistical Research Unit of the Medical Re-
search Council in England, the relationship
between cancer incidence and age was studied
by analysing data for cancers in various sites
occurring in males and females from eleven
selected countries. A joint publication is in
preparation.

Hygienic quality of milk -— In eollaboration
with the Animal and Dairy Science Research
Institute, Irene, further work was done on the
evaluation of various tests to estimate the bac-
terial count of milk, and hence its hygienic
quality. A computation was made of the fre-
quency with which a producer’s milk should be
sampled and tested if the milk was to be correct-
ly graded with specified probability.

Children’s age and hand skeleton — A Lknpow-
ledge of the average development of the skeleton
of the hand of a large number of children of
given ages has been used by workers overseas
to construct a standard “atlas”, by means of
which the “skeletal age” of a child can be
determined, using X-rays of the hand. By com-
paring the “skeletal age” of a child with its
actual (chronological) age, various conclusions
can be drawn. A medical research worker at
the Coronation Hospital in Johannesburg used
this “atlas”, together with data on hand X-rays
obtained by the National Nutrition Research
Institute in a Pretoria survey of school children,
and the Statistics Division advized him on
several problems which arose in the course of
this investigation.

Mosquito-borne epidemics — Using the elec-
tronic computer, a simulation study of epidemics
of a vector-borne disease is being undertaken.
The vectors in this study are assumed to he
mosquitoes which become infectious when they
bite a host (monkey). The computer program
being written for the study will incorporate
a number of quantities relating to infectiousness
and mortality in vectors and hosts.

Bacteria in sheep — A statistical analysis
was undertaken on counts of certain bacteria
from the rumen (or first stomach) of sheep,
these counts having been obtained by veterinary
research workers at Onderstepoort. Five differ-
ent culturgs were used to grow the hacteria,
and the analysis was undertaken to identify
significant differences between the effects of
different cultures.
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COMPUTING CENTRE

To enable a number of typewriter terminals
to communicate with the IBM 360/40 digital
computer, it became necessary to develop a
special support program known as OSTERM II.
The system proved to be economical and ver-
satile, and was the most elaborate project of
its kind yet undertaken here.

The computer load increased steadily through-
cut most of the year under review, and it
became evident that, by December 1968, the
ingtallation would be loaded to capacity, After
extensive investigations and discussion locally
and overseas, an order was placed for an IBM
360/65 configuration which was to be brought
into operation in January 1969; it is expected
that, with moderate additions, this will be able
to meet the reguirements of the CSIR until
1972.

NUMERICAL CONTROL OF MACHINE TOOLS

A numerically controlled milling machine was
installed at the CSIR in January 1968. The
Numerical Analysis Division was involved to a
high degree in the computing, training and
liaison aspects of this development. To control
the milling machine, a very powerful computer
language, known as APT, is used; this language
was commissioned and tested extensively on
the computer and introductory courses, provided
locally, were followed in April by an intensive
APT course conducted by an expert on numeri-
cal control from the USA. In March, the
Division co-operated in the organization of a
Symposium on Numerically Controlled Machine
Tools held under the auspices of the South
African Council for Automation and Compu-
tation (SACAC), this involvement including a

demonstration and a paper on the subject of
programming for numerical control.

COMPUTER PROGRAMMING

FPhotographic surveying — Considerable atten-
tion has been devoted to the application of

computers in photogrammetry and related prob-
lems.

Eclipses of binary stars — A great deal of
work has been done at the request of the
Republic Observatory on a series of computer
programs for the analysis of cyclic variations
in the intensity of light from binary stars.

Civil engineering -— An intensive study was
made of the wvery comprehensive Integrated
Civil Engineering System (ICES) of the Massa-
chusetts Institute of Technology and the IBM
Company. These programs are expected to be
of great use in the future in South Africa.

Agricultural economics — In collaboration
with the Department of Agricultural Economics
and Marketing, the development of an elaborate
system for the processing of monthly operational
and economic data submitted by individual farm-
ers was successfully concluded. Ixtensions of
this project are continuing,

Data processing and tabalation — A versatile
sorting and tabulating program was applied to
massive tasks of data processing arising from
research into Bantu housing, the use of scien-
tific literature by South African scientists, and
smaller prejects. Other major tasks of data
processing were commissioned, two connected
with traffic surveys and one with folklore. A
program for the mechanization of library pro-
cedures in dealing with serial literature has
been drawn up.
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Automatic weather station

In previous Annual Reports, mention has been
made of a weather station developed by the
Automation Division on behalf of the National
Building Research Institute and run on a routine
basis by the Electronic Instrumentation Division
and the NBRI. During the year under review,
the information recorded by this station was
analysed, using programs written by the NBRI
for the IBM 360/40 computer. Of the infor-
mation finally transcribed on magnetic tape for
processing, 95 per cent was found to be within
acceptable limits. Some 14 per cent of the
original data was not transcribed because the
paper tape had deteriorated during storage.
Actual downtime of the station contributed less
than 5 per cent to the loss of information. A
paper dealing with the results of an analysis
of the accumulated data is being prepared by
the NBRI.

Process control

The Automation Division has placed an order
for an EAI-580 analogue computer (80 ampli-
fiers, 70 servo-controlled potentiometers) which
is to be used primarily in a fundamental study
of process control; the intention is to simulate
an industrial process on the analogue computer
and effect control by means of a coupled digital
computer
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Before embarking on a large-scale investiga-
tion of a selected problem, it is intended to hold
a seminar on the use of analogue and digital
computers in process control. Contact has been
made with several industrial firms and visits
to other firms are being arranged in order that
knowledge of a wide spectrum of control prob-
lems can be acquired before a suitable one is
selected for intensive study.

Thin-film technology

Having successfully produced some circuits
during the previous year, the main effort of
the thin-film team in the year under review
was devoted to improving and perfecting the
evaporation technigue of nickel-chromium resis-
tors and gold conductors; and to setting up
an in-house production facility. To improve the
basic accuracy of the resistors, a trimming
apparatus was designed and built. By means
of a spark erosion process, the value of the
resistors could be adjusted until it was accurate
to within 0.5 per cent.

For the manufacture of circuits, it was decided
to use normal unencapsulated transistor chips,
which are cheap and readily available. To bond
these chips to the substrate an epoxy bonder
was developed in co-operation with the Technical
Services Department.

A radio-frequency sputtering unit was acquired
to make possible the production of condensers.
This particular sputtering module permits three
different materials to be deposited without
breaking the vacuum, and, with its aid, dielec-
trics and conductors can be deposited.

Ultrasonics

Further improvements were made to the ultra-
sonic thin-film monitor to measure the growth
of thin films: The method is based on the
principle that the velocity of a surface elastic
wave changes when a material with different
elastic constants is deposited on the surface.
The improvement uses an interference pattern
set up bhetween the surface and bulk waves
and produces a digital output rather than the
analogue signal previously obtained. A paper
on this work was published.

Low-level amplifiers

Semi-conductor diodes or transistors have in
the past been used as temperature sensors. A
new method of using transistors for this purpose
was developed in the Solid State Electronics
Division, and the result was a much improved
performance. One practical advantage of the
method is that, if a convenient electrical thermo-
meter circuit were designed to operate on this
principle, no complicated initial adjustment or
recalibration would be necessary if a sensor
had to be replaced.

Micro-circuit analysis
A start was made with the investigation of
different methods of computer-aided circuit de-

sign, and a limited number of computer runs,
using the electric circuit analysis program
(ECAP), have been carried out. It has been
found that direct communication with the com-
puter by means of a typewriter terminal is
essential for this type of work.

Voltage-stabilized spark source

Spectrographic spark sources operating on
the principle of voltage control have heen de-
signed and constructed. Applications for a
patent in the USA have now been successful.
The South African Inventions Development Cor-
poration has made a grant available for the
further development of this invention by the
CSIR in South Afriea.

Electromedical apparatus

The Institute has developed a special electro-
coma unit which has proved to be so successful
that a second improved unit is now being deve-
loped. In the light of experience gained with
the first unit, the second will cover a higher
frequency range and be of lower power, while
it will also be of a rather simpler design,

Information service on electronic
instrumentation

The Electronic Instrumentation Division is
providing an internal information service on

CSIR Annual Report 1968 31



the availability of electronic components and
instruments, from local or overseas sources.
Some 150 enquiries are dealt with monthly.

Sandwich course

The scheme for training technicians by means
of a sandwich course in conjunction with the
Pretoria College for Advanced Technical Educa-
tion is producing good results, although the
syllabuses need to be revised. The students who
obtained their diplomas are proving to be very
useful additions to the staff.

Evaporation measurements at Gross Barmen

Folowing original research work carried out
by the Automation Division, equipment built
by the Electronic Instrumentation Division for
the National Institute for Water Research is
now being used to measure the evaporation of
water in one of the “dry” river beds of South
West Africa. The number of channels used
during the first stage of the investigations has
been extended, although recording is still done
by means of a graphic recorder. The next step
will be to record on punched paper tape so

N
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that the recorded data can be processed on a
computer.

Tracking animals in the bush

Biologists wishing to mark animals, with a
view to identifying and tracking them in the
bush, needed miniature transmitters. With
assistance from the National Institute for Tele-
communications Research and the Acoustics
Divigsion of the National Physical Research
Laboratory, a prototype, in the form of a collar,
was fitted to a monkey and was of great assist-
ance in identifying and tracking the animal for
a period of 28 days (the life of the batteries
used). Work is proceeding on 10 more trans-
mitters which will operate for periods of 6 to
12 months. A portable receiver and an aerial
with directional sensitivity were also developed.
The development of a similar instrument for
tracking rhinoceros is being investigated.

Wave and tide recorders

On behalf of the Hydromechanics Division of
the National Mechanical Engineering Research
Institute, a commercial echo sounder was modi-
fied for recording wave and tide information
at the coast. The modifications included a
mechanical re-design of the paper drive mech-
anism to allow a higger roll of chart paper
to be fitted and to achieve a higher recording
speed and a more efficient method of regulating
speed, a battery-driven clock and timing mecha-
nism to enable sample readings to be made
every hour, and a change in design to achieve
a  higher sensitivity. A special re-chargeable
battery and a watertight container were also
required, as the units were to be deposited on
the sea-bed and only retrieved once a month
for re-charging the batteries and changing the
chart paper. Tests were conducted at Durban
and Port Elizabeth and additional units are
being huilt for use at other harbours.

Calibration of electronic instruments

The necessary precision-measuring apparatus
having been received, it was possible to make
a start with the routine calibration of equip-
ment. To begin with, only new equipment is
being evaluated against specifications. The need
for such a facility is emphasized by the fact
that it was found that some 75 per cent of
all new instruments do not conform in all re-
gpects to their specifications.

Lightning observations

Considerable progress was achieved in the
establishment of three lightning direction finding
stations at Silverton, Bapsfontein and Diepsloot.
The Institute has been working in close collabora-
tion with the National Physical Research Labora-
tory on this project. Each station is provided with
a direction finder with cathode-ray tube-display,
electrically controlled cameras and a 360 degree
all-sky camera, in addition to other equipment.
All cameras are operated with their shutters
open, awaiting the event of a lightning flash

32 CSIR Annual Report 1968



e ——

which then triggers off operation; when this
takes place the shutters are closed and the
film advances by one frame before the shutters
are re-opened.

Some of the data obtained during the 1967/68
lightning season have heen transferred to
punched paper tape and will be processed on
the digital ecomputer.

Survey of impulse voltages

The Institute is studying impulse voltages
which occur on high voltage transmission lines
and which are due to switching and lightning
surges. As part of the study, the Automation
Division and the Power Electrical Engineering
Division jointly completed a design for voltage
and current recording equipment not physically
connected to transmission lines. Prototypes of
this equipment were used during a series of
switching tests carried out jointly, on the newly
commissioned 400kV lines, by KESCOM, the
CSIR, the SABS and the Universities of Pretoria
and the Witwatersrand. It is anticipated that
it will be possible during the forthcoming year
to complete the equipment of a mobile recording
laboratory for long-term studies.

Work is also in progress on a universal statis-
tical counter, which will make measurements
providing the basic data needed to fix insulation
levels and design the protection of connected
equipment against over-voltage.

Protection of pipeline against lightning

In the previous Annual Report, reference was
made to research which had led to the pro-
vision of suitable protection against lightning
for a main water pipeline of prestressed con-
crete between Riversdale and Johannesburg.
There were no failures of the pipeline due to
lightning during the 1967/68 season.

Equipment for measuring the lightning cur-
rents carried by the water main and its pro-
tective system of conductors is being constructed
with a view to obtaining information regarding
the distribution of the ecurrents which are
carried by the protection system and the pipe-
line respectively, in order to confirm design
data.

Insulation research

At the request of the Advisory Committee
for Electrical Engineering, the Institute will
carry out research into the electric properties
of insulation materials. Some basic equipment
has been acquired for this purpose.

General

An optical-electrical system has been worked
out to measure the wear of the overhead con-
tact wire used in detraction systems; its sue-
cess will depend upon the accuracy with which
the optical components can be manufactured.
This investigation has important economic impli-

cations and is being continued in close collabora-
tion with the Electrical Engineering Department
of the South African Railways and Harbours.

At the request of the Department of Commerce
and Industries, as it was at that time, the
whole question of research into battery-operated
electrical vehicles was critically examined. Three
recent conferences in the United States and
the United Kingdom were attended by represen-
tatives of the CSIR, and a literature survey
was carried out. A report was made to the
Department.
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E activities of the National Mechanical

Engineering Research Institute (NMERI)
are devoted to the development of new ideas
and techniques in mechanical engineering, and
to the improvement of machines and materials
used in industry. The Institute is also active
in fields such as rock mechanies to improve
efficiency and safety in mines. The Institute
has qualified personnel, testing equipment, mach-
ines and instruments for research in the fields
of metallurgy, strength of structures, process
development, rock mechanics, aeromechanics
(including aeronautics), hydromechanics (in-
cluding harbour and river engineering) and
heat mechanics (including air-conditioning and
refrigeration). The NMERI also has at its dis-
posal wind tunnels for the range up to Mach.
4.3.

The Mine FEquipment Research TUnit at
Cottesloe, Johannesburg, is part of the NMERI
and deals with investigations related to mine
ropes and winding equipment.

The Hydromechanics Department is being
transferred to Stellenbosch where it will operate
as the Hydraulics Research Unit but still
remain part of the NMERI. The Aeromechanics
Department has become the Aeronautics Re-
search Unit and will continue to operate at
Scientia as part of the NMERI

METAL MECHANICS

Failures in service

The Metal Mechanics Division continued to
offer industry the service of investigating fail-
ures of machine or structural metal components.
This service includes general metallurgical tests
to identify specific materials, heat treatment
studies, the investigation of corrosion problems
and any metallurgical tests necessary to deter-
mine the reason for the failure of metal com-
ponents. A number of such investigations were
carried out for industrial firms as well as for
Government departments.

Stress corrosion

An investigation to determine the influence
of steel composition and structure on the suscep-
tibility of mild steel to intercrystalline stress
corrosion in both nitrate and caustic soda solu-
tions was carried out in collaboration with the
University of Cape Town. It was found that
the susceptibility to corrosion of spheroidized
steel was considerably less than that of the
normal annealed structure. It was also found
that steel with a high carbon content is more
susceptible to stress corrosion and that cold
deformation increased the susceptibility of steel
to this type of corrosion.

Plastie deformation

The influence of shock loading on the yield
point of mild steel was investigated. Specimens
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were strained in an impact machine to elonga-
tions between 0.8 and 8.5 per cent and the yield
point was determined on the prestrained speci-
mens. An inhomogeneous deformation was found
during yielding, in particular near the so-called
Liiders bands. A new theory in regard to the
movement of dislocations was supported by the
results obhtained.

Wear of mill lining materials

A final report on a comprehensive investiga-
tion into rotary mill liner practice in the South
African Gold Mining Industry was submitted
to the Chamber of Mines of South Africa who
had sponsored the research. The report con-
tains a description of tests undertaken to deter-
mine the most suitable alloys for use under
various conditions of milling. Considerations
relating to liner and mill design which had arisen
from the tests were discussed and future trends
were indicated. An abbreviated version of the
report was prepared for publication in a South
African technical journal.

Foundry research

Investigations on hehalf of several foundries,
as well as of foundry-supply firms, were con-
ducted. The properties of different binders and
foundry sands were investigated and material
tests were carried out on samples of cast iron
to determine their mechanical properties, micro-
structures and chemical composition. The object
of the tests was to evaluate the quality of
sands, binders and castings. Several investiga-
tions into the causes of service failures of cast
machine and vehicle components were also car-
ried out.

A CSIR one-day symposium on air pollution
and the foundry industry was held during
August in co-operation with the South African
Institute of Foundrymen. Papers were presen-
ted by speakers from the foundry industry, a
municipality and from research organizations,
including the CSIR.

A report on research carried out into the
properties of resin bond mould materials was
submitted to the South African Foundry Re-
search Foundation. The data sheets included in
the report give the properties of resin bonding
materials available in South Africa. Tests were
carried out on mixtures containing cold-setting
and thermosetting resing, on resin-coated sand
and on a clay-bonded mixture containing addi-
tional resin. The tests included the casting of
a special test piece to determine the porosity
index — a measure of the tendency of the
different resins to create pinholes.

STRENGTH MECHANICS
Stress analysis and material testing

Several important stress analyses and strength
investigations were carried out on behalf of
industrial organizations. In addition, a wide
range of fatigue tests were undertaken, several
of which are still in progress, principally on
railway rolling stock components and permanent
way equipment.

Preparations are being made to carry out a
complete stress analysis of a railway carriage
for its manufacturers.

A structural test was carried out in Holland
on the heavy lifting gear of a large cargo
vessel which had been damaged by a fire in
the hold.

Impact properties of metals

A study is being made of the effect of impact
on small metal specimens and the effect of
the rate of loading on the yield point of steel.
Preliminary work was carried out in order to
gain experience of the experimental techniques
involved in using eclectrical resistance strain
gauges and reflection photoelasticity in study-
ing strain phenomena of the wave type. Speci-
mens of mild steel in the normalized heat-treated
condition were tested in tension using the
above-mentioned techniques at slow loading
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rates. In this heat-treated condition mild steel
exhibits a very pronounced yield-point effect
which is accompanied by the propagation of
one or two Liiders bands from the grips of a
tensile specimen. The Liiders band can be con-
sidered a plastic wave travelling through the
specimen with a velocity which depends upon
the loading rate. It has thus been possible to
investigate a quasi-static situation which re-
sembles impact conditions.

PROCESS MECHANICS
Conveyance of granular material

At the request of a cement manufacturer an
investigation was undertaken to determine the
pressure loss, in terms of pounds per square
inch per mile, which would occur in transporting
limestone in the form of a slurry in a pipeline
over a considerable distance from a quarry to
a cement factory. This information was needed
to establish the capacity of the pumping plant
required for the system.

Tests on numerous slurries, each of which
had a different water concentration and particle
size distribution, were carried out in pipes of
small diameter, and an estimate of the pressure
required to pump such slurries in, for example,
an 8-inch pipeline over 100 miles was deduced
from the results.

It is planned to conduct further tests in a
test circuit of approximately one mile in length
in which the pipes used will have the same
diameter as that proposed for the actual system.

Heavy machinery testing

A report on an extended study of the need
for establishing a central pumping station in
the Republic, which will be capable of testing
single pump units up to 12,000 hp, was sub-
mitted to the Councils of the SABS and CSIR
by the Committee on Facilities to Further the
Development of Heavy Industries in South
Africa.

Potato sizing machine

The Potato Board requested the Institute to
develop a potato grading machine, in which
the Board had patent interests, to the produc-
tion stage. After acceptance tests had been com-
pleted and small modifications made, it was
delivered early this year to the Potato Board,
who are subjecting it to practical tests.

ROCK MECHANICS

Research into problems in the field of rock
mechanics was continued on behalf of the
Chamber of Mines of South Africa and the Coal
Mining Research Controlling Council. In addi-
tion, various investigations were conducted for
sponsors in South Africa and abroad.

Properties of rock

Progress was made with a catalogue of the
strength and deformation characteristics of
South African rocks for use in the study of
rock mechanics. It is hoped to issue the first
edition by the end of 1969.

Measurement of stress in elastic rock

Methods and instruments for the measurement
of rock stress are being developed. The CSIR's
so-called “‘doorstopper” equipment and the CSIR
“triaxial” cell equipment were both perfected.
The former is being produced commercially for
South African and foreign markets and arrange-
ments fer the manufacture of the latter have
been concluded. Both types of equipment have
been used in underground investigations in gold,
asbestos and coal mines. A novel investigation
was carried out in a colliery, where stress
measurements were carried out on large coal
specimens subjected to known in situ load. In
this way, data were acquired on the accuracy
of the equipment. The accuracy was found to
be well within the limits imposed by practical
requirements.
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Large-scale testing of coal in situ

The object of such testing is to determine
the strength and deformation characteristics of
the coal pillars left in the course of colliery
mining. Coal specimens, with side dimensions
up to 6.6 ft (2 metres) and of various heights,
were tested in situ and results previously
obtained were confirmed.

This work was conducted on behalf of the
Coal Mining Research Controlling Council.

Fracture mechanism of rock

Research on certain aspects of the propaga-
tion of fracture in rock continued, with an
emphasis on the processes of fracture under
dynamic stress conditions. This led to the initia-
tion of a project in which the phenomenon of
pre-split blasting was investigated by means of
a high-speed camera at speeds exceeding 1%
million frames per second.

This research should throw light on problems
connected with the drilling and blasting of rock
and also with rock bursts in the gold mines.

FLUID MECHANICS
Natural aerodynamics

An investigation was undertaken into prob-
lems connected with the wind-excited roof oscil-
lation of large petroleum products storage tanks.
The tank roofs are of the floating type, and dur-
ing moderate and high winds these roofs oscillate
with a type of wave motion that has an ampli-

tude of several inches. Some cracks have been
observed along the welded joints of the steel
roofs and it is feared that continued oscillations
may cause further cracking. A model of one
tank was built and was used in a wind tunnel
to study remedial methods.

HEAT MECHANICS

Air conditioning and refrigeration

On numerous occasions the Institute acted as
technical adviger to consultants and interested
bodies concerned with the planning of air-
conditioning and refrigeration facilities.

Basic investigations into the economic plan-
ning of abattoir refrigeration equipment were
continued. In particular, the effect of environ-
mental conditions such as air temperature,
humidity and air velocity on carcass weight
losses was investigated.

Detailed specifications for two experimental
cold rooms were completed. The cold rooms will
be used to determine the effects of environ-
mental conditions on the keeping qualities of
certain perishable products, chilling and freez-
ing rates and product weight losses during
chiling, freezing and storage.

Numerous enquiries relating to the design of
process and comfort air-conditioning systems
were dealt with. Performance tests on such
air-conditioning systems were carried out. These
included tests on the temperature- and humidity-
control equipment for textile mills, surface
acclimatization chambers for the mining indus-
try and plant-growth rooms for horticultural
research.

Basic investigations into various air distri-
bution systems for glass houses were carried
out.

Climatological data

Charts were published on which wvarious
climatic parameters for summer conditions were
shown in the form of isothermal lines on maps
of the Republic. This information is of con-
siderable interest to architects, consulting engin-
eers and similar specialists. Numerous requests
for relevant information have been received.

The analysis of dry- and wet-bulb tem-
peratures was extended to include dew-point
temperature values for the Republic — a
pre-requisite for the design of humidification
equipment in comfort air-conditioning systems.

Heat loss from the human body

Instrumentation, based on the model studies
which were successfully carried out in a tem-
perature- and humidity-controlled wind tunnel,
was constructed and installed in the Climatic
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Chamber of the Chamber of Mines’ Human
Sciences Laboratory, in order to measure the

evaporative heat loss component from the human
body.

The instrument for measuring the evaporative
heat loss, together with the instruments pre-
viously developed for measuring the convective
and radiative heat loss components, was used
for animate studies in the Climatic Chamber.

Satisfactory results have been obtained from
the operation of all the equipment.

Coal-burning gas turhine

The feasibility of a coal-burning gas turbine
of the comparatively simple open-cycle type for
power generation in South Africa, is being
investigated.

Experimental work to determine the feasi-
bility of coal-burning combustion chambers for
open-cycle gas turbines was continued.

The tests showed that, in spite of fairly low
combustion efficiencies, the exhaust gases from
the combustion and ash separation system con-
tained small enough quantities of ash particles
to be nearly acceptable from the viewpoint of
turbine blade erosion.

Further investigations into methods of im-
proving efficiency in both combustion and ash
separation made considerable progress. A new
type of combustion chamber, which shows
promige of increased efficiency, is undergoing
tests, and a number of alterations to the ash
separation equipment are being effected.

MINE EQUIPMENT RESEARCH UNIT

Statutory wire rope testing

Apart from ropes for the mining industry in
South Africa, ropes from South West Africa,
Rhodesia and Zambia were tested. From October
1st, 1967, to September 30th, 1968, 4,660 tests
were done on ropes of over 14 inch nominal
diameter, and tests on 2,490 smaller ropes were
also carried out.

Non-statutory testing of components

The facilities for testing at high loads, which
are available at Cottesloe, were widely used
by the Chamber of Mines, the South African
Railways, Iscor, private industry, and the CSIR.

Service behaviour of winding ropes

Thirty rock hoists were selected and an
analysis was begun of the behaviour of the
winding ropes installed in them. Information
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about all the features that could conceivably
affect the performance of the ropes installed
in these hoists was collected and tabulated.
Equipment to measure and record loads and
elongations accurately during statutory tests to
destruction has been designed and built.

A device to measure wear in experimental
sheave liners was designed and built.

Fatigue of winding ropes

The unique Universal Wire Rope IFatigue
Testing Machine, designed in the Institute, was
brought into successful operation. It is possible
with this machine to simulate all the fatigue
loading conditions to which a mine winding
rope is subjected. It will, therefore, be possible
to obtain more accurate information on the
fatigue behaviour of winding ropes than was
possible with any previous testing machine.

Hydraulic hoisting

As a result of a survey into literature on
the subject of hoisting ore out of a mine, it
was decided that the principle of the so-called
hydrolift system held the greatest promise for
further investigations.

To find the design parameters for a proto-
type plant in a mine, a research plant was
built with the same dimensions as the plant
to be built underground, only with lower hoist-
ing height. It has been estimated that, if the
system works, capital and operating costs should
be less than one-half those of conventional
hoisting.

HYDRAULICS RESEARCH UNIT

Sediment movement in the sea

The Unit is currently attempting to trace,
in deeper water, silt discharged into the sea.
It was established from various surveys carried
out during floods in some of the Natal rivers
that the silt-laden river water spread out over
the heavier sea water. Further studies, which
are being sponsored by the South African
National Committee for Oceanographic Research
(SANCOR), wil be concentrated on sediment
movements close to the shore along the Natal
coast.

Ocean wave research

The purpose of ocean wave research is to
collect and analyse statistically wave data
representative of conditions along the entire
coasts of South Africa and South West Africa.
Wave clinometers are now in operation at St.
Luecia, Richards Bay, Durban, Port St. Johns,
East London, Cape St. Francis, Mossel Bay and
Cape Town. In addition, ship-borne wave recor-
der records are obtained from the research
vessels Africana II, Thomas B. Davie and the
Meiring Naudé and from the S.A.S. Natal.

The first report was completed in April, 1968.

Coastal design

A large number of enquiries were received
regarding problems of coastal design including
one in connection with the stability of the mouth
of the Cunene river, one from Queensland,
Australia, about coastal protection with dolosse,
and one about sediment movements in Chameis
Bay.

A further study was made of possible harbour
sites on the northern coast of South West Africa.
Advice was also given to the consulting engineer
appointed to design the harbour regarding the
collection of data required and hydraulic model
studies. The Unit was also requested by the
Administration of South West Africa to carry
out model studies for the proposed extensions
to the fishing harbour at Walvis Bay

Further tests were carried out to determine
the best layout for the new harbour at Gans-
baai. The effect of rubble and dolosse as pro-
tection for the vertical wall breakwater was
also determined. It was found that such pro-
tection was not very effective.
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Durban harbour siltation and beach erosion

Further research was carried out on the
Durban underwater mound, a sand ridge about
200ft wide at the crest and rising to about
24ft below low water level. The mound,
constructed parallel to and 4,000t from the
shoreline of the Durban beaches, causes large
waves to break at that point and thus effec-
tively protects the Durban beaches against
storm damage.

The model work — for example, large-scale
tests on the stability of the mound and the
long-term effect on the beaches — carried out
in the 400ft long wind-wave flume, was com-
pleted during the year. The results showed
that the mound would remain stable and that
considerable improvement of the beaches could
be expected over the years.

A start was made with the actual construc-
tion of the mound in June, 1966, and approxi-
mately 3 million cubic yards of sand have been
dumped up to now. The mound is now about
8,000ft long (a third of its total length). A
close record is kept of the behaviour of both
the mound and the portion of the beaches which
are already partly protected by the completed
section of the mound. Results are very en-
couraging — model predictions of the mound’s
stability have been confirmed and the beaches
are showing a gradual improvement.

Richards Bay harbour development

A start was made with a very important
project in December, 1967, namely, the deve-
lopment of the harbour at Richards Bay. The
South African Railways commissioned the Unit
to collect representative oceanographic, hydro-
graphic and geomorphological data at Richards
Bay over a period of at least two years and
to carry out the necessary model studies for
the optimum design of the outer harbour works.

Regular records were made throughout the
year of beach changes, variations in the off-
shore sea bottom, bottom changes in the surf
zone, sedimentological changes, wave conditions,
currents, winds and changes in the estuary
mouth. Tide recording in the sea and in the
Bay, sand tracer tests in the breaker zone,
recording of flood and suspended solids in the
Umbhlatuzi river and salinity records in the Bay
were also started during the latter part of the
year.

All these data are being analysed and inter-
preted with the object of using the results later
in the model studies. A start will be made
with the design of the models as soon as the
new offshore bathometric survey, to be made
by the South African Navy, is completed.

Rietvlei harbour siltation and wave studies
Investigations were carried out to determine

the best harbour entrance layout for a new

fishing-cum-shipbuilding harbour at Rietvlei and

to study the effects on the coastline of this
harbour and the proposed new extensions to
the main harbour at Woodstock. Both the field-
work and the model studies were completed.

It was found that very satisfactory entrance
conditions for a harbour at Rietvlei would be
obtained, if a hreakwater, slightly longer than
a mile in length, were erected on the northern
gide of the entrance.

To check what influence such a breakwater
would have on the stability of the coastline,
the wave and wind conditions encountered over
a period of two years, as recorded at Cape
Town, were reproduced to scale in the movable
bed model. Crushed anthracite was used as
model sand and model beach changes were cor-
related with beach changes measured over two
years in Table Bay to prove that the model
was behaving correctly. The breakwater of the
Rietvlei harbour, as constructed in the model,
was found to have no bad effects, and the local
erosion, which was found to be caused by the
Woodstock harbour extensions could be com-
pletely eliminated with a minor relocation of
the shore protection works, as proposed hy
the South African Railways.

Port Elizabeth shore erosion study

The Department of Transport commissioned
the Unit to investigate the causes of serious
shore erosion adjacent to the new national road
at Deal Party in Port Elizabeth. Methods of
re-establishing ercded beaches were also to be
studied.
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A temporary research team was established
at Port Elizabeth to carry out an extensive
survey of hydrographic and geomorphological
conditions. An analysis was made of all avail-
able historical data on the behaviour of the
Algoa Bay coastline. New depth soundings were
made to determine near-shore sediment move-
ments and beach profiles were measured at
regular intervals over a shore length of some
12 miles. Wave, wind and current conditions
were measured. Wave refraction diagrams,
which are of great importance for the deter-
mination of the wave energy distribution along
the shore, were constructed by computer for
34 typical wave conditions. Littoral drift poten-
tials were calculated and the results were con-
firmed by sand tracer tests. On the basis of
all this work it was possible to define the
causes of the erosion and to suggest certain
remedial measures, thus completing the first
stage of this project.

Stability of estuary mouths

A start was made during the year with the
implementation of the recommended berm
scheme to stabilize the St. Lucia estuary mouth.
The Natal Provincial Administration requested
further advice on construction methods and a
visit was paid to the site in this connection.

Further enquiries were received about prob-
lems with the siltation of river mouths — for
example, the Kowie and Zinkwazi river mouths.

Sand dams

Intensive surveys of existing sand dams were
made in South West Africa. Three dams —
the Ondekaremba, Neudamm and Otjozondu
dams — are being raised for the specific pur-
pose of carrying out full-scale tests. One of
the biggest drawbacks of the system is that
it is difficult to prevent the siltation of fine
sediments and clay in the dams, with the result
that the nett yield and the permeability of the
material deposited becomes unacceptable. It
is hoped a find a solution in the provision of
specially designed openings left in the dam walls
which will cause sufficiently high water veloci-
ties in the dam to transport the silt through
the wall, but which are at the same time
sufficiently low to allow the coarser sediments
to be deposited behind the dam wall.

AERONAUTICS RESEARCH UNIT

Low-speed wind tunnel

The 7ft x 5ft wind tunnel, which had been
under construction for some time, was brought
into commission. Trial runs indicated that except
for a few minor defects, all mechanical and
electrical installations were operating satisfac-
torily. Preliminary measurements in the tunnel
indicated that good flow distribution and reason-
ably low turbulence could be expected in the
tunnel working section. The development of
special instruments and calibration gear was
completed and the systematic calibration of the
tunnel was begun. The development of suitable
data collecting systems was also started.

High-speed wind tunnel

A six-component internal strain gauge bal-
ance, required for measuring forces on models
in the test section of the trisonic wind tunnel,
was completed and calibrated.

A 24in Schlieren system for the optical study
of supersonic flow about bodies is being in-
stalled, primarily for the purpose of carrying
out stability tests on free-flying models.
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In order to improve the performance of the
computer-controlled data acquisition system, an
arithmetic unit is being developed by a local
computer manufacturer. This arithmetic unit
will facilitate the real-time control of processes
such as pressure variation in the settling cham-
ber of the trisonic wind tunnel.

Stability and control of missiles and high-speed
aircraft

A free-flight testing technique is being deve-
loped. The technique provides an unusual method
of testing projectiles in a conventional wind
tunnel with the object of obtaining aerodynamic
characteristics which are free from the usual
support interference. A pneumatic model
launcher of sophisticated design was completed
and found to operate most satisfactorily.
Specialized instruments were built for the pre-
cision measurement of the dynamic properties
of a free-flight model. An analysis of the design
criteria for free-flight cone models was made
so that such models might be manufactured in
the near future.

Aireraft design and construction

The structural and mechanical design of the
experimental two-seater autogyro which is being
developed by the Unit was finalized and the
construction of the first prototype aircraft was
virtually completed. Ground trials of the
various mechanisms of the aircraft, and static
and mobile ground tests on the aircraft as a
whole are under way. Design work on various
modifications, the need for which is becoming
apparent as the trials proceed, is in progress.

Aircraft noise

Further progress was made with the develop-
ment of a method for assessing aircraft noise
disturbance in areas surrounding airports. The
aim of the work is to eliminate the problems
of aircraft noise by the suitable zoning of resi-
dential areas or by revising operational pro-
cedure at particular airports. The South African
Bureau of Standards co-operated by undertaking
a number of surveys of aircraft noise, while
the National Institute for Personnel Research
undertook a sociological survey with a view to
confirming the validity of the method.

The method was discussed at a committee
meeting of the International Organization for
Standardization held in Denmark, where it was
agreed that a further revision of the proposed
international method be considered, taking into
account the proposals and suggestions arising
from the work in South Africa.
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THE
NATIONAL NUTRITION
RESEARCH INSTITUTE

THE National Nutrition Research Institute
(NNRI) is concerned mainly with applied
research aimed at raising the nutritional status
of all sections of the South African population
to a satisfactory level. For this reason the
Institute maintains close contact with the
Department of Health and other organizations
concerned with combating malnutrition.

The activities of the Institute include investi-
gations into the nutritional status of all groups
of the South African population; the study of
methods of combating malnutrition and prevent-
ing deficiency diseases; research on the nutri-
tional value and improved utilization of foods
produced in South Africa; research on the
harmful substances found in some foods; re-
search on food processing, including investiga-
tions on behalf of private industries.

Nutrition
research
department

Supplementary food formulations
Investigations into the problem of finding a
low-cost high-protein food mixture for supple-
menting the proteins, vitamins and minerals in
predominantly cereal diets have been completed
after several years of intensive research. This
work has led to the development of a food
mixture which consists of specially prepared
whole soybean meal, whole egg powder, milk
powder, deodorized fish flour, synthetic vitamins,
minerals and flavouring substances. Extensive
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laboratory tests, as well as clinical and field
trials, have shown the mixture to be not only
safe and effective, but also acceptable to the
consumer and of good keeping quality. The
Institute has thus succeeded not only in deve-
loping a most useful tool for combating all
common forms of dietary inadequacy amongst
the less privileged members of the community,
but also in laying a sound scientific foundation
for dietary supplementation practice and cre-
ating a potentially useful outlet for certain
foodstuffs which at present are considered to
be over-produced.

Biological evaluation of proteins

As part of its attempt to improve available
techniques for the laboratory measurement of
the nutritive values of foodstuffs, the Institute
carried out an extensive investigation into the
problem of assessing dietary protein digestibility.
Figures pertaining to the digestibility of the
proteins present in a large number of common
South African foodstuffs have been published.

Vitamin deficiencies in the diet

From data obtained during nutrition status
surveys carried out in the Pretoria area in recent
years, it was concluded that, with the exception
of two vitamins of the B-group (riboflavin and
nicotinic acid), there were generally no pro-
nounced nutritional deficiencies among children
aged 7-15 years in the four main racial groups.
Definite signs of a sub-clinical deficiency of
riboflavin and nicotinic acid were found in chil-
dren of all four racial groups, the non-White
groups in particular.

Since sub-optimal nutritional levels in these
two vitamins are a logical consequence of the
traditional non-White diet, it could he expected
that this sub-clinical deficiency would not be
limited to the Pretoria area. With the co-
operation of the Health Advisory Board and the
Department of Health, field trials were there-
fore planned with a view to determining the
minimum quantity of these two vitamins re-

quired to supplement adequately the normal
intake and to test the suitability of mealie
(maize) meal as a possible carrier of the vitamin
supplement. Two field trials were planned to
investigate thes= aspects. The first of these
is currently in progress near Hammanskraal and
the second will be carried out at Pietersburg.
It is hoped that these experiments will be con-
cluded during 1969 and that the results will
enable the Department of Health to decide
whether the supplementation on a national scale
of mealie meal with these two vitamins is desir-
able and justifiable.

International Biological Programme

The Division of Field Studies of the National
Nutrition Research Institute has been fully
occupied in a study which forms part of the
International Biological Programme, Human
Adaptability Section. In this respect, the
National Nutrition Research Institute, the
National Institute for Personnel Research, the
Human Sciences Laboratory of the Chamber
of Mines, the S.A. Institute for Medical Research,
the Department of Anatomy of the University
of the Witwatersrand and the Non-European
Hospital, Johannesburg are engaged in a multi-
disciplinary study, the main object of which is
tc study human adaptation to changing environ-
ments. This is the first time that such a large-
scale study of this subject has been undertaken.

During the year a study was carried out on
rural Venda males in the Sibasa district and
another on urbanized Venda males living in
Johannesburg. The contribution of the Institute
to the study included clinical, biochemical, soma-
tometrie, haematological, dietary and socio-
ceconomic investigations of each experimental
subject.

A comparative analysis of the data obtained
in the rural and urban surveys is in progress,
the object being to observe in what ways and
to what extent the two groups differ from one
another.
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At the same time a study was made of the
dietary habits of both rural and urban Venda
and of the edible veld foods used in the Sibasa
area.

Cancer of the liver and oesophagus

Liver cancer is the most common form of
cancer in the Bantu (up to 80 cases per 100,000
population per vyear). Because Iliver cancer
occurs mainly in hot humid areas, and because
the food storage practices of the Bantu people

are unsatisfactory, it has been suggested that
contamination of foodstuffs by fungi may he
responsible for the high incidence of the disease.
It is this relationship which is being studied
at the NNRI.

Toxins produced by fungi (mycotoxins} are
purified on a large scale so that they may be
used in the laboratory to develop methods of
analysing foods for toxins, to discover whether
these toxins produce tumours and to determine
how the toxins produce their effects. New

A special cage used to determine
accurately the nutritive value of

proteins

In the new primate centre, which

was completed during 1968, the

haboon is used as an experimental

animal in the study of the part

played by diet in the incidence of
heart disease
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methods have been developed for detecting two
of the carcinogenic mycotoxins (aflatoxin M
and sterigmatocystin) in foods such as milk
and certain cereals and legumes. For the first
time sterigmatocystin, a myeotoxin produced by
at least five different species of fungi, has been
shown to produce liver cancer in experimental
animals. The most interesting aspect of this
finding is that the tumours appear, under the
microscope, to be identical to those found com-
monly in the Bantu.

Another finding, which is of the utmost im-
portance to laboratory workers handling these
toxic materials, is that aflatoxin produces cancer
of the liver in rats when applied to the skin.
The danger to the health of laboratory workers
is obvious.

Biochemical studies are being undertaken to
find how these toxins alter the genetic material
of normal liver cells to produce the changes
which initiate the rapid cell growth resulting in
cancer.

The facilities for research on the relationship
between mycotoxing and the above-mentioned
form of cancer have improved considerably
during the past year, owing to the availability
of primate quarters for housing vervet monkeys
and marmosets.

Field studies have also bheen started. Foods
are being collected from the families of cancer
sufferers and tested by chemical analysis for the
presence of these toxins. Tests involving the
feeding of rats with foods collected from the
families of oesophageal cancer sufferers in the
Cape Province are underway and similar studies
are planned in the near future for liver cancer
sufferers in Mocambique.

Treatment of kwashiorkor

Tests were carried out on 120 patients to
assess the effect of different sugars on the
diarrhoea of kwashiorkor and the disaccharide
splitting enzymes of the small bowel were deter-
mined in some of these patients. The con-
clusions can be summarized as follows:

@ Lactase deficiency is common and often
severe — other enzymes are less affected

® Only lactose could be established as a
significant cause of fermentative dia-
rrhoea, and the severity of diarrhoea

to to a certain extent influenced
by the concentration of lactose in the
diet

@® In general, milk (and thus lactose) does
not have an adverse effect on curing
kwashiorkor, although there are excep-
tional cases

® Should it be necessary to remove lactose
from the diet in order to control diarrhoea,

sucrose is recommended as a substitute
because it is well tolerated, easily avail-
able and cheap.

Gastroscopy

The development of optical glass fibres and
the use of these in the gastroscope has enabled
rapid progress to be made in the gastroscopic
examination of the stomach wall. It is now
possible to diagnose stomach cancers and other
diseases with certainty. The gastroscope also
plays an important role in the investigation of
abnormal conditions of the wall of the stomach
and small intestine which have been caused by
deficiency diseases.

Co-operation between the NNRI Nutritional
Clinic for Adults and the Technical Services
Department of the CSIR has resulted in the
development of an apparatus for cutting 4 mm
sections, suitable for use in the gastroscope
camera, from normal colour film. This enables
32 colour photographs of the stomach wall to
be taken during one investigation. These photo-
graphs can be intensively studied later.

Food science and
technology research
department

Composition of South African foods

Wild fruits, and also the edible leaves, seeds
and tubers of many wild plants, play an im-
portant role in the diet of the rural non-Whites.
The Division of Food Chemistry of the Institute
continued its investigation into these veld foods.

The Division co-operated with a research
group of Harvard University, USA., which is
at present engaged on a study of the !Kung
Bushmen in the Dobe area of Botswana,
in analysing about 60 samples of veld foods
eaten by the Bushmen. With the co-operation
of the State Museum in Windhcek, the Division
analysed samples of 18 varieties of edible wild
fruits and tubers obtained in the Kaokoveld.

For the purpose of the dietary study, which
forms an important sub-division of the nutri-
tional status survey carried out in Vendaland,
about 270 food samples were collected and
analysed. Data on the nutrient content of these
foods are necessary for the quantitative evalua-
tion of the nutrient intake of the group which
was studied. The Vendas make extensive use
of earthenware pots for the preparation of their
food and a comparative study of the iron con-
tent of the same type of foods prepared in
earthenware and iron pots was made. The
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results indicate that the iron content of food
prepared in earthenware pots is often appre-
ciably higher than that of food prepared in
iron pots. The iron content of the heer in
particular was rather high.

Mealies

Various aspects of the utilization of mealies
were investigated in work sponsored by the
Mealie Industry Control Board. Assistance was
rendered to the Agricultural Faculty of the
University of Stellenbosch in connection with
the breeding of an “opaque” type of mealie
which contains protein of higher quality than
do normal types of mealie. Chemical and
physical changes which occur in mealies and
mealie-meal during storage under different
climatic conditions were investigated. A funda-
mental investigation into processes for preparing
pre-cooked mealie-meal was begun. This pro-
ject forms part of a more general research
programme for investigating the industrial pro-
cessing of mealies for human consumption.

Unmalted kaffir corn for brewing of Bantu beer

At the request of the Mealie Industry Control
Board, research was carried out on the process-
ing of kaffir corn with a view to obtaining
products more suitable for use in the brewing
of Bantu beer. For this purpose it was neces-
sary to prepare kaffir corn grits which complied
with certain requirements. Various processing
procedures were investigated, and test brews
carried out using some of the grits produced
resulted in the brewing of Bantu beer with an
exceptionally good flavour.

The milling of mohango

Mohango or pearl millet (Pennisetum
typhoides), which is the staple food of the
Ovambos of South West Africa, is one of the
oldest known types of grain. The Ovambos still
use the {raditional method of reducing it to a
fine meal by “stamping”, followed by passing
through plaited grass sieves. This meal is used
for making porridge and various beverages. It
was necessary to develop a simple mechanized
milling process in order to produce meal for
use in institutions such as hospitals and schools
in northern South West Africa. When the
whole grain is ground in a simple mill, such as
a hammer mill, the resulting product is bitter.
The Institute found that a very satisfactory
meal could be obtained by partially de-germing
and decorticating the grain and then passing
it through a simple mill. The extraction rate
which would ensure the production of an accept-
able produect without undue loss of vitamins was
also established. The procedure is simple and
can be applied economically in those situations
for which it was designed.

Protein research

Supplying sufficient proteins of satisfactory
quality to the steadily growing world population
has become a very serious problem. It was thus
deemed advisable to establish a research group
which would devote its attention to the utiliza-
tion of South African protein resources for
human nutrition.

The first step in this direction was the estab-
lishment, this year, of facilities for amino acid
analysis. The lysine content of a large number
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of maize samples was determined in connection
with the development of maize varieties with
proteins of high nutritional value. It is intended
to expand the research group so that both
chemical and technological aspects of protein
utilization can be investigated on a hroader
basis than is possible at present.

Soya beans

Research on the processing of South African
soya beans was continued. The object was to
determine the most effective and economical
methods of treatment to ensure the removal
or destruction of the undesirable antitryptic
factor and bitter substances present, in the
manufacture of a meal with a high food value.
Soya meal is a major component of the food
supplement which has been developed in the
Institute and it can play an important role in the
campaign against malnutrition in South Africa.
The determination of protein values by means
of test animals ig time-consuming and expensive.
Protein evaluation by means of micro-organisms
was therefore investigated, with a view to using
this method for determining the protein quality
obtained by applying various processing pro-
cedures. The results obtained, using the organ-
isms Tetrahymena pyriformis W., were very
promising and are being compared with those
obtained by the conventional method using test
animals.

Flavour research

The rapid development of gaschromatographic
techniques has greatly facilitated and stimulated
research into the flavouring substances in foods.
During the past few years a flavour research
section of the Division of Food Technolcgy has
been built up. Most of its efforts have been
focused on the flavour of ground-nuts. Know-
ledge of the nature of the substances which
combine to produce the flavour of ground-nuts
will provide an objective standard for assessing
the value of new varieties of nut and for deter-
mining the effects of processing procedures. An
investigation of the most satisfactory tempera-
tures for drying ground-nuts artificially after
they have been removed from the ground has
shown that these should not exceed 40°C.
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Microbiological
Research
Group

Bantu Beer sourings

In the manufacture of Bantu Beer spontan-
eous souring is often effected by maintaining a
suspension of kaffir corn malt in water at 48°-
50°C for some hours.

Industrial malts can be divided into two
groups on the basis of their ability to produce
acid spontaneously at 50°C: slow-souring malts
which produce small amounts of acid, and quick-
souring malts which produce 2-3 times as much
acid under the same conditions.

Microbiological studies showed that spon-
taneous souring with slow-souring malts was
brought about by Pediococcus sp. and Bacillus
coagulans. In sourings with the quick-souring
malts, Thermobacteria (Lactobacillus delbrueckii
or Lactobacillus leichmannii) developed in addi-
tion to the above-mentioned organisms,

Thermobacteria proved to be the most degir-
able souring organisms. However, apart from
the absence of Thermobacteria from the slow-
souring malts, even quick-souring malts did not
contain sufficiently large numbers of Thermo-
bacteria to bring about good souring. They
were also not evenly distributed in the quick-
souring malts.

Spontaneous souring has, therefore, proved
to be not only inefficient but also a highly
erratic and industrially undesirable means of
acid production. At present attempts are being
made to control the souring process through
the use of specially selected cultures as inocula.

Ochratoxin

Investigations into the production of ochra-
toxin have been continued. It has been estah-
lished that Aspergillus ochraceus has a highly
specific need for glutamic acid in the synthesis
of this compound. The influence of this amino
acid on the biosynthetic processes is, however,
indirect.

The activity of the tricarboxylic acid cycle
has also been measured under different nutri-
tional conditions.

The preparation of radio-actively lahbelled
ochratoxin has also progressed. Carbon-14 has
been incorporated from the following substrates:
phenylalanine, acetate-1-C-14 and formiate-C-14.

Cyclopiazonic acid

A synthetic medium was developed in which
a strain of Penicillium cyclopium produced
cyclopiazonie acid, with yields in the region of
800mg per litre. Radio-active tracer studies
showed this compound to be biosynthetically
derived from tryptophan, acetic acid and meva-
lonic acid. TIonic zinec and iron are required
for its synthesis. In the absence of either of
the two metals, a new metabolite, which is
structurally related to cyclopiazonic acid, and
which has been designated f-cyclopiazonic acid.
was found to form. Sixty per cent of the radio-
activity from a sample of C-14-labelled j-cyclo-
piazonic acid, added to cultures of Penicillium
eyclopium grown in a complete medium, was
incorporated inlo cyclopiazonic acid per se,
thereby establishing the role of the -com-
pound as a precursor of cyclopiazonic acid.
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THE NATIONAL

PERSONNEL

T}IE optimum utilization of labour resources is

of the utmost importance in South Africa
with its acute manpower shortage, especially
in respect of skilled labour. For this reason,
the National Institute for Personnel Research
(NIPR) devotes considerable attention to this
problem, and there is hardly a sector of industry
which has not benefited to some extent from
its work.

In any work situation there are cerfain
factors directly affecting the worker’s produec-
tivity and happiness. The NIPR is concerned
with these factors, which include the following —

@ definition of the characteristics of work,
i.e. the physical and psychological de-
mands on the worker, a description of
the job, the value of a specific task in
relation to others and the performance of
duties

@ selection and placing of the right man in
the right job (by means of aptitude tests,
interest tests, and others) and giving him
the necessary training

® improvement of working conditions and
equipment in order to suit the task to
the worker and to eliminate unnecesary
strain, fatigue and risk

@ studies of the socio-psychological aspects
of work, e.g. manpower shortages, human
relations in the work situation, work
motivation and the worker’s attitude fo-
wards his job, his fellow-workers and his
superiors

® investigating problems arising from mal-
adjustment to work, e.g. absenteeism,
accidents, occupational disorders and
group conflicts.

Significant organizational developments

Traditionally the mathematical and statistical
activities of the NIPR have been combined in
one Institute division, latterly known as thal
of Mathematical Psychology. When the link-up
of the NIPR and the computer system of the
University of the Witwatersrand took place, it
became clear that this division should devote all
its time to computer work, in order to improve
the computer services to research divisions and
to develop new computer applications suitable
for NIPR research.

At the same time, it became clear that the
more basic mathematical problems dealt with
by the Institute were beginning to show a
distinet bias towards psychometrics — a deve-
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lopment which is not surprising, since this is
one of the areas in which industry, universities
and private practitioners look to the NIPR for
instruments and for guidance in their use.

Consequently, the division of Mathematical
Psychology has been reconstituted as a com-
puter division, and its activities in the fields
of consultation and research have been trans-
ferred to an enlarged unit specializing in psy-
chometric methods. This unit falls under the
Psychometrics Division.

A further organizational development has been
the egtablishment, at the South African Scientific
Liaison Office in Cologne, of a psychological
testing service to assist with the recruitment
and selection of prospective CSIR research staff
from the Continent and the United Kingdom.
The appointment of an experienced NIPR staff
member to work in this sphere should more
than justify the costs involved.

Requests for assistance

It is now the policy of the NIPR to channel
its activities rather more towards directed basic
research than it has done previously and thus
not to invite sponsored work which offers little
scope for original research. Nevertheless, a
considerable number of requests for assistance
were received. A total of 111 enquiries from
within the Republic were dealt with. Of these,
18 per cent were directly related to the white
labour foree while 33 per cent were directly
related to non-white labour.

There was a significant increase in the num-
ber of enquiries from foreign countries, especially
other African states. The total of 48 enquiries
included some from Zambia, Swagziland, Lesotho,
Rhodesia, Botswana, the Congo, Malawi, Tanza-
nia, Ghana, Senegal, the United Kingdom, the
United States of America, Israel, the West Indies,
Switzerland and Syria. Special efforts were made
to meet requests for assistance from neighbour-
ing states and, where the NIPR was unable to
assist, the enquiries were referred to other
South African organizations.

Recently completed research

A decade of NIPR studies of Kalahari Bush-
men, which centred around the development
of cognitive functions, especially conceptual
thinking, in primitive peocples, was concluded
with the completion of a chapter on psychologi-
cal studies of the Bushmen, which is to form
part of a book entitled Studies on the biology
of the Bushmen. This book is being pubished
by the Witwatersrand University Press under the
editorship of Prof. P. V. Tobias. Its purpose is to
provide a record of the research undertaken under
the auspices of the Kalahari Research Committee
and of the results obtained during this research.
The chapter supplied by the NIPR contains a
synopsis of observations on Bushman behaviour;
a discussion of the methodological problems
encountered in an experimental approach to

investigating the psychology of the Bushmen
(and other illiterate people of indigenous cul-
tures) and attempts made by the NIPR to
solve these problems; brief descriptions of all
36 tests and experiments applied to Kalahari
Bushmen; a discussion of the results of these
experimments and their implications for compara-~
tive and developmental psychology, and for
certain psychological theories; and, finally, sug-
gestions for further research and for the
application of some of the knowledge gained
to the future development of the Bushmen.

This work plays an impertant part in the
cross-cultural research programme of the NIPR.
The Kalahari experiences have led fo the con-
struction of test instruments applicable to cross-
cultural studies, and to the clarification of prob-
lems concerning the development of cognitive
functions, particularly coneceptual thinking, not
only in the Bushman but in illiterate Bantu
or “undeveloped” people in general.

The tests have been included in the test
battery designed for the contribution made by
the NIPR to the Human Adaptability Section
of the International Biological Programme.

The project leader undertook an overseas tour
during the year, and found that there was
very keen interest in the NIPR’s cross-cultural
studies; he was asked to report on them in
some detail.

The study of the effects of ante-natal decom-
pression treatment on the mental development
of infants up to the age of three years was
completed with the publication of the psycholo-
gical and neuro-psychological results. In the
psychological study no meaningful differences
were found hbhetween the mental development
of 89 children born after decompression treat-
ment and 90 children born after conventional
ante-natal care. In the neuro-psychological in-
vestigation, mo difference in electro-cerebral
maturation (as measured hy the electroence-
phalograph) between the experimental and
control groups was found, although the in-
cidence of EEG in the control group was slightly
higher.

This study has aroused much interest both
in South Africa and overseas, and a senior
member of staff has been invited to present a
paper at a symposium on intra-uterine experi-
ence during the International Psychological
Congress in London in 1969.

After long delays in the reproduction of the
NIPR’s courses in programmed mathematies for
the National Technical Examinations, these have
now bheen completed, and follow-up studies have
confirmed that the programmes can play an
important part in mathematical training in
several sectors of the nation. What remains
to be done is largely of a routine and adminis-
trative nature, such as the preparation of an
Afrikaans version and further follow-up studies
of special applications of the programmes.
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Three year old child being tested during

investigation into the effects of mater-

nal ante-natal decompression treatment
on infant mental development

Test construction

Test construction continued to receive a lot
of attention. Both English and Afrikaans ver-
sions of a general selection test battery for
use as an admission test to graduate business
schools in South Africa was completed. The
battery is now being standardized and several
universities are collaborating in, this task.

Another project concerned with the psycholo-
gieal testing of high-level manpower is the
attempt to standardize the creativity tests of
the NIPR. This is a complex task, but con-
siderable progress has been made in developing
standard scoring methods for some of the tests.

Most of the testing needs of industry still
relate to the lower occupational levels, and
developments in this sphere aim at providing
the NIPR with a repertoire of tests applicable
to South African Bantu through the whole
range from those still at the tribal level to
established urban industrial workers. A number
of new tests in the cognitive field were com-
pleted. The need for tests to assess the per-
sonality of the Bantu is rapidly becoming more
urgent as they advance in a modern, indus-
trialized society. Good progress was made in
constructing tests for this purpose and field
applications were carried out in Zululand during
the year.

Human factor in road safety

At the request of the National Institute for
Road Research the human factor in road safety
is being investigated. Studies carried out in

Subject responding to projective test of
personality (T AT) by creating a story

the NIPR resulted in the decision to limit the
present research to an investigation of road signs
on 460 miles of tarred roads in the Transvaal.

The NIPR project has been based on the
preliminary hypothesis that, instead of accepting
the warnings, commands or information pre-
sented by road signs, the road user prefers to
draw his own conclusions from his observations
of the road, and to use them, rather than the
signs, as a basis for his actions. Testing this
hypothesis entails working through three stages,
the first of which is the ‘“rationale of the
signs”. This means investigating what the road
authorities conceive to be the function of road
signs, and the degree to which there is a
definite and uniform policy behind their placing.
Furthermore, it involves an investigation into
what actually is communicated by the road
sign system as it is understood by key per-
sonnel in the Transvaal Roads Department. This
part of the project has been completed.

The second stage, which is at present in pro-
gress, is ‘“the view of the road user”. This
involves a critical examination of all the road
signs within the area and surveys of samples
of the road-using public. The purpose of these
surveys is to find out whether road users find
the signs so reliable that they make a habit
of altering their driving in response to them
(without being influenced by any other infor-
mation from the road itself), or whether they
tend to ignore the signs and, if so, to what
extent.
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Neuropsychological research

During the year a Mnemotron 400¢ Computer
of Average Transients (CAT) was acquired.
This device, together with the magnetic storage
equipment obtained previously, put the Institute
in the forefront with regard to neuropsycholo-
gical and electro-physiological facilities in the
Republic. The apparatus was put to immediate
and intensive use, and facilitated the more re-
fined analysis of EEG and other neuropsycholo-
gical data.

The final report on a project on the EEG
in 21 cases of heat stroke was submitted to
the sponsor. Amongst other conclusions, it was
noted that there is a very high incidence of
EEG abnormality in heat stroke, especially soon
after its onset. In those cases that survive,
the incidence of abnormality is lower but may
rise again after one month or more. It was
recommended that, infer alia, animal studies
of brain function in experimental heat stroke
should be carried out in an attempt to obtain
further information on the significance of the
findings of the study. Such animal studies were
started during the year in collaboration with
the Pneumoconiosis Research Unit of the CSIR,
the Human Sciences Laboratory of the Chamber
of Mines, the South African Institute for
Medical Research and the Johannesburg Hos-
pital. Results obtained so far suggest that the
EEG, together with the EKG, might prove to
be a useful method of detecting the time of
onset of neurological and/or neurophysiological
changes accompanying or even preceding the
onset of the clinical symptoms of the illness.

Training of supervisors

A study has been initiated to develop a super-
visory training manual for front-line supervisors.
When this manual is being developed, it is in-
tended to extend the training to cover aspects
which have a bearing on successful supervision
but which are not sufficiently covered by present
training methods. In addition, use is being
made of the programmed instruction method
to permit the standardization of instructions,
the application of learning principles, self-
instruction and individual pacing.

The study is being undertaken in a factory
producing light electronic equipment. The avail-
ability of efficiently-kept production records
provides an opportunity for measuring the
effects of training more accurately than usual.

Work carried out so far has indicated the
need for supervisory training programmes in
the following spheres —

@® personnel management for supervisors

@ induction of new employees

@ job instruction

® human relations.
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Bantu in urban and border industrial areas

In conjunction with the Department of Plan-
ning and the Industrial Development Corporation
the Institute is conducting a long-term com-
parative study of the stability and productivity
of the Bantu labour force in an urban and a
border industrial area. Field work was carried out
in 1967 in an organization which had branches
in both urban and border areas, branches
which, for all practical purposes, were com-
parable in respect of management, production
methods and composition. Comparative results
between the two factories seem to reveal in-
teresting differences but no final conclusions
can be drawn as yet. During the current year
a study has been made of two more textile
factories which are larger than and which manu-
facture different products from those studied in
1967.

Personnel selection and vocational guidance

The demand for these services continues to
be great, and as a result, the division respon-
sible finds itself compelled to concentrate on
applied service functions rather than on re-
search. During the year, numerous operational
surveys were conducted, selection techniques
were established, and training was given in
test administration. A large variety of com-
panies, mainly in the secondary manufacturing
section, was served in this work.

Apprentices in the building industry

After an enquiry in 1963 into the attitudes,
opinions, grievances and dissatisfactions of
artisans in the building industry, substantial
improvements in the service conditions of
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artisans and apprentices were introduced. In
spite of this, the number and quality of appli-
cants for apprenticeships remains unsatisfactory.

On hehalf of the National Development Fund
for the Building Industry, the NIPR is con-
sequently undertaking an enquiry into the
attitudes of building industry employers towards
the recruitment and training of apprentices.

A questionnaire was sent to the largest pos-
sible number of employers to obtain factual
information as well as information on attitudes
and opinions. A report on this part of the
work has been submitted. Interviews are now
being conducted to explore the reasons under-
lying the attitudes and opinions expressed by
employers regarding the recruitment and train-
ing of apprentices. It is also hoped to obtain
opinions and suggestions for alternative means
by which the sgkilled manpower shortage in
the industry may be alleviated.

The postal survey revealed that, in general,
building industry employers seemed to lack in-
‘terest in the recruitment and training of appren-
tices. Another finding was that the majority
of employers believed that increased wages
would attract a better type of apprentice, par-
ticularly if higher wages were paid to those
with" higher educational qualifications.

Bantu workers in secondary industry

The Institute had for some time been consider-
ing an investigation into the job expectations,
job attitudes and motivation of Bantu workers
in secondary industry when it became evident
that the Bantu Wage and Productivity Associa-
tion was keenly interested in such a study.

The Association through its member firms,
made subjects available for a study of this
nature and contributed towards it financially.

Since the project is being undertaken on behalf
of a nation-wide association of employers of
Bantu workers, the {findings will be widely
publicized. Every effort will be made to make
the report to the sponsors as pragmatic as
possible, by emphasizing those findings which
can. be shown to have a practical bearing on
work performance.

International Biological Programme

The NIPR was actively engaged in the activi-
ties of the Human Adaptability Section of this
programme which entered its first year of active
field work. The Director is convener of the
South African Human Adaptability Committee,
and the Institute is represented on the inter-
national working party established to recom-
mend standard practices for psychological
measurement.

_ The Institute’s own projects in the South
African multi-disciplinary study of human adap-
tation has been closely integrated with the rest
of its research programme. It has undertaken

to investigate the primary mental abilities of
the Bantu in cultural transition from an
illiterate-rural to a literate-urban or westernized
background. A battery of sixteen cognitive
tests have been compiled for administration to
the Venda people in the Northern Transvaal.
In addition, a schedule with which to measure
the extent of urbanization (acculturation) of
the subjects to be investigated in the study
has been formulated. Instruments have also
been developed for assessing work motivation,
needs and aspirations in the groups selected.
Apart from their intrinsic scientific value, the
findings of this project should be of practical
value to government authorities as well as to
employers of Bantu workers.

Selected Publications

BLIGH, N. A comparative study of visual and
auditory responses in two ethnic groups. MA
thesis, University of the Witwatersrand, 1968.

BROWNE, M. W. On oblique Procustes rotation.
Psychometrika, vol. 32, 1967, pp. 125-132.

COWLEY, J. J, GRIESEL, R. D. and THOMPSON,
M. A. Food restriction in Zulu women during
pregnancy and the puerperium. Hith. Educ. J.,
vol. 27, 1968, pp. 23-35.

DE WET, D. R. An appraisal of sensory-motor
activities. Psychologic Africana, vol. 12, no. 1,
1967, pp. 17-41.

FRIEDLAND, E. E. C. Selfvertroue soos gemeet op
die Willemseplank. MA thesis, University of
Pretoria, 1967.

GRIESEL, R. D. Adaptability and malnutrition. S.
Afr. J. Sei., vol. 63, no. 11, 1967, pp. 457-463.

GRIESEL, R. D. Electronics and the human brain,
Radio Z8, vol. 21, no. 6, 1967, pp. 10-13 and 28.

LIDDICOAT, R. The effects of maternal antenatal
decompression treatment on infant mental deve-
lopment. 8. Afr. med. J., vol. 42, 1968, pp. 203-211.

NELSON, G. K. Race, culture and brain function.
Institute for the Study of Man in Africa, Johan-
nesburg, 1967.

READER, D. H. The sociology of alecoholism and
excessive drinking. A critical review. Medical
Proceedings, vol. 13, no. 19, 1967.

SKAWRAN, P. R. Der Dasup und die Universitit
von Pretoria. Referat, vol. 1, 1967.

SKAWRAN, P. R. Konformistische und nicht-kon-
formistische Handschriften. Zeitschrift  fiir
Menschenkunde, vol. 31, no. 2, 1967, pp. 57-81.

SKAWRAN, P. R. Vom Sterben und vom Tode.
Gespriche/Gesprekke, 1967.

VORSTER, D. J. M. Personeel en produktiwiteit.
Business and Administration, June 1967.

WINTER, W. L. Size constancy, relative size estima-
tion and background: A cross-cultural study.
Psychologia Africana, vol. 12, no. 1, 1967, pp.
42-H8.

56 CSIR Annual Report 1968



-

THE N
RESEA

SICAL
ORY

E main function of the National Physical

Research Laboratory (NPRL) is to contri-
bute to the development of physical science in
the Republic through research aimed at the
adaptation of existing knowledge as well as the
discovery of new facts for the solution of
technological and industrial problems of national
importance. In addition the NPRL has statutory
responsibilities for maintaining national stan-
dards of physical measurement for mass, length,
electricity, radiation, ete.

Physical research and technology cover a
very wide spectrum of scientific endeavour. In
a country like the Republic, with its limited
resources, it is impossible to cover every type
of important work. The choice of our research
and technological development programme must
therefore be very carefully made, and the prin-
ciple we have followed in choosing research
projects — which has up to now paid divi-
dends — has been that before any research
is undertaken, there must be a definite need
for such research. For example, in 1948 scien-
tific knowledge concerning the intelligibility of
speech in halls, churches, etc., was still in its
infancy. Fortunately, one of the first divisions
of the Laboratory to be founded was the
Acoustics Division. The staff of this division
gave their attention to the problem involved in
achieving optimum intelligibility in halls. This
research produced very satisfactory results and
the acoustics of most halls ecan now be predicted
from the building plans. When the acoustical
properties of complicated structures have to be
assessed, models of the structures have been
found most useful in solving the problems in-
volved. Many organizations in the Republic now
make regular use of NPRL scientists as acoustic
consultants.

The facilities at the NPRL cater for the most
essential needs of the Republic in the sphere
of the physical sciences and, within the NPRL,
groups of research workers form nuclei of
research man-power in the following fields:
optics, mnuclear physics, solid state physics,
acoustics, spectrochemistry, infra-red spectros-
copy, electron microscopy, geophysics, electron
spin resonance, geochronology, oceanography,
high pressure physies and natural isotopes.
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Apparatus

Research vessel — The NPRIL: research vessel,
the Meiring Naudé, was commissioned during
May, 1968, and has satisfied all design specifi-
cations. The anti-roll tank reduces the roll of
the ship to less than five degrees in eighteen-
foot waves.

Extension to buildings — Some of the rooms
of the new eastern wing of the main NPRL
building, in which the Natural Isctopes and the
Geophysics Divisions are to be housed, became
available for use in August, 1968, The Natural
Isotopes Division has installed two small special-
purpose mass spectrometers for the analysis of
the stable isotopes D, Ct3, N5 and O,

Nuclear physies instrumentation — The cyclo-
tron has now been converted to a fully variable
energy machine capable of accelerating protons
from 5-14MeV, deuterons from 8.5-16MeV and
alpha particles from 17-32MeV.

Two 4096 channel analyzers have heen
acquired to facilitate and improve data handling
for experiments on the cyclotron, and for use
in nuclear chemistry, Money has also been made
available for an on-line computer for experi-
ments on the cyclotron.

Single crystal diffractometer — The auto-
matic single crystal diffractometer has hbeen
installed and is now in operation. This instru-
ment is used to collect the thousands of intensi-
ties needed to allow structure determinations
to be accurately performed.

The first structure obtained from data col-
lected on the instrument indicated a fivefold
improvement in intensity accuracy and gave

atomic positions accurate to 0.003A. The
instrument is expected to double the output
of structure determination, with an improvement
in positional accuracy of at least a factor or
two. The following structures have been deter-
mined:

Intermetallic compound CoGd,
Potassium iodide - 2 diacetamide complexes

Calcium dibromide — 4 diacetamide com-
plexes

Nitroso free radical

Phragmalin (the largest molecule, contain-
ing 4Y atoms, ever determined in South
Africa)

Data have also been collected for three
other structures.

X-ray direct electron excifation apparatus —
Because of the rapid development in the tech-
nology of the diffraction and measurement of

soft X-rays during the past few years it has
become possible to measure the X-ray radiation
from light elements (sodium to beryllium).
Direct electron bombardment of the sample is
used to exeite this type of radiation. This
technique is also of value for the analysis of
the heavier elements. A primary X-ray spectro-
meter was recently purchased to enable the
Institute to carry out research in this new field.

Stress-strain machine -— A machine capable
of deforming metal single crystals or other
materials at very precise operational rates —
from .005¢m/minute to Scm/minute — was
recently installed in the laboratory. Push-
button control permits the crosshead speed to
be changed instantaneously to any of the four-
teen speeds within the operational range of the
instrument. Its ability to alter the strain rate
instantaneously by orders of magnitude makes
this instrument a very important asset in the
study of dislocation dynamics in materials.

Thin film technology — In optical technology
and instrumentation thin film technology is
playing an increasingly important role. This
is due to the fact that mirrors as well as band
and edge Ifilters of high performance for any
part of the optical spectral region can be manu-
factured by these techniques. By a suitable
choice of materials, such high-quality optical
components can also be manufactured with the
desired mechanical and chemical stabilities.

The most suitable manufacturing method in-
volves the stacking of a number of thin layers
of different dielectric materials by evaporation
under vacuum. In this process, the evaporation
conditions, as well as the thickness of the films,
must be subjected to very close control.

To establish this important technology in
South Africa equipment and technological know-
how were obtained from one of the leading
firms in this field. Two large vacuum coating
plants were installed and put into operation in
the Laboratory. These units have a working
area of approximately T00mm in diameter.
Owing to the high pumping speed, they can
be evacuated to pressures of the order 1 x
10-%torr and 1 x 10-%torr within 30 and 60
minutes respectively, and maintained at these
pressures even when heated evaporation pro-
cesses are used. This basic equipment will be
invaluable for further development work in thin
film technology.

Mask photomefer — An apparatus has heen
developed for the accurate measurement of the
light intensity, luminous flux and colour char-
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acteristics of lamps. It has been designed
specifically for the determination of the light
characteristics of discharge and fluorescent
lamps. The design is such that the theoretical
requirements of measurement are more closely
adhered to than those of conventional corrected
photocell instruments. The design is based on
a double Ebert dispersion system with gratings
and slits in a common focal plane. Masks of
a suitable form dependent on the spectral cor-
rection requirements can be placed in the
spectral plane.

Important Research
Results

High-speed photography of pulsed laser inter-
action with solid matter — The light from a
solid state laser can be focused on a very
small spot. The high power-density of this
light is such that virtually any known material
may be vaporized at such a spot, thus making
it possible to carry out spectral analysis of
very small areas. In order to improve this type
of analysis, however, more knowledge is re-
quired of how the material is vaporized and
how characteristic light is radiated from the
vapour. Studies were made of photographs
taken with a high-speed rotating mirror framing
camera, which was synchronized with the laser
flash. The flash duration was 140 millionths of
a second and during this time 9 photographs
were taken.

These studies have enabled the velocity of
the particles and the temperature of the cloud
to be calculated. A camera with a higher reso-
lution has recently been purchased to enable
even more detail to be obtained.

Age determination of ground water — Some
30 ground water samples have been collected
in the semi-arid regions of Southern Africa. As
facilities in the NPRL were not yet available,
the radio-carbon ages were determined in
Groningen, Holland. The ages were found to
vary from 0 to 30,000 years, indicating that
much of the water was not of recent origin.
In one case, west of Olifantshoek, in the North-
ern Cape, the samples increase in age from
East to West, indicating an underground flow
rate of 40 metres per year.

Two-species model — The melting of most
substances involves an increase in volume. In
several cases, however, a good example of which
is ordinary ice, the process of melting involves
a decrease in volume. Recent high-pressure
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Electron micrographs of the surfaces of three lead sulphide
photo detectors. (1 mm = 0.222). The structure needed for a
high degree of conductivity is evident

No photo-conduction signal

High photo-conduction signal and
high noise level

High photo-conduction signal and
low noise level
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studies have enabled many additions to be made
to the list of substances known to melt anoma-
lously. Until recently this phenomenon could
not be explained. The NPRL has now estab-
lished a two-species model which proved that
the liguid in such cases consists of a mixture
of two different structural species, one of which
corresponds closely to the normal solid phase,
and the other to a much denser solid high-
pressure phase. This can be used to predict
many properties of the liguid at atmospheric
pressure and elevated temperatures.

Nuclear reaction mechanism and nuclear
spectroscopy — Investigations completed during
the last year have contributed to the better
understanding of both direct and compound
nuclear reaction mechanisms. A study of angular
distributions in (d,d) and (d,p) reactions on
lead-208 at energies above and below the
Coulomb barrier have shown that it is possible
to reduce the ambiguities in the optical model
description of the inelastic scattering of com-
plex particles such as deuterons. The description
of (o, 2ny) reactions by the statistical model
was subjected to a stringent test by measuring
the relative yields of gamma particles in nuclear
systems which are nearly identical from the
point of view of the statistical model. The
experimental results for the nearly identical
even-even hafnium targets are quite different
however, casting serious doubt on the validity
of the assumption of the statistical model,
especially those bearing on the gamma cascade.

Measurements on prompt gamma rays and
conversion electrons were also used to obtain
a level scheme for the important gadolinium-146
nucleus, which is a member of the N — 82
isobaric chain, as well as for the gadolinium
isotopes which span the region of spherical and
permanently deformed nuclei.

Architectural acoustics — A major difficulty
in the acoustical design of enclosures mainly
intended for musical psrformances is caused
by the fact that one is dealing with an art
form. This means that there is a considerable
divergence of opinion with regard to what design
criteria must he followed to ensure good musical
acoustics. In addition, these criteria are nor-
mally described in vague and sometimes ambi-
guous terms such as “warmth”, “clarity”, “bril-
liance”, “harshness”, “fullness’”, ‘“thinness”,
“transparency’” and “coldness”, to name but a
few. It is the task of the acoustician to relate
these subjective terms to physically measurable
quantities. In the course of a current research
project a relationship has been found between
the spatial impression (the impression of “full-
ness” of sound) and the distribution of early
side-wall reflections in a hall. The recognition
of this relationship will be useful in determining
the optimum shapes of concert halls and opera
houses. The fact that these early reflections
also contribute to the intelligibility of speech

Transmission

micrograph of a

sodium chloride crystal, coloured

by the addition of metallic sodium,

after irradiation with high-power

ruby laser light. The dislocations

are clearly visible as fine dark nets
in the beam path

means that the hitherto considerable gap be-
tween design criteria for halls intended for
speech and those for music has been lessened.
These research results should find useful appli-
cation in two major projects currently under-
way, viz. the acoustics of the opera houses to
be erected by the Transvaal and Cape Provincial
Administrations.

Low energy electron diffraction (LEED) —
LEED is the only technique which makes it
possible to determine in detail the manner in
which atoms are arrangsd in surfaces. This
information is a basic prerequisite for an under-
standing of surface pheromena and, for this
reason, research on LEED pattern interpretation
is sponsored by SASOL.

A multiple-scattering theory has been deve-
loped which, for the first time, allows patterns
to be calculated which agree with those obtained
in experiments, and this indicates that the deter-
mination of surface structures will be possible
in the near future. The theory has been tested
on the LEED patterns from the (III) surface
of nickel. This work resulted in an invitation
to present a report on it in June, 1968 at the
Fourth International Symposium on Materials
at Berkeley, California, USA, where it was
enthusiastically received.

Interaction of high-power laser radiation with
ionie erystals — The high-power output radiation
from a Q-switched ruby laser is known to inter-
act strongly with absorbing materials such as
metals. Recent investigations at the NPRL have
shown that such high-intensity laser light can
also interact strongly with transparent ionic
crystals.
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Various erystals, preponderantly sodium
chloride, were coloured with colloidal sodium
metal. This colouring improves the interaction
of the ruby laser light with the crystalline
material. If the very intense laser light is
focused on the surface of such a crystal, an
evaporation crater is formed, while the light
path through the crystal is characterized by a
change in colour. Closer examination with a
microscope reveals that the dislocations (special
types of crystal defects), which cannot normally
be observed directly, have now heen rendered
visible along the beam path. Furthermore, when
the crystal is cleft through the beam path,
microscopic cavities are observed in the beam
path. These cavities are probably due to the
fact that the colloidal sodium metal is redis-
persed into the crystal lattice by the intense
laser light, leaving behind these vacant sites.

Study of flames — Atomic absorption spectro-
metry is an established analytical technique.
Unfortunately the low-temperature flames gen-
erally used cannot dissociate the refractory and
stable compounds formed. A study has been
made of the various flames which can be used
to reduce the formation of metallo-molecular
species, as well as of the processes in the flame.
High temperature flames, such as the nitrous
oxide/acetylene flame, although giving much
greater freedom from interference by molecular
formation, often cause the excessive ionization
of the analytical element atoms, which can be
troublesome. Attempts have been made to deve-
lop a flame which can be used for a wider
range of elements and which can help create

optimum conditions with regard to sensitivity
as well as freedom from interference. By diluting
the main oxidizing gas (nitrous oxide) with air,
it is possible to vary the temperature between
that of the nitrous oxide/acetylene (2975°C)
and that of air/acetylene (2150°C) and so select
the most suitable temperature. Experiments
have also been conducted to study the effects
of diluting the flame with nitrogen and argon.
Use of these flames could help to overcome com-
pletely many interference effects, especially
those influencing the alkaline earths such as
phosphorus on calecium, and iron on strontium.
This work is continuing.

The surface effect in plastic deformation —
Recent research has established that the flow
stress is smaller in the surface region than in
the interior of a crystal. This surface effect in
plastic deformation occurs in a region starting
at the surface and ending at about 2Zmm below
the surface of a single crystal. This plastic
strain exceeds that in the central core by about
1 x 105, but can become an important factor
in fatigue failure after a large number of cycles.
This discovery is an important contribution to
our basic understanding of plastic deformation.

The evaporation of water — A study of the
physical principles involved in the evaporation
of water from ponds and dams is in progress.
In agreement with theories proposed in the
past, it has been found that the controlling
factors are associated with quite a thin boundary
layer of air immediately above the water sur-
face. It is for this reason that measurements
of temperature and humidity at places away
from the water surface give a rather unreliable
picture of the rate at which evaporation is
taking place. The Administration of South
West Africa is supporting this research.

Routine services
to industry

and the
Government

Cyclotron-produced radio-active isotopes —
Isotope production has been extended to the
production of isotopes with a shorter life for
local use only. An yttrium-87 — strontium-87
cow was developed to produce 2.8 hour stron-
tium-87 from yttrium-87. The strontinm-87 is
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used for locating tumours in bone and a proto-
type cow has been made available to the Karl
Bremer Hospital in Bellville.

For isotopes with a longer life, such as
sodium-22, beryllium-7, cadmium-109 and stron-
tium-85, the demand is still growing very fast
but, owing to improvements in production tech-
niques, only 25 per cent of the cyeclotron time
is required to cope with the increase in demand.

Primary X-ray dosimetry — Now that the
characteristics of the large free-air ionization
chamber have been measured, an absolute stan-
dard in the energy range of 50-300kV is avail-
able in South Africa. It has already been used
for the calibration of sub-standard dosimeters
used by the major hospitals.

Oil spill — Research along the Natal coast
during the past two years has indicated that
the reversal of currents experienced at Durban
is due to eddies formed in the wake of the
meandering Agulhas current when cold fronts
pass over those areas. During the “World
Glory” disaster an eddy of sixty miles diameter
was formed.

With the aid of a whale-spotter aircraft, the
circular striations of heavy slick which had
formed as a result of the eddy, could clearly
be followed and plotted. This eddy brought the
oil almost to the coast at Durban, which served
as a dramatic indication of the importance of
further oceanographic research along the Natal
coast.

Scientists of the CSIR stationed in Durban
were directly involved in the operation to clear
the seas around Durban from oil which had
spread as a result of the “World Glory” dis-
aster.
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Mr J. Hers, Acting
Director of the
Republic Observatory

THE Republic Observatory is not limited in

function to pure research in the field of
astronomy in particular, but also performs
duties of a civil nature, such as the mainten-
ance of the national time service. This service
is rendered to the public by means of the time
signal and standard frequency transmitters. In
addition, these signals are distributed by land
line to the Post Office, the SABC and other
institutions.

The principal long-term programmes of the
Observatory comprise observational and theore-
tical research in the field of visual double stars
(a field recently extended to include eclipsing
binaries) and photographic observations of
minor planets and comets. For half a century,
the Observatory has been associated with these
programmes to such a degree that they have
become almost international commitments. The
programme for investigating minor planets and
comets has led to the discovery of several new
comets and more than 500 new minor planets,
many of which have been given typical South
African names like Pretoria, Transvaalia, Nerina,
Gaika, Umtata, Outeniqua, etc.

The short-term projects of the Observatory
have included the successful search for Proxima
Centauri, our nearest known stellar neighbour
apart from the sun, the detection and measure-
ment of the rotation of the minor planet Eros,
the observation of the “splitting” of Nova
Pictoris, the publication of a photographic star
atlas of the southern sky, and the preparation
of a series of colour photographs of the planet
Mars.

N 1925 the 26%-inch refractor was installed

at the Republic Observatory, and the 9-inch
telescope — the original telescope used by
R. T. A. Innes to start his astronomical obser-
vations in Johannesburg -— was relegated to

REPUBLIG
OBSERVATORY

less important work. For many years this latter
instrument was used chiefly for the observation
of occultations and for various minor pro-
grammes. In 1957 a photo-electric photometer
was fitted, and since then there has been a
steady expansion of photometric work.

The emphasis throughout has been on the
observation of photometric binary stars and
eclipsing variables, and this forms a logical
extension of the visual double star work which
has been the Observatory’s main task since
about 1907. In a close binary system, eclipses
may occur when the plane of the orbit lies in
or near the line of sight, and such eclipses
will be clearly indicated by periodic dips in the
light curve. As each of the double stars may
be eclipsed by the other, two minima frequently
occur, a primary and a secondary one. From
a detailed study of the light curve it is possible
to determine the period of the system and also
the sizes, shapes and other characteristics of
the individual stars. The periods are generally
short — of the order of a few days — indicating
close pairs which cannot readily be separated
in any other way.

The 9-inch telescope was at no time a very
gocd instrument, and its deficiencies for photo-
metry became increasingly apparent. It had
an inadequate driving system and, being a
refractor, it would not permit photometry in
the ultra-violet part of the spectrum. These
difficulties were finally overcome at the begin-
ning of 1968 when the first reflecting telescope
was installed in Johannesburg, an instrument
with a 20-inch mirror, manufactured in the
USA by Boller and Chivens. On April 19,
1968, this new instrument was officially dedi-
cated by the Minister of Mines and Planning,
Dr Carel de Wet, and it has been in regular
use ever since. It is a general-purpose Casse-
grain reflector, which uses an f/3 paraboloid
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primary mirror and a 4 inch diameter hyper-
boloid secondary mirror, giving an effective
focal ratio of £/18. Its effective dimensions are
therefore not very different from those of the
very much larger 264-inch refractor, which has
a focal ratio of £/16. Most of the rather arduous
work involved in reducing the photometric
observations has, during the past year, been
done with the aid of the CSIR's IBM 360/40
computer.

A mirror of 20-inch diameter is probably
the largest which can be justified under present-
day conditions in Johannesburg. Visual work
with the 264-inch refractor can probably con-
tinue for many years to come, but accurate
photometric work is becoming more and more
difficult, chiefly owing to the increasing pollu-
tion of the air over the city and the increasing
illumination of the night sky. During the past
vears steps have therefore been taken to find
a new site for an observatory in a more favour-
able part of the country.

Existing weather data point to the region
near the confluence of the Vaal and Orange
Rivers as having the optimum number of clear
nights. A number of tests have been commen-
ced which will, it is hoped, locate one or more
good South African astronomical sites and also
establish a sound basis of comparison between
these and similar sites in other parts of the
Southern Hemisphere.

CSIR Annual
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THE NATIONAL
INSTITUTE

FOR ROAD
RESEARCH

HE research programme of the National

Institute for Road Research (NIRR) is
strongly oriented towards finding solutions for
a wide range of problems encountered by road
and traffic authorities. Its chief aim is to
develop economic construction and maintenance
methods to ensure better and safer roads and
streets in the Republic. Fields of research in-
clude soil conditions; the stability of high
embankments; road building materials, both
natural and manufactured; the design of road
foundations; the evaluation of existing roads
and methods of improving them; bituminous
materials and road surfacings; development of
techniques and instruments for controlling road
building processes; road economies; traffic
engineering and road accidents.

The work of the Institute is done in close
collaboration with national and provincial road
authorities, the South West Africa Administra-
tion, the South African Railways, the National
Road Safety Council and industry, which, to-
gether, provide most of the funds for road
research. In addition, the Rhodesian Ministry
of Roads and Road Traffic has recently become
affiliated to the Institute and also makes an
annual contribution to research costs.

Overlays to improve existing roads

A road structure designed to carry repeated
heavy traffic loads consists of layers of differ-
ent materials which improve in quality from the
lowest foundation layer up to the surfacing.
Naturally occurring or crushed aggregates are
used in the foundation layers, and the surfacing
usually consists of a high guality erushed aggre-
gate bound with a bituminous binder. The life
of such a structure is determined by the number
of load repetitions it can bear before excessive
deformation and unevenness or cracking of the
riding surface takes place. At this stage, depend-
ing on the cause of failure, complete recon-
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struction of the road may be necessary. This
is very costly and results in considerable incon-
venience to traffic, which has to be diverted
while the reconstruction is being carried out.

An alternative method of restoring the riding
quality, which is now being used on certain
national roads in Natal, is to put down an
overlay of bituminous premix material suffi-
ciently thick to remove any local unevenness
which has developed. At the same time the
overlay improves the strength of the structure
as a whole, thus extending its life for a further
period. The construction of the overlay is a
rapid procedure, and the method is particularly
suitable where there is difficulty in providing
a suitable deviation. By this means the life of
the existing national road between Van Reenen
and Mooi River in Natal, for example, has been
extended for an estimated 10 years, which allows
time for the construction of the proposed new
national road. A similar approach is being
adopted by other provincial and urban road
authorities,.

The construction of thick bituminous bound
layers is very expensive, however, and attention
must be given to designing a layer that is as
thin as possible while still meeting require-
ments. Since there is no generally accepted
overlay design, the Institute is examining de-
signs with the object of suggesting one that
is suitable for local conditions. Advantage is
being taken of overlay construction in this
country to evaluate performance under a wide
range of conditions. This provides another
example of the co-operation between research
and engineering practice which is necessary for
the maintenance and development of the South

African road system if these are to be carried
out in the most economic and effective manner
possible.

The transportation of abnormal loads on roads

Economic factors in the industrial growth of
the Republic are involving, at an increasing
rate, the transportation of bulky or heavy
indivisible loads over the country’s roads and
bridges. This has generated a need for more
information in order to investigate such factors
as the destructive effect of these loads on roads,
methods of determining how such loads can
be safely distributed by using multi-wheeled
carriers and to formulate a rational decision-
making procedure regulating the transportation
of such loads over roads and bridges.

At the request of the major road authorities,
the Institute has been engaged in the study
of wvarious aspects of this problem, including
such factors as the flexural behaviour of roads
under abnormal loads, use of the equivalent
single wheel load concept in performance analy-
sis and wheel load distribution and the develop-
ment of a method whereby the destructive
effect of loads can be assessed and decisions
taken on whether, in a particular case, a permit
should be issued for an abnormally heavy vehicle
to make a specific number of journeys over a
given road.

In an attempt to develop a procedure to be
used by road authorities, the degrees of loading
of some abnormally heavy vehicles have been
compared, using an empirical or semi-empirical
approach, with those of the heaviest legal
vehicles, applying existing road and airfield
design and evaluation procedures. Good corre-
lation has been found between the results
obtained, using modified forms of the United
States Army Corps of Engineers and AASHO
Road Test methods and the California design
formula.

A modified form of the degign method used
by the United States Army Corps of Engineers
has been evolved and recommended for use by
the authorities, both because of its simplicity
and because it takes most of the important
variables of road design into account. A simpli-
fied formula based on this method has been
developed for use in the decision-making pro-
cedure which precedes the awarding of permits
for such loads to be transported on roads.

The effect of abnormal loads on the flexural
properties of roads was recently studied while
36 identical loads were moved between Vereeni-
ging and Vanderbijlpark. Measurements made
in the field included in situ measurements of
deflection, precise levelling, visual inspections
and a study of possible changes in elastic pro-
perties. This study provided a valuable oppor-
tunity of checking the recommendations on the
transportation of abnormal loads.
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Dynamic test method for road
and airfield evaluation

In the course of the last few years it has
become increasingly evident that conventional
static loading tests alone do not provide all
the information required to assess the quality
and condition of an existing road or airfield
runway. Moving traffic imposes impulsive load-
ing on a road surface which can be better
simulated by impulsive test loading or by the
application of vibrational forces. The Institute
has been engaged for some years on a research
programme aimed at wunderstanding the be-
haviour of soil layers, road foundation layers
and the road as a whole under vibrational load-
ing. More recently, an analysis was carried
out of behaviour under impulsive loading simu-
lating the passage of a single heavy wheel load.

In the course of this work two experimental
techniques were used: the wave-propagation
method (pioneered by Jones in the United
Kingdom) and the impedance measurement
technique, which has been developed and ex-
pleited especially in this Institute. The two
techniques provide complementary data and, if
used together, can give very full information
which can now be interpreted in a meaningful
manner for the road engineer as a result of
the Institute’s work on the theory of dynamic
testing. From such measurements on a road
or airfield runway it is mostly possible to
calculate the dynamic stiffness of the construc-
tion as a whole and to use these values to follow
changes over a period of time in the behaviour
of a road under traffic loading. It is also
possible to assess the relative condition of a
pavement from its stiffness and, in particular,
from its response to a suddenly applied load.
By wusing specially developed computer pro-
grammes, it is now also possible to estimate,
from these dynamic measurements, the elastic
deflections of a pavement surface under and
around a moving wheel load.

While the equipment currently being used to
obtain these data can only be considered as a
research tool at present, the next phase of deve-
lopment in this project will, it is hoped, produce
simplified equipment suitable for more routine
use by a road authority, not only in connection
with the design of new road pavements, but
especially in the routine evaluation of existing
pavements which may be in need of strengthen-
ing if they are to carry the ever-increasing
number of heavy vehicles on the country’s road
network.

Road accident research

Although the Traffic and Road Safety Division
of the Institute investigates traffic problems in
general, its research programme is devoted
almost entirely to various aspects of the road
accident problem in South Africa, one of its
major aims being to provide authorities with
facts on which to base decisions. Part of the
effort is spent on the collection and processing
of statistics on traffic and accidents for the
country as a whole in order to provide a factual
background tc the research, the rest of the
available research effort being devoted to studies
of the road, the vehicle and the road user.

A major project, described in more detail
below, is concerned with studying the occur-
rence of accidents at various points on both
urban and rural road networks, with the chject
of relating these to road and street conditions
and to specific traffic characteristics, and of
finding economic ways of making roads and
streets safer. Safety standards for vehicles now
being introduced in overseas countries have
recently been studied with a view to examining
the desirability of making such vehicle features
compulsory in this country.

The human factor in traffic and accidents is
receiving attention in the National Institute for
Personnel Research, where a study is in hand
to measure road user reaction and response to
road signs and markings in different road situ-
ations. Another important project is concerned
with investigating road accidents on the spot
with a view to acquiring first-hand information
on all relevant factors. This project has so far
been largely confined to accident case studies
in the Pretoria urban area.

Road features and traffic characteristics
affecting safety

Traffic accidents and casualties are increasing
annually despite the efforts of various authori-
ties, and it is clear that better ways of using
available resources to reduce accidents must be
found — for example, by improving the effi-
ciency of road safety education, publicity and
law enforcement, and by improving vehicles and
roads. Many types of improvement to road and
street, designed to increase safety, are already
known — the provision of costly limited-access
roads or freeways, for example, and the re-
alignment of existing roads.

Relatively minor road improvements at a limited
number of places can, however, reduce the total
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number of accidents significantly. In practice,
the implementation of such improvements with
limited funds presents scveral problems, such
as at what places on the road they are required,
what improvements should be made, and which
of the possible improvements should be given
priority.

Determination of necessary road improvements

In view of the merits of relatively minor im-
provements, research over the past few years
has been concentrated on developing the most
suitable procedure for South Africa to determine
where and what type of improvement is needed.
This procedure consists of three steps, viz. an
identification of hazardous places on the road,
a determination of improvements required, and
a decision as to which improvements should be
given priority. In the course of this work,
roads in two areas were selected for detailed
studies, viz. the rural bituminous roads in the
vieinity of Pretoria and the Reef and the urban
roads in the muniecipal areas of Boksburg and
Pretoria.

These studies entailed the collection of accident
data in collaboration with the South African
Police and the Boksburg and Pretoria Traffie
Departments and also an assessment of traffic
volumes on various roads. Because a reliable
identification of hazardous locations can only
be achieved after a careful study of accident
records, a ccnvenient way of summarizing acei-
dents according to their location on the road
had to be found. The conventional accident spot
map with coloured pins is useful in that it
gives an overall picture, but it cannot he easily
duplicated for record purposes or further dis-
tribution. To overcome this disadvantage, a
simple method of listing accidents has heen
designed in which the accidents can be readily
recorded from day to day, using a two-symbol
code, reflecting the type and class of each
accident, which is entered opposite a description
of the location, or an identification of the nearest
mileposts on rural rcads. Locations with high
accident frequencies can then be easily identified
for further detailed studies.

It is necessary to determine the accident
patterns at each location so that various possible
improvements can be considered. To make pos-
sible the determination of accident patterns at
particular locations, a single form has been
designed to reflect a collision diagram and a
tabulation of accidents according to number,
severity, year, day of the week, time of the
day and cost of different types of accident.
The accident data summary sheet is invaluable
in carrying out a field inspection in order to
determine the need for obvious improvements
of a relatively mincr nature — for example, in
road signs and markings. Such improvements
can be made at little cost.

If the accident patterns persist, more detailed
studies have to be made. The nature of these

studies and the use of benefit-cost ratios to
motivaie more costly improvements are at pre-
sent being investigated.

Rural areas — The rural road study, which
comprised 620 miles of “black top” road, re-
vealed that B0 per cent of the accidents cccurred
on only nine per cent of the total length of
road, and that 20 per cent of the accidents
occurred at only eleven places. At three of
these places most of the accidents were the
result of skidding during wet weather, and, after
resurfacing to provide a surface less prone to
skidding, the total number of accidents at these
three places decreased from 75 to 7 in a year.
Recommendations on road improvements at
three other places, supported by accident data
summaries, have been made to the road author-
ity concerned. Ancther significant aspect of the
accident pattern was that pedestrians or pedal
cyclists were invelved in 70 per cent of all
fatal accidents in the area.

The evaluaticn of any particular recommen-
dation regarding a road improvement, by means
of a “before and after” study, takes a long
time if statistically significant accident statistics
are to be obtained, and a quicker method of
measuring changes in the degree of hazard at
any particular place is urgently needed. Work
has started on the evolvement of a suitable
method of doing this.

Urban areas — The initial study in the urban
area of Boksburg was undertaken to evaluate
the overall traffic and accident situation there,
and at identifying points on the road network
requiring more detailed study. It was found
that 82 per cent of all accidents in 1965, and
89 per cent of all fatal accidents in that year,
occurred on the major arterial and collector
streets which comprised 23 per cent of the
whole length of the network. These findings
were very similar to those obtained during a
study in Pretoria, where 74 per cent of all
accidents in 1965 occurred on the major arterial
and collector streets, which comprised 24 per
cent of the network., In Boksburg, 22 per cent
of all accidents on the major arterial and
collector streets occurred at only 20 places on
the network during 1964 and 1965. This con-
centration of accidents at a limited number of
places should make it possible to achieve an
appreciable reduction in accidents by implement-
ing road improvements at these points; for
example, a 50 per cent reduction in accidents
at twenty places would reduce the total number
of accidents in Boksburg by 10 per cent.

After field inspections of a number of places
in Boksburg at which a relatively large number
of accidents had occurred, a number of recom-
mendations were made to the Town Council on
improvements in street lighting, robot signals,
road markings and road signs, and also on cer-
tain engineering improvements.

C STR Annual Report 1968 69



70

THE NATIONAL INSTITUTE
FOR TELECOMMUNICATIONS
RESEARCH

Mr R. W. Vice, Director

of the National Institute

for Telecommunications
Research

ASICALLY, the work of the National Institute

for Telecommunications Research embraces
the study of natural phenomena and their
effects on radio waves as well as the develop-
ment of radio and radar systems for specialized
applications. In addition, the Institute operates
the Radio Space Research Station at Hartebeest-
hoek, near Johannesburg.

Since its inception, the Institute has carried
out a programme of research into the ionosphere
and its influence on the propagation of radio
waves. As part of this programme the Institute
issues monthly bulleting giving ionospheric data
and predictions of optimum frequencies for use
in short-wave radio communication. During the
past year research has heen directed mainly
at the natural processes controlling ionization.
This work has led to strong indications that
particles precipitated from the outer Van Allen
belt play an important part in the control of
the F-region of the ionosphere.
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Research into the use of radar to study clouds
and precipitation has continued. A new radar
system has been built up and will be used to
study, and, if possible, to determine more pre-
cisely, the correlation between radar observa-
tions and rainfall. This project could lead to
the development of a radar system for measur-
ing rainfall over wide areas, which would be of
great assistance in the development and control
of the country’s water resources.

In its programme of research into lightning
the Institute has developed a radio system for
accurately locating the sources of radio noise
associated with lightning strokes. It is intended
to correlate these observations with photo-
graphic and radar observations of lightning.
Initial experiments have shown that a degree
of accuracy to within a few hundred metres
can be achieved; this makes it possible not
only to locate the position of a lightning stroke,
but also to study its fine structure in the
context of both space and time.

An important practical application of the
system is the calibration of other systems for
locating or counting lightning strokes.

A large part of the Institute’s activity is
devoted to the development of radio systems
to measure distances and fix positions. Since
the invention at the Institute in 1955 of the
Tellurometer system of distance measurement
continued research and development by the
NITR has enabled South Africa to maintain
its lead in the production of this equipment.

The development of an instrument to measure
distance by means of a modulated infra-red
beam has now been practically completed. Pre-
liminary field tests indicate that a range of
several kilometres and an accuracy to within
a few millimetres will be achieved. With such
a performance the instrument will have many
applications in the field of civil engineering.
A South African firm is now preparing to pro-
duce and market the instrument.

The Institute has continued to operate the
Radio Space Research Station on behalf of the
United States National Aeronautics and Space
Administration (NASA).

The station actually comprises two major
tracking stations, which share support facilities,
the Deep Space Instrumentation Facility (DSIF)
and the Satellite Tracking and Data Acquisition
Network (STADAN).

The DSIF tracking station uses an 85-foot
parabolic antenna to track and communicate
with space probes to the moon, the planets
and interplanetary space. It has played an
important role in most of NASA’s deep space
projects.

When not required for tracking operations
the antenna is used in a programme of radio
astronomy. Although this programme is neces-
sarily a limited one, it has led to significant
results. Surveys of the southern half of the
Milky Way have been carried out, and a study
of variable radio sources is now in progress.

The STADAN is one of a world-wide
network of stations established by the NASA
to track and communicate with scientific earth
satellites. This station, one of the busiest in
the network, has also proved to be one of the
most reliable.

Since early this year the Institute has taken
part in the programme of satellite geodesy
organized by the United States Coast and
Geodetic Survey. An optical tracking facility,
one of a world-wide network of similar facilities,
came into operation at the Radio Space Research
Station during the year.

The objectives of this programme are to
determine accurately the size and shape of the
earth and to provide a world-wide network of
reference to which all geodetic data can be
related.
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Dr G. J. Stander,
Director of the
National Institute
for Water Research

THE NATIONAL
INSTITUTE

FOR WATER
RESEARCH

S water research covers such an extensive
field the National Institute for Water
Research (NIWR) is one of the CSIR’s most
diversified institutes. Research is conducted on
a wide front and in various disciplines such as
chemistry, botany, zoology, microbiology, ecivil
engineering, chemical engineering and geology.
The projects undertaken by the Institute are
generally directed towards individual problems
rather than specific scientific disciplines and
are often dealt with on a team basis.

Apart from the main laboratory in Pretoria,
the NIWR also maintains regional laboratories
at Windhoek, Bellville, Durban and Bloemfon-
tein, as well as a Limnological Research Group
at Rhodes University. The regional laboratories
concern themselves mainly with problems pecu-
liar to the areas in which they are situated.

Industrial effluents

As all industrial effluents have to conform
to certain quality requirements laid down by
the Water Act, industries are compelled to give
attention to the handling of water and effluents.
Many industries do not possess staff with the
technical knowledge necessary to meet these
requirements and approach the NIWR for assist-
ance in golving their problems. There are certain
basic principles in the field of water and effluent
management which apply irrespective of the
nature of a specific industry and the NIWR
helps industry to apply them. To this end the
Institute has compiled a comprehensive guide
on the subject which has been submitted for
discussion to a panel of experts. The final guide
will eventually be made available to ali inter-
ested parties throughout the Republic.
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Work is also being done on the question of
water and effluent management in specific indus-
tries, and guides have already been prepared
for the textile and milk processing industries
and for abattoirs. As with the general guide,
each of these guides has been submitted for
discussion to a panel of experts in the field
concerned. The final drafts of these guides are
now being prepared.

Wine industry

The handling of the effluents of wine cellars
often creates major problems in that offensive
odours are produced and water courses polluted,
particularly during the wine-making season,
when the washing of machinery, tanks and
floors gives rise to a high degree of pollution.
A number of co-operative wineries which could
not comply with certain provisicns laid down
by the law have lately found themselves in
difficulties. These wineries approached the
Co-operative Winerizcs Committee, who, in turn,
requested the NIWR to investigate suitable
methods for the treatment of effluents.

The NIWR came to an agreement with the
Co-operative Wineries Committee and, during
the past wine-making season, experiments have
already been conducted in the laboratory as
well as in a full-scale pilot plant at the Goudini
Co-operative Wine Cellars. Laboratory experi-
ments proved that winery effluents could be
purified effectively with an aeration system,
The full-scale pilot plant utilizes a stabilization
pond which is artificially aerated to ensure that
no offensive odours arise, while the purification
organisms are continually supplied with
sufficient oxygen to enable them to function
effectively.

Positive results are expected within two years.
The information obtained will be released to
all wineries by the Co-operative Winzries Com-
mittee.

With regard to the ecffluents from brandy
distilleries, research on the anaerobic treatment

of the effluents was completed in 1867. The
full-scale digesters used in the investigations
are still functioning satisfactorily. A compre-
hensive report — which may also serve as a
guide — based on the investigation, has now
been completed, while an Advisory Committee,
under the chairmanship of the NIWR, has been
appointed to ensure that anaerobic digesters for
the treatment of brandy distillery effluents
function effectively.

Textile industry

Mineralized effluents originating from textile
millg give rise to various problems arising from
the fact that, in accordance with the Water
Act, the effluents must comply with specific
standards of quality before being discharged
into water courses. Mineral pollution of water
constitutes a far more serious problem than
organic pollution, since organic material can be
effectively broken down to simpler compounds
such as water, carbon dioxide and methane.
The accumulation of minerals in water adversely
affects the quality of the water and the situ-
ation is further complicated by the costly nature
of the demineralization process.

In terms of a contract with a textile mill,
the NIWR is currently investigating the possi-
bilities of evaporation as a means of eliminating
mineralized effluents.  Evaporation can be
brought about either in cpen dams, for which
large surface areas are a prerequisite, or by
spray evaporation. The second method in par-
ticular is now being investigated.

On behalf of the same mill, the NIWR is also
investigating the possibility of purifying effluent
from certain processes for internal re-use.

Pulp and paper industry

Owing to a water shortage, a major pulp
and paper manufacturer was obliged to use
purified sewage effluent in order to increase
production. As ecsrtain impurities were present,
the purified sewage was, however, not suitable




for the production of high-grade paper and it
could, therefore, be used for the production
of lower grades only. The demand for high-
grade paper, however, increased to such an
extent that the mill seriously considered refining
the effluent even further prior to re-use, and
the NIWR was asked o assist in this subject.
Gratifying results were achieved with a pilot-
scale installation; in fact, a better quality paper
was produced with the purified sewage than
with the water supplied. The erection of a
full-scale unit, in which 9 million gallons of
purified effluent can be further purified to the
required degree, is now in its initial stages.

The NIWR is also giving consideration to the
mill’s effluent problems, Research is being con-
ducted on the biological treatment of organically
polluted effluent and also on the disposal of
mineralized effluent by means of irrigation., At
test sites, experiments are being conducted to
determine the reaction of various plants to
mineralized water, and also to determine the
effect of the irrigation on the soil structure
over a long period. It is a well-known fact that
the use of mineralized effluent has a detri-
mental effect on the structure of certain types
of soil and, consequently, on their crop poten-
tial. At the same time, therefore, experiments
are being conducted to determine the efficacy
of certain methods of soil improvement with
a view to counteracting the mineralization of
the irrigated soil.

Chemical industry

Since 1963, the NIWR has been collaborating
with a major industrial chemicals factory in
research into its effluent problems. Satisfactory
progress has been made, not only in improving
the quality of the effluents, but also in the
more economical use of water. Thus, for example,
the flow of a particular effluent was reduced by
83.8%, while the nitrogen confent decreased by
61.7%. The plant has alsc succeeded in reducing
its monthly consumption of water by a total
of 40 million gallons through the internal prac-
tice of strict water economy. The successful
outcome of these economy measures is reflected
in the fact that, compared with 1961, there has
been a decrease of 43.7¢ in the quality of water
required for the production of commodities
worth R1,

During 1968 the self-purification of a stream,
into which some of the effluents were being
discharged, was investigated in order to deter-
mine whether its self-purification ability eould
be improved.

Glucose and starch production

A new factory for the processing of maize to
make glucose and starch products had to dis-
pose of more than 100,000 gallons of effluent
per day. It was decided to purify these effluents
by means of anaerobic digestion, but, when the

digesters were put into operation, the problem
of offensive odours was encountered. The NIWR
was approached for assistance, and these digest-
ers have been put inte satisfactory working
order. The NIWR also trained staff members
from the factory to operate the digesters.

After completing a plant survey, the NIWR
also made recommendations regarding the re-use
and conservation of water in the plant, whereby
a considerable decrease in water consumption
was effected. This led to a corresponding de-
crease in the volume of effluent, thereby facili-
tating its management and disposal.

Reclamation of purified sewage

Some years ago, the NIWR, in co-operation
with the Municipality of Windhoek, developed
a process for the reclamation of purified sewage
to augment the city’s supply of drinking water.
Since that time, the techmique has been further
refined by the NIWR, particularly in respect
of its economic feasibility. Considerable advances
have been made and there are good prospects
of further improvements. Research is being
conducted by means of a pilot plant with a
capacity of 24,000 gallons per day. A new
approach is the elimination of maturation ponds
from the purification eycle and the application
of advanced purification technigues direetly to
humus tank effluent or to settled sewage. This
will effect a saving in capital costs as well as
a reduction in evaporation and seepage losses
and in the concentration of mineral salts result-
ing from evaporation.

The cost of reclamation at this stage amounts
to about 22 cents per 1,000 gallons, which is
not much higher than the price at present being
paid by municipalities and industries. If it is
kept in mind that the cost of reclamation will
probably be lowered through further refining
of the process and that the cost of developing
water resources is progressively increasing, it
may he assumed that reclamation of sewage
will become more and more acceptable in future.
The increasing demand for water resulting from
the growing population and expanding economy
of the Republic will eventually necessitate large-
scale reclamation of sewage effluent.

The NIWR iz at present planning a pilot plant
with a capacity of 1 million gallons per day,
which may serve as a basis for a thorough
economic evaluation and which may be used as
a model for the planning of full-scale reclama-
tion plants.

In the Western Cape, research on the reclama-
tion of purified sewage for industrial use is
being continued. The prineiple applied in this
case is to allow the maturation pond effluent
to seep into the sandy soil of the Cape Flats
and subsequently to withdraw the water from
the sand.
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Discharge of effluents into the sea

The marine discharge of municipal and indus-
trial effluents is an economical method of
disposal but one which can cause serious pollu-
tion of the sea and beaches. This is particularly
so in densely populated areas and in popular
tourist resorts, where pollution not only adverse-
ly affects the tourist industry for aesthetic
reasons, but also has a detrimental effect on
public health. For this reason, the NIWR has,
for some time, been carrying out surveys along
the Natal coast to investigate sea currents and
wave and wind action. On the basis of infor-
mation thus obtained, predictions can be made
about the extent to which effluents will disperse
if they are discharged in specific places. Moni-
toring of existing pipelines is also being done
to evaluate the extent to which pollution is
taking place.

In addition, background information is being
collected on the chemical, bacteriological and
biological conditions of beaches along the Natal
coast. These data will make it possible to
determine in advance the extent to which the
discharge of waste matter into the sea will
affect the beaches. The NIWR has already
established pollution criteria for the Natal
beaches so that it is possible to determine
whether or not a beach is polluted.

Research on the marine disposal of effluents
is being carried out under contract for the
Natal Provincial Administration, the Durban
Corporation and a number of industries.

0Oil pollution along the Natal beaches

On June 13th, 1968, a large oil tanker, the
“World Glory”, was wrecked off the Natal coast,
and the beaches of holiday resorts along the
coast were endangered by severe oil pollution.
The NIWR, one of the organizations called upon
to assist in combating the pollution, played an
active part in spraying the oil patches with
synthetic detergent. The fight against pollution
succeeded and the Natal beaches remained clean.

Anaerobic digestion of waste matter

The anaerobic digestion of organic material
is a process applied on a large scale in the
treatment of organically polluted effluents. In
practice it is often found, however, that im-
balances in the process occur which cannot
easily be explained. The process is very com-
plicated and influenced by many variables. Con-
sequently the NIWR concentrates on basic
research into the process. During the past
vear the NIWR issued a number of publications
on the subject.
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Water fauna and flora

Since there is a definite relationship between
the types of insects and diatoms which oceur
in water and the chemical gquality of the water,
a thorough knowledge of these organisms can
be invaluable in discovering the incidence of
long-term pollution, The NIWR is consequently
doing basic research on the taxonomy and
physiology of aquatic organisms.

The Transvaal Provincial Administration is
engaged in investigating fish farming as a
source of protein food for the Bantu in the
Northern Transvaal. In order to effect the most
advantageous conversion of other foodstuffs
into protein, knowledge must be acguired about
food chains in dams where the fish are bred,
and the food consumption and growth rate of
the fish. At the request of the Provincial
Administration, the NIWR is carrying out re-
search on these subjects.

Dieldrin and the water emvironment

In co-operation with the Department of Agri-
cultural Technical Services, the NIWR is carry-
ing out research into the effects of dieldrin on
the water environment, since a detailed know-
ledge of these will be necessary if dieldrin is
to be applied in the combating of pests on a
large scale. One aspect of this subject currently
being investigated is the toxic effect of dieldrin
on various types of fish and the degree to which
water chemistry affects the toxieity.

Pathogenic bacteria, viruses and parasites in
water

The NIWR is making a study of the presence
of pathogenic bacteria, viruses and parasites in
the effluents from hospitals, in raw sewage, in
purified effluents and in water environments.
Little is known about this subject and much
remains to be done, for example, in the adap-
tation and evaluation of tracer technigques.

Service to Provincial Administrations, State
Departments and local authorities

The NIWR does research on behalf of the
Provineial Administrations of Natal, Transvaal,
Orange Free State and the South West Africa
Administration on a long-term contract basis.
The Institute is also often requested by pro-
vineial and local authorities, as well as by State
Departments, to solve ad hoc problems con-
cerning sanitation, water supplies and effluent
control,

River research

The flow in most South African rivers is
either weak or intermittent and there has to
be a -constant guard against pollution, since
dilution cannot be depended on to reduce the
degree of pollution. It is therefore desirable
that thorough chemical and biolegical surveys
should be made as soon as possible of the im-
portant rivers in the Republic, to provide criteria

against which the extent of future pollution
can be measured. The NIWR has already made
such surveys of all rivers in the country which
(at this stage) are economically important, with
the exception of the Caledon, the Orange and
the Fish Rivers. Surveys of these three rivers,
and of the rivers in Northern Natal and Zulu-
land, are now in progress.

A survey of the Berg River in the Western
Cape was completed some years ago and the
NIWR is at present engaged in a follow-up
survey to determine the extent to which con-
ditions in the river have changed.

Solar distillation of brackish water

The application of solar distillation as a desali-
nation technigue is being investigated by the
NIWR regional office at Windhoek. This tech-
nique can be used to advantage, particularly
in South West Africa, where the availahle water
supply is often unsuitable for domestic use
because of its high mineral content, and where
the cost of other methods of obtaining fresh
water is generally very high.

Experimental units for solar distillation have
been erected at a test site at the Gross Barmen
thermal springs and also at the CSIR’s experi-
mental station along the Swakop River. Units
of varying design and three different sources
of energy are used: solar energy, hot water
from a mineralized thermal spring and waste
heat from a diesel generator.

Evaporation and the salinity of water in sand
beds

The salinity of water in South West Africa
is a vital problem and one which occurs pre-
dominantly where water flows in sandy river
beds, In the lower reaches of the Swakop River,
for example, this phenomenon is very evident.
At the request of the Administration of South
West Africa, the NIWR regional laboratory in
Windhoek has carried out evaporation experi-
ments with sand mixtures representative of eon-
ditions in the Swakop River.

In these experiments, which are carried out
in identical tanks, water of a constant chemical
composition is used, while the nature of the
sand mixtures varies. Automatic electronic
equipment constantly registers dats on tempera-
ture, humidity and water level. The results
indicate that the construction of sand-filled
dams and the provision of underdrainage can
probably limit the degree of mineralization in
rivers with dry sandy beds.

Water map for South West Africa

At the request of the Administration of South
West Africa, the NIWR is compiling a map
of underground water in that country. The
map is based on the chemical quality of under-
ground waters and can therefore he used as a
guide for the establishment of industries and
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communities, since the quality of available water
is of great importance in this connection. Pos-
sible relationships between the chemical guality
of water and the geological formations at their
sources can also be deduced from the map;
knowledge of such relationships will be of great
geological value. The map can also be an aid
in isolating areas where toxic elements generally
occur in the water.

Effluent purification

The effluents from sewage purification works
contain relatively high concentrations of phos-
phorus (in the form of phosphates) and nitrogen
(in the form of nitrates and ammonia). If
these effluents are discharged into water courses,
as is the normal procedure, the phosphorus and
nitrogen serve as nutrients to algae, which then
proliferate. The water becomes less suitable
for further use, not only on account of the
algae clogging the filters, but also because dead
algae pollute water organically. This pheno-
menon is known as secondary pollution. Counter-
measures are being investigated by the NIWR.
The rotation of discs covered with a layer of
algae in the purified effluent, is a method
currently being tested. The algae metabolize
the carbon dioxide in the water and thus raise
the pH. The elevated pH has a twofold advan-
tage: in the first place the phosphates are
precipitated in the form of calcium phosphate
and, secondly, ammonia tends to be transformed
into the anionic form which escapes into the
atmosphere. Another method being tested in
this connection is the activated sludge process.

By means of a pilot plant, research is also
being continued into the anaerobic digestion of
raw effluents.
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LTHOUGH the South Afriecan Wool Textile

Research Institute (SAWTRI) is one of a
number of national institutes constituting the
CSIR, it is unique as far as the financing of
its activities is concerned. A number of organi-
zations (the South Afriean Wool Board, the
Mohair Board and the national trade associations
of wool washers and carbonizers, wool combers
and worsted manufacturers) make funds avail-
able on the basis of contributions guaranteed
for five years. The CSIR makes an annual
grant to meet expenditure, the amount being
more or less equal to that provided by the
organizations referred to above.

The first guarantee period ends with the
present financial year, five years after the
Institute was incorporated into the CSIR as a
national research institute in 1964. The con-
tributing organizations have already guaranteed
a further five years’ contribution. An additional
capital grant has been made by the Mohair
Board to be used for the purchase of special
equipment required for processing scouring
types of mohair.
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Industrial liaison

Liaison between the SAWTRI and the local
wool and mohair industry is effected by a
research advisory committee on which the sup-
porting organizations are represented. The Com-
mittee is responsible for the formulation of a
broad research policy based on the availability
of funds. Further liaison is achieved through
two technical advisory sub-committees, the mem-
bers of which are scientists and industrialists
appointed hecause of their personal knowledge
of the Institute's research spheres, and they
accept responsibility for the supervision of the
more technical aspects of the research pro-
gramme,

In addition to the committee and sub-com-
mittees mentioned above there is a South
African Wool Board/SAWTRI co-ordinating
committee instituted with a view to discussing
matters of common interest relating to the
need for specific research and for the practical
application of research findings.

Some thirty industries concerned with textile
manufacture and related activities (e.g. machine
and dyestuff manufacturing) are associated with
the SAWTRI, each being a contributor of a
minimum amount of R100 per annum, a sum
which they guarantee for five years.

The SAWTRI is represented on a number of
committees of the South African Bureau of
Standards which deal with textile matters as
well as on two departmental committees con-
cerned with wool and mochair production,

Technical services to industry

Although S8AWTRI is mainly concerned with
research, investigations are made, on an ad hoc
basis and in consultation with the South African
Wool Board, of problems experienced in the
industry. In addition, the SAWTRI undertakes
the testing, at fixed tariffs, of a wide variety
of textile materials. Some of these investiga-
tions may lead to research projects, should the
problems be of general interest.

The SAWTRI is also responsible for cheeking
that the mills concerned apply the regulations
of the International Wool Textile Organization
(IWTO) on the regain testing procedure for
seoured wool.

Textile symposia

In order to strengthen contact and exchange
ideas with the processing industry, the SAWTRI
arranges symposia from time to time on related
topics. During a visit recently by Dr P. P.
Townend of the University of Leeds, England,
a symposium on worsted spinning was arranged
which was addressed by him and three members
of the SAWTRI staff, A large number of dele-
gates from the Wool Textile Industry attended
this symposium.

The Institute also made available wvarious
facilities to the Eastern Cape Branch of the
South African Chemical Institute on the occasion
of their symposium in Port Elizabeth on protein
chemistry and wool research. Two staff mem-
bers of the SAWTRI read papers on the research
work in progress at the Imstitute.

Dissemination of information

Information is supplied verbally during visits
to factories by research and technical personnel
or during visits to the SAWTRI by representa-
tives of the textile industry. Information is
also released during discussions at committee
meetings, at symposia or during the handling
of technical enquiries. Information is also sup-
plied in SAWTRI publications, which are dis-
tributed free of charge.

The SAWTRI Adnnual Report is regarded as
a “shop window” for its activities, and 1,750
copies are distributed annually in this country
and overseas.

Research reports of a technical nature are
published in a series entitled SAWTRI Technical
Reports. This publication is issued mainly to
firms giving financial support to the SAWTRI
as well as to associated institutions overseas.
A number of international textile journals also
publish abstracts of these reports.

SAWTRI Bulletin is a guarterly publication
containing general information about the Insti-
tute, its staff and their activities. Technieal
articles written in “mill language”, short tech-
nical reports, surveys of important work done
elsewhere and reports on the activities of the
International Wool Secretariat (IWS), etc., are
published in the Bulletin.

Articles of a fundamental nature are pub-
lished almost exclusively in recognized journals,
in South Africa and overseas, Textile technolo-
gical papers which are likely to be of interest
to a large number of readers, are also widely
published,

Fraining in textile technology

Since the introduction of courses in textile
technology at the University of Port Elizabeth
in 1967, practically all the SAWTRI senior re-
search staff have lectured at the University on
a part-time basis. In his capacity as Professor
Extraordinary of Textile Technology, the Direc-
tor is a member of the Senate of this University.
Fifteen students are already following the
courses, the wool textile industry having granted
bursaries to more than half of them. A few
members of the SAWTRI staff are following
the courses on a part-time basis.

Members of the SAWTRI research staff have
enrolled at the local university for post-degree
study in textile technology and are incorporating
their research results in theses.
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The correspondence courses in weaving tech-
nology and in weft knitted structures are still
being followed by candidates throughout South
Africa. Certificates have been issued to students
who have passed the examinations.

Applied research

Textile technological research is directed to-
wards providing data on the South African wool
and mohair clips but, at the same time, the
SAWTRI endeavours to contribute towards
knowledge of a praetical nature in the fields
of processing, dyeing and finishing these fibres.

Processing characteristics of
South African wool

Because the SAWTRI is mainly concerned
with a study of locally produced wool, the
behaviour of different types of South African
wool during processing into end-commodities is
extensively investigated. Recent investigations
have been ccncerned with the processing of
lambswool, using a modified worsted system,
and a comparative study of typically over-
crimped wool types.

Merino lambswool was successfully processed
into machine knitting yarns without combing.
Jerseys were knitted, dyed and shrinkproofed
by treating them with DCCA (an alkaline salt
of dichloro-isocyanuric acid) and potassium
permanganate. The jerseys so treated were less
prone to felting and were softer than those
knitted with adult Merino wool yarn of the
same fineness. After shrinkproofing, the gar-
ments were less inclined to pill than untreated
garments.

Certain types of wocl have more crimps per
inch than pure Merino wool of the same
fibre diameter. This phenomenon occurs in
strains such as German Merino, Dohne Merino
and Letelle, which are all bred in South Africa.
Examples of these three wool groups, as well
as of a normally crimpzd pure Merino wool,
were processed according to the continental
system and a comparison was made between the
woven fabries. The over-crimped wool types pro-
duced bulkier cloth throughout, which had better
wrinkle resistance and wrinkle recovery pro-
perties.

Knitted fabrics manufactured from machine-
knitting yarn made of the overcrimped wools
mentioned can be made completely machine-
washable by treatment with 4.5% DCCA.

Knittability of wool yarn

Yarn of normal strength and a high degree
of evenness which is spun from sound wool
may still break during machine-knitting at the
usually high rate of yarn intake. The reason
for this is that friction occurs between the yarn
and the needles as well as other parts of the
knitting machine. Should the yarn break, a
hole in the fabrie is formed, resulting in a
loss to the manufacturer.

Yarn friction can be decreased by applying
the correct amount of a lubricant such as paraf-
fin wax. Too much wax, however, may in itself
cause a rise in friction and thus it is necessary
to apply the correct amount of wax.

Yarns are often waxed by being passed under
a wax dise. It has been determined that the
weight of the disc does not affect the eventual
yarn friction to any considerable degree. How-
ever, the amount of wax applied to the yarn
depends on the temperature at which the yarn
is waxed and on the melting point of the wax
itself. The amount of wax required to limit
yarn friction tc a minimum can be applied in
single or repeated waxings. According to the
findings of the SAWTRI it is preferable to
express the amount of wax in terms of the
weight of wax per unit length of the yarn,
especially when yarns of different counts are
being compared.
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Weaving problems

Weft skewing in fabrics is one of the weaving
problems that has received attention. Although
the skewing of fabrics often occurs in practice
to such an extent that the cloth is rendered
useless, research workers have not yet been
successful in clarifying the ecauses of this
phenomenon.

Fourteen fabrics of widely divergent patterns
were woven and the skewing measured. The
results agreed well with those obtained by other
workers in this field. From the results, a
formula was developed by means of which the
skewing could be calculated. A good correla-
tion was obtained between the calculations and
the experimental results. The formula is based
on the weaving diagram from which the result-
ant skewing force is calculated. Consequently,
a weave structure can be analysed to determine
whether the structure will be inclined to skew
without having to weave the fabric. Full details
of this investigation have been published in
SAWTRI Technical Report No. 106 (see list of
publications).

Characteristics of knitted structures

An extensive investigation was made of the
characteristics of Swiss and French double
piqué fabrics knitted on the same machine from
the same batch of yarn at three different rates
of yarn intake. Fabric characteristics such as
thickness, air permeability, wrinkle recovery,
pilling, abrasion resistance and felting propen-
sity — all of interest to the consumer — were
examined, and an attempt was made to obtain
a relationship between these characteristics and
a new tightness factor. This factor takes into
account the changes which take place in the
fabric during steaming or wet relaxation. Many
of the characteristics mentioned above are
linearly proportional to the tightness factor,
while others are not related at all. When all
factors are taken into consideration, it seems
that Swiss double piqué is the most desirable
of the knitted structures when knitted to the
“median” ratio of yarn intake.

Dyeing of wool and mohair

Because reactive dyes are linked to the animal
fibre by chemical reaction, fabrics so dyed are
highly colourfast during wet processes. The
reactive dye can react with the available amino
groups in wool and mohair and this method
has already been applied in industry. It would
be possible for the same dyes to react with the
free thiol groups in the fibres mentioned, but
in the natural state these fibres contain a
limited number of these groups.

The SAWTRI has developed a process whereby
dyeing can be effected simultaneously with the
formation of thiol groups by reduction of the
wool with sodium bisulphite. The dye must
obviously not be attacked by the reducing agent
and this is prevented by using dyes derived
from reactive aromatic chlorine compounds.
Effective levelling agents are added and satis-
factory dyeing can be achieved even at as low
a temperature as 60°C.

The same technique was applied to reduce
smudging during spray-printing with dyestuff
dissclved in a urea solution. An accelerated
penetration of the dye, a high colourfastness
during wet treatment and a financial saving
was achieved in this manner.

Brighter coloured wool articles could be
obtained when dyed at a low temperature
(85°C) and by simultaneously treating them
with a brightening agent. In some instances
sodium formaldehyde-sulphoxylate was used
sucecessfully for this purpose. As an alternative
to this method, dyes prone to attack by the
reducing action of this reagent could be applied
together with hydroxylamine.

It often happens that single kemp fibres in
mohair appear practically white in the dyed
product. It has been established that the dyeing
behaviour of the two types of fibres is the
same but that the apparent differences after
dyeing are due to the peculiar light reflecting
properties of the kemp fibres. Because light
is reflected from the medulla in a kemp fibre
colour saturation appears to bhe less. The con-
trast between similarly dyed kemp and mohair
fibres may be so great that the former appears
to be undyed. This phenomenon is more pro-
nounced in certain colours than in others.
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Easy-care properties for wool garments

One of the most important requirements of
wool garments nowadays is shrink-resistance —
even when washed in a domestic washing
machine. Various shrink-resistance treatments
have been developed and/or improved and it
has been found possible, for example, to make
hand-knitting yarn machine-washable by treat-
ing it with an alkali salt of dichloro-isocyanuric
acid (DCCA, 3.3 per cent active chlorine per
weight of wool). In cases where the end-
commodity is required to be white or to have
an exceptionally soft handle, about one quarter
of the DCCA is replaced by potassium perman-
ganate.

DCCA is sold in various forms. The products
differ as to solubility, chlorine content and their
influence on wool articles in respect of handle
and whiteness. The choice of a shrinkproofing
reagent is, therefore, partly determined by the
requirements of the end-commodity.

Shrink-resistant articles dyed in a strongly
acid medium proved to be more liable to shrink
than when dyed in neutral or weak acid media.
Even in the latter case it is still advisable to
neutralize the acid medium in the end-commodity
very carefullly.

Washing tests have indicated that wool
articles which have been rendered shrink-
resistant are usually less prone to soiling than
untreated products. This characteristic becomes
progressively more pronounced with the level
of treatment.

These findings have led to the development of
a process by which wool fabric can be treated
to render it suitable for making up into machine-
washable men’s shirts. This treatment involves

shrinkproofing with DCCA applied in conjune-
tion with a very low percentage of potassium
permanganate, reductive and fluorescent bleach-
ing with sodium farmaldehyde-sulphoxylate and
a stilbene-type of optical bleach, flat setting
with sodium bisulphite and, finally, treatment
with thio-urea/formaldehyde resin to counteract
yvellowing.

Fundamental wool protein research

Apart from the applied research projects re-
ferred to above, which are of direct interest to
the textile industry, fundamental research on
animal fibres is also being conducted, such as:

Chemistry of wool protein —

A group of SAWTRI staff members work-
ing in Pretoria under the supervision of a
senior officer of the National Chemical
Research Laboratory has recently achieved
an important break-through in this field.
They have succeeded in isolating a fragment
(ITI-B2) of wool protein in pure form and
establishing the sequence of the 97 amino
acid residues in the fragment.

The complex nature of wool protein may
be appreciated if it is considered that at
least sixteen such fragments have been
obtained from the high-sulphur fraction
(SCMK-B) isolated from reduced wool. In
addition, there is a low-sulphur fraction
(SCMK-A) the structure of which is probably
as complex.

Chemistry of the sulphur-sulphur bond —

Because this chemical linkage (also known
as the disulphide bond) is most important
in the chemical and physical behaviour of
animal fibres, attention is being given to
sulphur chemistry. For the sake of conveni-
ence, relatively simple, pure chemical sub-
stances (e.g. cystine and glutathione) or
proteins of known structure (e.g. insulin and
ribonuclease) are wused for this purpose.
Special compounds with disulphide groups
have also been synthesized for experimental
purposes.

Recently it has been shown that photolysis
of the disulphide bond by hypophosphite ions
under irradiation with ultra-violet light takes
place completely at random. This reaction,
which involves thiyl radicals, differs complete-
ly from the more selective photolytic reactions
in the absence of hypophosphite found by
other research workers.
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INFORMATION AND
RESEARGH SERVIGES

Mr D. G. Kingwill, Direc-
tor of Information and
Research Services

E Council's Information and Research Ser-

vieces (IRS) are concerned with all aspects
of the collection and dissemination of scientific
and technical information (both within the
CSIR organization and at national level), the
communication of information about scientific
research to all sections of the community, the
development of industrial research and the
advancement of science in South Africa.

Central Library

The services of the CSIR Library are avail-
able not only to the CSIR’s staff but to all
scientists, research organizations, industries and
others who need access to scientific and technical
publications. The following statistics give some
indication of the increasing demands being made
on these services.

Year Publications Books and Periodicals

issued on loan pamphlets (subscriptions)
and photo- ordered and exchanges)

copies provided

1964 23,767 2,366 2,414

1965 31,660 2,478 2,648

1966 43,598 3,424 2,907

1967 44,995 3,704 3,136

1968 52,450 4,440 3,413
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It is widely recognized that more than arith-
metical increase of staff is involved in handling
the ever-growing volume of publications. Im-
provements in the services provided invariably
lead to increased demands on those services.
Furthermore, the training of librarians has not
kept pace with advances in documentation
techniques. Not only is the training inadequate,
but insufficient numbers are being trained and,
in an occupation favoured by women, staff turn-
over is high.

In these circumstances, the CSIR library has
difficulty in meeting its obligations, particularly
where the development and application of
new documentation techniques are concerned,
which are essential if this library is to
provide guidance to other special libraries.
Nevertheless, progress has been made in
the introduction of a computerized system
for handling serials records, and in improving
the mechanized system of recording loans which
was introduced some years ago. With the ex-
perience gained in these two projects, the
library is now in a hetter position to mechanize

the production of the national union list of
serial titles, Periodicals in South African Librar-
ies. High priority has been given to speeding
up the production of this reference tool, which
has become indispensable to all reference and
research libraries.

Information Processing Group

The Information Processing Group was formed
early in 1968 to study the possibility of apply-
ing new techniques, such as electronic data
processing, tc the indexing and retrieval of
scientific and technical information and, together
with staff of the CSIR Central Library, to study
the mechanization of library procedures. These
investigations have become a matter of urgency
because of the circumstances mentioned above.

The projects being carried out by the Group
include the computerized production of indexes
(Keyword-in-context (KWIC) indexes) to cur-
rent journal literature in the field of water
research, to CSIR and university research pro-
jects, to CSIR publications, and to pamphlet
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collections in specialized subject fields. In
addition, the CSIR central library was assisted
further when the computerized journal record-
ing system was introduced. This system facili-
tates the checking-in of journals as they are
received and the maintenance of up-to-date
journal records. Other activities included par-
ticipation in the co-ordinated indexing project
of the CSIR’s Chemical Engineering Group and
the presentation of a paper at a recent sym-
posium on scientific and technical information
held in Lourenco Margues.

Industrial Information Centre

As a service to industry in Natal, the CSIR,
in collaboration with the Natal Chamber of
Industries and the University of INatal, main-
tains an Industrial Information Service. Thisg
operates from the main library of the University
of Natal in Durban and provides a bibliographic
service for members. The members are mainly
industrial firms, but during the past year there
has been an increase in the number of con-
sultants who make extensive use of the services
available.

Technical Information Service

The main function of the Technical Informa-
tion Service (TIS) is to provide liaison between
the CSIR and small to medium-sized firms in
the manufacturing industry and to disseminate
technical information to such Ffirms.

This is carried out by means of factory
visits, the handling of technical enguiries from
industry in so far as these are not dealt with
directly by CSIR institutes, participation in the
organization of symposia and conferences, the
preparation of brief guides of topical interest,
and the establishment of contacts with similar
services in other countries.

Activities in which the Technical Information
Service participated during the year, included:
the SAAAS symposium on scientific and tech-
nical information in Lourenco Margques, at which
a paper was presented by the TIS; the CSIR
symposium on foundries and air pollution; the
CSIR sympesium on special steels, and the pre-
paration of a guide on the selection of engineer-
ing construction materials.

The wvisits to individual firms have clearly
indicated the importance of personal contact
because, despite the availability of guides and
directories, many industrialists have been found
to be unaware of the services that government
or semi-government lahoratories can render.

The TIS is still in its infancy. Owing to the
small staff and the large number of ed hoc
activities, the provision of more sophisticated
information services to industry, as well as
regional services, has had to be postponed.

Conferences and symposia

The Conference and Symposium Secretariat
was established for two purposes:

Firstly, as the Secretariat of the Council's
Advisory Commitiee for the Development of
Research for Industry (ACDRI) it assists in
implementing the policy of this Cormmittee by
arranging technical symposia dealing with
specialized fopics of interest to industry. These
symposia are intended to make specific indus-
tries aware of the facilities available at the
CSIR and other organizations, and are arranged
whenever a need for research has heen identified.

The following symposia were arranged during
1968:

® Symposium on spectroscopy held at the
CSIR during February, in collaboration
with the National Physical Research
Lahoratory

® Symposium for the motor industry, held
at the CSIR on February 2nd, in collabora-
tion with the National Mechanical Engin-
eering Research Institute

® Symposium on finger joinfing of timber,
held in Pretoria at the test site of the
National Building Research Institute on
March 27th in collaboration with the
Timber Research Unit

® Symposium on foundries and fhe Air
Pollation Act, held in Pretoria on August
1st at the request of the S.A. Institute
Foundrymen

® Seminar on particle size analysis, held at
the CSIR on November 6th in collabora-
tion with the Chemical Engineering Group
and the Chamber of Mines of South Afriea.

® Symposium on special steels, held in
Pretoria on November 28th. This sym-
posium was initiated by the Technical
Information Division of the CSIR to pro-
vide a forum for the exchange of infor-
mation and the discussion of problems
encountered by both producers and users
of special steels.

Secondly, the Secretariat assists CSIR insti-
tutes or outside organizations and professional
bedies with arrangements for national and inter-
national conferences.

The CSIR is at present involved in the
organization of a number of international con-
ferences scheduled to take place in South Afriea,
viz. the Symposium on the Chemical Control of
the Human Environment organized under the
auspices of the International Union of Pure
and Applied Chemistry (TUPAC) (Johannesburg
- 1969), the International Symposium on
Gondwana Stratigraphy of the Gondwana Com-
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mission of the International Union of Geological
Seciences (IUGS) (Cape Town and Johannesburg
~— 1970} and the International Conference on
Water Purification (1972), as well as a national
symposium on stainless steel (Johanneshurg —
1969) and a national building research confer-
ence (Pretoria — 1969),

Foreign Language Information Service

In addition to translations from foreign
language scientific and technical sources, under-
taken on behalf of CSIR institutes (and other
organizations), this Division continues to assist
in tracing foreign language sources of scientific
and technical information.

During the past year, heavy demands were
made on the Division for translation, liaison
and interpretation services in connection with
the symposium on scientific and technical in-
formation, which was held in Lourenco Marques
in association with the 66th Annual Congress
of the South African Association for the
Advancement of Science. Similar demands were
met in connection with discussions concerning a
co-operative research project in Mocambique
and the visits of Portuguese scientists and
documentalists to South Africa.

Communication and use of infermation

A study of the generation, communication
and use of information by scientific research
workers in South Africa is being undertaken
by the Regional Representative in Natal. A
comprehensive questionnaire was sent to every
research worker in the physical and biological
sciences, and over 2,000 completed forms (some
65 per cent) were returned. These were edited,
coded and the data transferred to cards for
computer processing. A considerable amount of
analysis of the computer printout has been done
and three papers have been submitted to the
South African Journal of Science for publication.
A paper on the subject was read at the sym-
posium on scientific and technical information
in Lourenco Margques, and a comprehensive re-
port is in preparation.

Publishing Division

This Division provides a central editorial ser-
vice for the CSIR, and is responsible inter alia
for maintaining language and documentation
standards and for compiling and publishing
general information and publicity material on
the work of the CSIR as well as guides to
sources of seientific and technical information
in South Africa,

Apart from the annual report, the most im-
portant general! information publication issued
by the CSIR is the monthly journal Scientice.
During the year under review a number of
issues were devoted to activities in specific
spheres of research, such as physical research,
road research and astronomy in South Africa.

Similar issues are being planned for the next
year.

One issue of the monthly four-page bulletin
T I — which features new apparatus, techniques
or services at the CSIR likely to be of par-
ticular interest to industry -— was devoted to
the National Training Centre for Scientific
Tnstrument Makers which was officially opened
in November,

In addition to the three directories dealing
with Research organizetions in South Africe,
Scientific and technical socicties in South Africa
and Scientific end fechnical periodicals pub-
lished in South Africe, and the Register of
current scientific resewrch at South Africen
universities, an annual index of CSIR Reseurch
projects is being published by this Division.
The last two are produced with the aid of a
computer, and this technigue will, in future,
also be used for the preparation of CSIR
Research Review, the six-monthly bibliography
of pubiications issued or supported by the CSIR.
The computer programmes for this purpose have
been prepared by the Information Processing
Group.

In collaboration with the Public Relations
Office, two new guides have been published,
viz. a calendar of scientific and technical meet-
Ings in South Africa and a brochure giving
details of the major funections of the wvarious
divisions of the CSIR's national lahoratories
and services.

Press Office and Science Features Division

This Division is responsible for science pub-
licity, scienee writing, liaison with the press
and radio, a national science conference and
symposium publicity service, the production of
popular films on science subjects, and numerous
other activities related to the popularization of
science,

A 35mm documentary film, The New World
of Wool, was produced for the CSIR and the
South African Wool Board during the year,
while a further documentary, The Buildings in
Your Life, is well under way, Meanwhile, ¥Your
Highway Tomorrow, produeed in 1967, is still
on the national circuit and will be seen by an
estimated 500,000 viewers.

The head of the Division was appointed
editor of the new quarterly journal Scientific
Progress, published by the Scientific Advisory
Council, and the first issue appeared in
October.

In July, the Division handled the publicity
for the convention of the S.A. Institution of
Civil Engineers, held at the University of
Pretoria, and achieved considerable press cover-
age. Publicity was also arranged for several
CSIR symposia.
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Functions and visits

The Public Relations Office is mainly respon-
sible for arranging official functions at the
CSIR as well as visits to the CSIR by the general
public, university and high school students.

Major functions arranged during 1968 in-
cluded:

® The commissioning of the new 20 in.
reflecting telescope at the Republic
Observatory in Johannesburg on April
19th by the Minister of Planning

@® The official opening of the primate centre
at the National Nutrilion Research In-
stitute on August 1st by the Minister of
Health

Training Centre for Instrument Makers

@® The official opening of the National
at the CSIR on November 22nd by the
Minister of Planning.

The latter function was arranged in con-
junection with a visit to the CSIR laboratories
by leading industrialists and other prominent
personalities.

In addition, visits were arranged for some
600 high school students, 100 overseas visitors
and 600 local visitors.

Industrial Research Development

The Council’s Advisory Committee on the
Development of Research for Industry (ACDRI)
has given close attention to the encouragement
of technological innovation in industry. Detailed
schemes for providing support for research in
private industry and for technical development
projects have been recommended to the Council.

These proposals are of special significance,
as, with the increasing amount of rationalization
in industry, effected by means of mergers and
take-overs, the co-operative research institute
becomes a less attractive channel of support
for industrial research. Such institutes func-
tion most satisfactorily when they have a
reasonably large number of member-firms of
more or less the same size. However, industrial
support for three of the existing co-operative
research institutes supported by the CSIR has
continued at a satisfactory level; these are
the Fishing Industry Research Institute, the
Leather Industries Research Institute and the
Sugar Milling Research Institute. It is also
gratifying to be able to report that contribu-
tions to the South African Paint Industries
Research Institute have increased.

On the recommendation of the Committee,
the Council has agreed in principle to the
establishment of a textile research unit for
fibres other than wool, though details have
still to be worked out in consultation with
the textile industry.

Industrial Economics Division

An unprecedented turnover in staff (including
the loss of two successive divisional heads) has
necessitated major reorganization of the Indus-
trial Eeonomics Division, which in future will
consist of two separate sections, viz. the Techno-
Economics Section and the Research Economics
Section.

Techno-Economics Section — This Section
functions essentially as the Professional Secre-
tariat for the Advisory Committee for the
Development of Research for Industry (ACDRI).
In this capacity, the Section undertakes techno-
economic surveys to identify research oppor-
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tunities which may be exploited by CSIR labora-
tories and institutes. The Seclion is also
responsible for follow-up work on the surveys,
i.e. to establish effective liaison between CSIR
laboratories and institutes and the industries
concerned, or to take the necessary initiative
in the establishment of research facilities if
these do not already exist.

During the past year this Section completed
a survey of the research needs of the packaging
industry, lhe results of which have now been
published.

Towards the end of the year arrangements
were concluded with the Board of Trade and
Industries whereby the Section would co-operate
with the Board on a survey of the basie chemi-
cals industry requested by the Minister of
Economic Affairs.

Research Economics Section — This Section
is responsible for carrying out surveys of expen-
diture on research and development. In this
connection it acts as a professional secretariat
to the Committee on Research Expenditure
(CORE) of the Prime Minister's Scientific
Advisory Couneil.

The Section is also responsible for studying
the general economic impact of science and
assessing how this can influence scientific
policy-making.

Formal arrangements were made for the
Department of Planning to finance partially
the activities of the Section. The work being
undertaken for CORE would therefore be on a
contract hasis.

The Section has completed its analysis of
research and development expenditure in all
sectors of the economy in South Afriea and is
busy preparing a series of reports for sub-
mission to the Committee on Research Expen-
diture. These reports will give the first over-
all coverage of data in respect of expenditure
on research and development throughout South
Africa and, it is hoped, will be released gener-
ally during 1969.

Science Co-operation Division

The activities of the Science Co-operation
Division are centred mainly on the Council's
commitments as national member on behalf of
South Africa of a group of international scien-
tific organizations. These organizations together
form the International Council of Scientific
Unions (IC8U), a body which sets out to pro-
mote international co-operation in the scientific
field.

In administering the national membership of
ICSU and its member unions the Seience Co-

operation Division is advised by a number of
national committees of experts, for which it
also provides the organizing secretariat. Thus
liaison with ICSU is effccted in such a way
that the whole scientific community of South
Africa benefits, As a direct result of this
liaison, South Africa has been participating for
more than ten years in various international
projects initiated by the member unions of
ICSU, such as the International Geophysical
Year, the International Indian Ocean Expedi-
tion, the International Years of the Quiet Sun,
the Upper Mantle Project and the International
Biological Programme.

Official national participation in the Upper
Mantle Project ended at the end of 1968, while
national activities under the International Bio-
logieal Programme have now gained momentum.

The South African Antarctic research pro-
gramme has entered its second five-year period.
Tunds for the latter programme are adminis-
tered by the Department of Transport on the
advice of the Scientific Committee for Antarctic
Research, for which this Division also provides
the secretariat.

Participation in the International Geophysical
Year and the International Indian Ocean Expedi-
tion has also led to a co-ordinated permanent
research programme in the field of oceano-

graphy.

During the next two years two international
symposia arising from South Africa’s member-
ship of ICSU are to be held in the Republic.
The first of these, which will deal with the
chemical control of the human environment, is
being organized in collaboration with the Inter-
national Union for Pure and Applied Chemistry
(TUPAC) and will take place in Johannesburg
in July 1969. The second, which will deal with
the Gondwana System, is being planned for
1970 under the auspices of the International
Union for Geological Sciences (IUGS).

Overseas offices

The South African science offices in Washing-
ton, London, Cologne and Paris are rendering
valuable services to the South African diplomatic
missions, to the CSIR and other South African
research organizations and to universities.

The Paris office, which was opened at the
beginning of 1968, is now fully operational.

In addition to arranging interviews and study
tours for visiting South African scientists, the
heads of the overseas offices represented the
CSIR and other South African organizations at
conferences and other scientific meetings over-
seas. Considerable success was also achieved in
efforts to maintain contact with post-graduate
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students from South Africa studying overseas
and to keep them informed of developments
and opportunities in South African research.

Three-monthly reports containing news of
significant trends and developments in science,
and particularly of scientific policy, are regularly
submitted to the CSIR by the overseas offices.

Towards the end of 1967, a staff member of
the National Institute for Personnel Research
(NIPR), was seconded to the Cologne office
to apply the full personnel selection procedures
of the NIPR to staff being recruited overseas.

Regional offices

While the Council’s headquarters and most
of its research laboratories are located in
Pretoria, it is fully aware of its function as
a national organization and is represented in
other provinces and in South West Africa.

In addition to the regional offices in Durban
(Natal) and Bellville (Western Cape), a regional
office for the Cape Midlands came into opera-
tion during the year. This office is based on
the South African Wool Textile Research
Institute in Port Elizabeth.

Some years ago the Council established
regional research liaison committees for Natal,
the Cape Midlands and South West Africa with
a view to maintaining contact with the provincial
and municipal authorities and with industry. The
annual meetings of these Committees provide
a forum in which directors of CSIR research
institutes can discuss research of regional in-
terest with the appropriate bodies. The last
meeting of the Natal Regional Research Liaison
Committee was coupled with a symposium on
the engineering aspects of road safety.

UNIVERSITY AND MEDICAL RESEARCH

The division responsible for the administration
of ad hoc university research grants and grants
to units at universities and other institutions in
the natural, engineering and medical sciences,
reports directly to the Executive on all pro-
fessional matters. .

A brief report on the administration of funds
for medical research and research in the natural
sciences at universities appears below.

The budget of the University and Medical
Research Division for the year under review
was as follows:

General Sciences ... ... ... R717,900
Medical Research ... ... ... 654,900
R1,372,800

In addition funds for the following research
were administered.

Pneumoconiosis Research Unit ... R291,000

Asbestosis Research Project R 48,500

The Pneumoconiosis Research Unit is spon-
sored jointly by the State and the Chamber of
Mines of South Africa and the Asbestosis Re-
search Project by the State and the asbestos
mining industry.

The State also allocated a special grant of
R250,000 during the year which enabled the
Council to make awards of a non-recurring
nature (mostly research equipment) to a large
number of university staff members.

In addition to 170 ad hoc grants to university
and museum personnel and independent research
workers, the Council awarded the following num-
bers of bursaries for post-graduate research and
training at the wuniversities in the general
sciences:

PastiBaBel s som o e s wow nas L0
Post-B.Se. (Hons.) ... ... ... ... 94
PosteMa8e: wee v wen oo s snn s B4
Senior and Overseas ... ... ... ... 80

Nineteen scientists from universities were
given grants to enable them to attend overseas
international scientific conferences.
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MEDICAL RESEARCH GROUPS AND UNITS

The medical research units and groups supported
by the C.S.LLR. are as follows:

Amoebiasis Research Unit, Institute of Parasitology,
Durban (Director: Dr. R. Elsdon-Dew).

Arthropod-borne Virus Diseases Research Unit,
Poliomyelitis Research Foundation, Johannesburg
(Director: Dr. J. H. 8. Gear).

Bacterial Genetics Research Unit, Institute of Patho-
logy, University of Pretoria (Director: Prof. J. N.
Coetzee).

Bilharzia, Research Group, sub-divisions at Nelspruit
(Head: Dr. R. J. Pitchford), University of Potchef-
stroom (Head: Prof, J. A. van Eeden) and South
African Institute for Medical Research, Johannes-
burg (Head: Dr. J. H. S. Gear).

Cardio-Pulmonary Research Unit, University of the
Witwatersrand (Director: Dr. J. B. Barlow).

Cardio-Vascular Pulmonary Research Group, Univer-
sity of Cape Town (Director: Prof. V. Schrire).

Clinical Nutrition Research Unit, University of Cape
Town (Director: Prof. J. F. Brock).

Degenerative Diseases Research Group, University of
Stellenbosch (Director: Prof. A. J. Brink).

Dental Research Unit, University of the Witwaters-
rand (Director: Prof. C. J. Dreyer).

Endocrine Research Group, University of Cape Town
(Director: Prof. W. P. U, Jackson).

Human Biochemistry Research Unit, S.A. Institute
for Medical Research, Johannesburg (Director: Dr.
A, R, P. Walker). :

Iodine Metabolism Research Unit, University of Stel-
lenbosch (Director: Dr. A. van Zyl).

Iron and Red Cell Metabolism Research Unit, Uni-
versity of the Witwatersrand (Director: Prof. T. H.
Bothwell),

Nutritional Anaemia Research Group, University of
Natal, Durban (Director: Prof. E. B. Adams).

Photobiology Research Group, University of Pretoria
(Director: Prof. G. H. Findlay).

Pneumoconiosis Research Unit, Johannesburg.

Protein Research Unit, University of Cape Town
(Director: Prof. J. E. Kench).

Renal Metabolic Research Group, University of Cape
Town (Director: Prof. L. Eales).

Tissue Damage and Cell Metaboelism Research Unit,
University of Stellenbosch (Director: Prof. F. M.
Engelbrecht).

Tuberculosis Research Group, Veterinary Research
Institute, Onderstepoort (Director: Prof. B. C.
Jansen).

Virus Research Unit, University of Cape Town
(Director: Prof. A. Kipps).

GROUPS AND UNITS FOR RESEARCH INTO
THE NATURAL SCIENCES

Chromatography Research Unit, University of Pre-
toria (Director: Prof. V. Pretorius).

Cosmic Rays Research Unit, Potchefstroom Univer-
sity (Director: Prof, P. H. Stoker).

Geochemistry Research Unit, University of Cape
Town (Director: Prof. L. H. Ahrens).

Marine Research Unit, Oceanographic Research
Institute, Durban (Director: Dr. A. Heydorn).

Natural Products Research Unit, University of Cape
Town (Director: Prof. F. L. Warren).

Oceanographic Research Unit, University of Cape
Town (Director: Prof. J. K. Mallory).

Palynology Research Unit, University of the Orange
Free State (Director: Prof. E. M. van Zinderen
Bakker).

Solid State Physics Research Unit, University of the
Witwatersrand (Director: Prof. F. R. N. Nabarro).

Desert Ecological Research Unit, Namib Desert Re-
search Station, Gobabeb (Director: Dr. C. Koch).
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THE TECHNICAL SERVICES

DEPARTMENT

Mr 1. 1. van der Staaij,
Director of the
Technical Services
Department

E  Technical Services Department (TSD)

undertakes the design and manufacture of
research equipment and also renders other
essential services such as those provided by
the sections for Graphic Arts, Transport and
Stores to the National Laboratories and Insti-
tutes of the CSIR.

The Department also undertakes work on
contract for other bodies and industry on con-
dition that such work is not undertaken any-
where else in the Republic.

Special services and facilities

Owing to the exceptional facilities and craft-
manship at its disposal, the TSD, as in the
past, has been able to render services to private
organizations which could not be rendered by
industry.

A numerically controlled milling machine,
operated by a magnetic tape, has now made it
possible for the TSD to manufacture, in a much
more economical manner than previously, work-
pieces of a most complicated shape with a
high degree of accuracy.

Services to related organizations

A variety of services were rendered and,
among several pieces of apparatus designed and
manufactured, was one for the SABS enabling
this organization to test carbon paper, while
an instrument designed to control the cheese-
making process was manufactured for the Dairy
Board. A drying oven for the quick drying of
wine lees with an exceptionally high degree of
efficiency for the recovery of potassium bitar-
trate — basic substance for tartaric acid —
was designed and manufactured for the Wine
Industry.

Services to industry

A good deal of equipment was manufactured
for industry. A notable example was the con-
struction of equipment for an entirely new pro-
cess for rotating pressure profile forming, with
which motor-car parts can bz manufactured
within seconds in their finished form.

Medical equipment

An apparatus was manufactured for the
application of a mnew idea in occupational
therapy, developed by the Pretoria College of
Occupational Therapy. In addition, a pulse
simulator was produced for the Department of
Surgery of the University of Stellenbosch for
the testing of artificial heart valves.
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Dr E. C. Halliday,
Head of the Air Pollution
Research Group

Air pollution has always been a threat to the
health and can eve. cause death. Even vege-
tation, buildings and various materials are
affected. In order to determine the extent of
this problem in South Alfrica and to combat it
by effective control measures the Air Pollution
Research Group was formed.

The Group studies the type and concentration
of pollutants, dispersion processes, as well as
meteorological data and has an extensive collec-
tion of pamphlets on the subject, which can be
obtained on request by industries and organi-
zations concerned with air pollution.

Reports on the work of this Group previously
formed part of the National Physical Research
Laboratory reports.

Smokeless cooking

The culmination of six years’ experimental
development and sociological evaluation was the
recent demonstration of a pre-production proto-
type of the SCOTTR smokeless solid-fuel cooker
for use in non-European housing. It was shown
in Pretoria to representatives of several neigh-
bouring municipalities.

With the declaration of some thirty municipal
areas in the Republic as smoke controlled areas
(Act 45 of 1965), the provision of a means of
reducing smoke from domestic sources has
assumed new importance. It is expected that
the availability of this new type of stove will
be of considerable assistance to local authorities
and Government departments concerned with
housing.

AIR POLLUTION
RESEARCH GROUP

Industrial stacks

Part II of the Atmospheric Pollution Preven-
tion Act (scheduled processes) has been declared
to apply to the entire Republic and many pro-
cesses have been added to the original schedule.
Industries using such processes must now apply
for provisional registration and will be required
by the Department of Health to adopt the
“best practicable means” of dealing with noxious
emissions from stacks. In many cases the
“means” may comprise building a taller stack
and/or scrubbing equipment for the waste gases.

It has been mentioned previously that the
Group has undertaken a study, sponsored by
the Department of Health, of dissipation from
stacks. The remote-controlled sampling equip-
ment which, in a field test, is to be placed to
surround a simulated stack or tower, has now
been completed by the Group and enables scien-
tists and technicians to collect and count special
fluorescent tracer particles released from the
stack.

Information to industry

The information service to industries and
other organizations has been extended with the
appointment of more staff. The latest classified
catalogue sheets of accessions, listing some 2,000
new publications acquired for the Group’s pam-
phlet library are now available from the
Information Officer of the Group.

Town planning

Micrometeorological investigations of proposed
industrial sites have been continued. The
Richards Bay area, the site of a future harbour
town, was investigated by the Group with a
view to industrial siting. Again, special radio
telemetry equipment developed by the Group
was used to transmit air temperatures to the
operator from a sensor carried aloft by a special
kite-balloon.

City surveys

For many years now the Group has been
collecting and collating the results obtained in a
nation-wide network of measurements of smoke
and sulphur dioxide (prime pollutants arising
from combustion) which have been undertaken
by the Municipalities of Cape Town, Durban,
Johanneshurg and Germiston. The Group itself
has performed the measurements in Pretoria.
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The results, now expressed in the new soiling
indexr notation, have recently been published
comprehensively for the first time. The Group
has also published a booklet describing fully
the technique of making smoke measurements.

Remote chemical analyses

In order to carry out more sophisticated
analyses of pollution at places remote from
Pretoria, the Group has acquired a mobile
laboratory. The mobile laboratory is at present
equipped to measure carbon monoxide and hydro-
carbons emitted from vehicle exhausts, ozone,
sulphur dioxide and smoke. Analysis for nitrogen
oxides — another major source of pollution —
will probably be started soon.

Advice on gas cleaners

Development and application of a punched-
card system for the filing of literature refer-
ences connected with the control and prevention
of polluting emissions from the chemical indus-
try has continued.

Publicity film

The Group’s information office has assisted
with the script of a publicity film which is
being sponsored by the Department of Health.

Selected Publications

KEMENY, E. & HALLIDAY, E., C. Smoke concen-
trations in South African towns. Part II: Data
for October, 1962 to September, 1964, Public
Health, vol. 67, no. 10, October 1967, pp. 465-469.

KEMENY, E. & HALLIDAY, E. C. Smoke concen-
trations in South African towns., Part IIT: Data
for October, 1964 to September, 1966, Public
Health, vol. 68, no. 2, February 1968.

KEMENY, E. & HALLIDAY, E. C. Methods recom-
mended for the measurement of air pollution in
South Africa; determination of smoke and soot.
Pretoria, CSIR, 1968.

LATSKY, C. E. Hierarchical scheme for document
classification and storage. Paper no. 67-175 pre-
sented at the 60th Annual Meeting of the Air
Pollution Control Association, Cleveland, Ohio,
1967. Pretoria, CSIR, 1967.

LOUW, C. W. Atmospheric pollutants and their ana-
lysis, Pretoria, CSIR, 1966.
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THE TIMBER RESEARCH UNIT

THE Timber Research Unit (TRU) offers a

wide variety of specialized research and
technical services to both producers and con-
sumers of forest products.

More specifically the aims of the Unit are:

® to promote the effective exploitation of
South African timber resources;

@ to assist in developing satisfactory pro-
ducts;

@ to assist in developing and improving manu-
facturing processes, and

® to promote the effective use of timber
products.

The work of the TRU covers various fields
and includes research into timber engineering
and wood processing, fibre and chemical research
and techno-economie studies. The results of this
work are disseminated by the Unit's Research
Application and Information Services Division
through the media of publications, symposia,
lectures, representation at conferences and on
technical committees, and through direet contact
with the industry.

TIMBER ENGINEERING

The main objective of the Timber Engineering
Division is the effective structural utilization of
South African timber, and the Division has con-
tinued work on its three main projects which,
it is hoped, will culminate in the production of
economical standard roof designs.

Stress-grading

The development of the mechanical stress-
grading method for application in the local
timber industry is progressing satisfactorily.
This method involves the classification of struec-
tural timber according to grade, each grade
having safe, reliable and realistic design stresses
assigned to it. This procedure is designed to
help realize the full strength-potential of the
available material. All preparatory work, i.e.
literature surveys, collection of samples, deve-
lopment and provision of testing facilities and
planning of projects, has been completed, and
the main research programme is now underway.
There are already indications that machine
stress-grading of South African pine timber will
result in a 100 per cent improvement on the
visual grading methods at present heing used.
The new grading method is expected to he
applied in practice in 1970.

Finger joints

The project dealing with the structural
properties of finger-jointed timber has been
completed, and the results of final experiments
in this connection were presented at a highly
successful one-day symposium held at the CSIR.
The results of this project have been incor-
porated in a SABS Code of Practice and have
been used to provide design data for finger-
jointed timber.

Mechanical joints

A detailed survey of literature on joints
formed with nails, bolts, connector plates and
other fasteners has been completed as a basis
for a research programme aimed at establishing
data for the design of joints in South African
structural timber. Progress is being made in
the development of an efficient jointing method
for roof trusses using locally produced nails
and plywood.

Roof trusses

The results of a development study on the
subject of roof trusses have been published, and
a research programme — hased upon this study
and on an overseas study tour — has heen
drawn up to develop sound, economical designs
for roof structures in South African timber that
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can be fabricated on the site or by industrialized
methods. The first of these designs is expected
to be produced in 1970.

WOOD PROCESSING

The Wood Processing Division ig chiefly con-
cerned with improving the quality of South
African timber products, and more especially
with problems associated with the seasoning
of wood.

Seasoning

The now compulsory grading of structural
timber has served to emphasize the importance
of seasoning and the need to improve present-
day timber drying practice in South Africa if
the requirements of the grade specifications
with regard to moisture content are to be met.
A general survey of kiln drying practice was
undertaken and timber seasoning plants were
vigited to sez the types of kiln in use and to
determine the main seasoning problems con-
fronting the timber industry.

A detailed survey of available literature con-
cerning the role played by air movement, tem-
perature and humidity in the drying of timber
was completed by the project leader, who then
undertook an overseas tour to study the latest
developments in kiln drying.

The information gained from these sources
is intended as a preliminary to further research
aimed at developing a suitable method of
evaluating kiln efficiency and at improving kiln
drying techniques in South Africa.

A symposium on timber seasoning was
arranged by the Department of Forestry in
collaboration with the TRU, the South African
Bureau of Standards and the South African
Lumber Millers Association.

Wood quality

A comparison of the quality of some exotic
timbers grown in South Africa with that of
the same species grown in their native habitat
indicate that there are differences in their
physical properties. These properties have an
important bearing on the processing and proper
utilization of the timbers., Some of these proper-
ties, such as density and shrinkage, have been
investigated; howaver, there is a need for basic
research into the effect of these and other
physical properties (such as permeability) on
the quality of dried wood under different dry-
ing conditions.

Certain physical and mechanical properties of
two types of wood mosaic flooring were inves-
tigated on behalf of sponsors.
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Board products

The results of short-term tests to evaluate
the durability of wood-base board products used
as external cladding for buildings were incor-
porated in a paper prepared for presentation
at the first International Bio-deterioration Sym-
posium held at Southampton University. The
long-term investigation of these products is
nearing completion.

Accelerated ageing tests were also conducted
on mineral-coated chipboard and plywood panels.

Glued wood preducts

Industry was assisted in developing techniques
for the manufacture of plywood from South
African pine using different adhesives, including
a locally produced adhesive made from wattle
bark extract.

FIBRE AND CHEMICAL STUDIES

This work covers two main fields: adhesives
and wood gluing, and pulp and paper.

Adhesives and wood gluing

In a study of the gluability of South African
timbers, the influence of resin in pine is being
determined. The durability of urea-based adhe-
sives is open to question and is being investi-
gated by means of ageing tests on glued
specimens placed in various parts of the country.
A suitable test was developed for the quality
control of finger-jointed timber and an
apparatus for tension-testing the specimens was
developed for use by the timber industry.

Deterioration of pulp woeod

The influence of the storage of pulp wood
on the quality of paper pulp, and consequently
on the economics of paper production, is being
investigated. Methods designed to prevent bio-
logical deterioration which are currently being
evaluated, are the treatment of pulp wood with
fungicides and with certain strains of a scaven-
ger fungus, Trichoderma viride. The influence




of the drying of pulp wood on the drainage
properties of pulp, which affect the running
speed of paper machines, is being studied.

Preservation of paper

The permanence of paper is bsing investigated
for the State Archives with a view to ensuring
the preservation of archival material. The work
involves a study of the factors contributing
to the deterioration of paper in order that
recommendations may be made regarding the
preservation of existing documents and the
manufacture of more permanent paper for
future use. Recommendations were made on the
restoration of documents by means of de-
acidification in order to decrease the rate of
deterioration and by reinforcing them with
special laminating materials.

Requirements of pulp wood

The relationship between the quality of pulp
and various physical and chemical properties of
pulp wood is being determined so that criteria
can be established for growing a hetter quality
of wood for pulping. The procedure followed
is to evaluate the pulp obtained from selected
trees and to correlate its quality with relevant
wood properties. Wood fibre geometry is one
of the most important factors influencing the
quality of pulp and special equipment to deter-
mine fibre dimensions was imported. Ultimately,
the results obtained during this work will be
used by the Department of Forestry for the
breeding of trees.

TECHNO-ECONOMIC STUDIES

A techno-economic service is provided for the
divisions of the Unit as well as for the timber
industry.

Techno-economic surveys

These surveys assist in defining research
projects in the timber industry against an
economic background. They provide a basis for
agsigning priorities to the various possible re-
search projects and for identifying the needs
of industry, particularly in the field of research.
As a result of recommendations made in a com-
prehensive techno-economic survey carried out in
1965, currently available consumption statistics
and predictions of the future demand for timber
and related products have been critically ana-
lysed.

Cost and other specialized studies

The economic implications of problems of
primary importance to the timber industry are
investigated, such as the recently completed
analysis of the market for stress-graded strue-
tural timber in South Africa.

The cost of research projects already defined
is analysed, mainly for the information of the
TRU. During the year under review the import-
ance of the different cost factors in the manu-

facture of finger joints in South Africa was
determined.

Problems in industrial engineering

This work is aimed at improving efficiency in
the timber industry and involves the application
of quantitative and qualitative management
techniques, in fields such as production plan-
ning, inventory control, production processes
and techniques, maintenance, etc., in the timber
processing industry. Work is in progress on
the determination of a standard to measure
over-all kiln drying efficiency with a view to
improving current industrial practices.
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THE FISHING INDUSTRY

RESEARCH INSTITUTE

E TFishing Industry Research Institute

(FIRI) is affiliated to the University of
Cape Town and has its main laboratory on the
University campus and a second laboratory at
Walvis Bay.

For its annual income FIRI depends on volun-
tary contributions from the fishing industry.
Firms directly engaged in fishing or fish pro-
cessing in South Africa or South West Africa
may become members of FIRI by guaranteeing
annual subscriptions. Firms with an indirect
interest in the fishing industry may contribute
to the income of FIRI as associate members.
All subscriptions guaranteed for five years are
matched on a rand for rand basis by the CSIR,
and this money is used exclusively to finance
FIRI research projects. The total annual income
of the Imstitute has increased from about
R19,000 at the time of its establishment to over
R220,000.

The fishing industry was the first to take
advantage of the opportunity offered by the
research association scheme of the CSIR to
establish industrial research in 1945/46. The
fishing industry provides much scope for fruit-
ful research in such diverse disciplines as
physics, engineering, chemistry, microbiology
and nutrition. The primary function of the
Institute is te carry out fundamental and applied
research for the fishing industry. Subjects that
are being or have been investigated include:
the canning, chilling, freezing, salting and
smoking of fish; the production, curing, storage
and transport of fish meal and the evaluation
of its nutritional value; the production of fish
protein concentrate (fish flour) for human con-
sumption; effluent clarification and the recovery
of solids during this process; the development

and use of fish products and the design of
special analytical methods for such products.

FIRI is also collaborating in a fish-tagging
programme, organized by the Department of
Sea Fisheries, with a view to studying the im-
pact commercial fishing has on the fish
population.

Permanent technical committees, representing
all sections of the pelagic fishing and the trawl-
ing industries, give technical guidance to both
the industry and the Institute and assist the
industry in applying research findings in
practice.

The Institute provides scientific or technical
advice on specific problems and conducts tesis
for individual members at their expense. It
performs analyses of finished products as well
as raw materials at the expense of the industry
and conducts routine analyses of fish meal,
tomate paste, fish oils and water, and fresh,
frozen, salted, smoked, dried and canned fish,
etc. The Institute also keeps its members in-
formed of the latest scientific and technieal
advances considered to be of interest or of use
to the fishing industry.

All South African and South West African
fish meal is purchased and paid for on the basis
of FIRI analyses. Thesze analyses also serve to
keep the Institute in touch with the problems
of the industry, and the results provide a good
basis for the formulation of regulations, speci-
fications and standards for raw materials and
finished products.

The value of the analytical department to the
industry is illustrated by the faet that over
2,000 samples per year are analysed.
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Hake

There was a more intensive exploitation of
the stocks of Cape hake (Merluccius capensis),
while the exports of Cape hake, frozen at sea
and ashore, to Britain increased. A large-scale
co-operative venture carried out by FIRI and
the Torry Research Station in Aberdeen,
initiated in 1966, was completed in 1968. The
experiments performed included freezing ashore
after chill-storage at sea, freezing ashore after
treatment with salt-polyphosphate dips, and
freezing at sea. The results obtained have been
of great assistance in the proper handling of
fish at sea with a view to obtaining top-quality
frozen products. It appears to make no differ-
ence whether fish is chilled in ice or in
refrigerated sea water before freezing. The
importance of rapid chilling and bleeding before
freezing was confirmed. The experiments also
confirmed that fish frozen whole and thawed
resulted in considerably more broken fillets
than those filleted before freezing and thawing.

It was shown that dipping fish in salt-
polyphosphate solutions prior to freezing resul-
ted in a product with a better colour and
texture and in flesh which was more coherent,
tender and juicy and less broken. The treatment
also reduced drip formation on thawing and
reduced weight loss during frying, whether the
fish was fried immediately after dipping or
first stored in the frozen state. However, the
treatment did not reduce the uptake of oil by
the fish during frying.

Work was commenced on the estimation of
the amount of hypoxanthine in hake muscle
as a possible test of freshness. Preliminary
tests showed a good correlation between the
hypoxanthine content and the duration of
storage in ice for one batch of hake of the
same catch, but frem hatch to batch there
was considerable variation in the relationship
between freshness and hypoxanthine content.

Treatment of fish with smoke condensate

Further experiments were carried out to im-
prove on the use of the FIRI smoke condensate.
By using the condensate, the labour and costs
of hanging the fish individually in a smoke-
house are avoided. Thickening of the smoke
solution with about 0.59% CMC resulted in suffi-
cient adherence of the smoke condensate to
impart a good smoke flavour in a single spray
or dip. In order to obtain a good pellicle, dip-
ping or soaking should be carried out after
drying the fillet.

Good results have also bszen obtained with
minced snoek and snoek cutlets.

Fish canning

The addition of sulphur dioxide to the tomato
purée used in canned fish was studied. Both
the colour of the tomato purée and its flavour

were greatly improved by the addition of the
$0,. In experiments in which oil and/or sulphur
dioxide were added to the tomato purée, the
best fish in tomato packs turned out to be those
to which both oil and sulphur dioxide had been
added.

Tish meal

Ag in the past, FIRI devoted an important
part of its research to improvements in the
production and handling of fish meal. South
Africa and South West Africa are together the
second largest exporters of fish meal in the
world., The high quality of this fish meal can be
regarded as the result of the close co-operation
between the fish meal industry and FIRI, its
research institute. The Director of FIRI has
been elected unanimously as chairman of the
Scientific Committee of the International Asso-
ciation of Fish Meal Manufacturers (the
ITAFMM), which is an indication of the inter-
national appreciation of the work done by FIRI
on fish meal.

As recommended by FIRI small amounts of
antioxidant were added to fish meal during the
yvear under review. The Institute assisted in
the application of antioxidant on an industrial
scale. Two different devices for adding the sub-
stance have heen designed and tested, both
intended to give an alarm and attract the atten-
tion of plant operators if the flow of anti-
oxidant is interrupted. The desirable effects of
adding antioxidant were checked under practical
conditions in a stacking test.

Considerable attention was given to the
analytical detection of ethoxyquin in treated
fish meals, but no satisfactory method has yet
been found te recover the added ethoxyquin,
after storage of the meal. Immediately after
it has been added the antioxidant can be re-
covered completely. A storage test has been
started to continue the study of the effect of
ethoxyquin treatment during a long period of
storage. In contrast to reports from overseas,
the loss of vitamin I in fish meal seems to be
only slightly inhibited by the use of ethoxyquin,
except where short storage periods are con-
cerned.

Laboratory and factory tests have shown that
the loss of volatile nitrogen during the storage
and processing of anchovy and pilchards is
minimal.

Oxygen absorption tests on fish meal were
carried out to obtain further information on
the curing process of this product. The influence
of curing on the fatty acid content of fish
meals was studied by the use of gas chromato-
graphy. The fests showed that there were no
differences in composition between the fotal
or free fatty acids for the different methods.

Further improvements were made in the
FIRI adiabatic and isothermal -calorimeters,
which are used to estimate the heat spontan-
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eously generated in fish meal. Encouraging re-
sults were obtained also by means of a simplified
method without resorting to precision calori-
metry.

The addition of a suitable pellet binder to
anchovy meal considerably increased the capa-
city of a laboratory pelleting machine. The
treated pellets were harder and caused much
less dusting during pneumatic conveying.

Fish meals artificially inoculated with salmon-
ella showed a drop in salmonella counts during
pelletization and, moreover, the salmonella in-
festation of the pelletized meal decreased at a
much faster rate than that of the non-pelletized
meat. Further tests on the relationship between
the maximum temperature during pelletization
and the survival of salmonella are being con-
templated.

The use of excessive amounts of fish meal
in animal feeds can cause tainting of the animal
products. The extent to which they are tainted
is affected by the degree of curing — i.e. con-
trolled oxidation — of the meal, which, in turn,
depends on the duration and temperature of
storage, the packaging material, the use of
antioxidants, ete. Tainting tests on chicken
were completed, and tests to ascertain whether
the flesh of pigs can become tainted as a result
of the inclusion of fish meal in the diet were
started, in co-operation with the Stellenbosch-
Elsenburg College of Agriculture.

Fish oil
Experiments were continued with a view to
reducing loss in fish oils during refining.

Effluent

A survey was made of the composition of
effluents from fish factories in the Republic.
Regardless of the fish species involved, the off-
loading water derived from fresh fish in good
condition contained, on an average, about 1.09%;
of fat-free organic matter. In the case of old,
broken fish this figure rose to 3% or more.
In most cases the fat content was low, rarely
rising above 0.5% and averaging about 0.3%.
In the case of high oil content, it was relatively
easy to recover by heating and centrifuging
up to 90% of the oil in the scum which accumu-
lated in the settling tank. However, while the
recovered oil had an icdine wvalue of 180 and
a satisfactory colour, it contained between 49
and 8% free fatty acids. The scum had a
moisture content of more than 909%, and was
uneconomical to dehydrate. In any case, the
salt content of the dried preoduct would be
too high. With a laboratory bhasket centrifuge
the water content of the scum could be reduced
by only 10 per cent.

Considerable attention has heen paid to the
possible uses of recovered proteinaceous materi-
als, which showed a low nutritional value. In
most cases, the digestibility of the proteins was
lower than for fish meal. The recovered pro-
teins showed a very low availability of
methionine in comparison with ordinary fish
meal, though the available lysine was similar
to that of fish meal.

In a preliminary experiment, the availability
of methionine could be increased considerably
by adding antioxidant to the reccvered material
before it was dried.
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E Leather Industries Research Institute

(LIRI) had its origin in research grants
made in 1936 by the hides, skins and tanning
industries, which were followed in 1941 by the
establishment of a research institute to serve
the needs of the hides and skins industry, the
wattle industry, the tanning industry and the
footwear industry, as well as of the suppliers
and bulk consumers of the products of these
industries. When the CSIR was established, the
LIRI became its first co-operative industrial
research institute.

Since its inception, the LIRI has endeavoured
to maintain a balanced research programme,
making regular contributions to overseas scien-
tific journals and applying the results of this
basic research to the practical problems of local
industries.

Through its overseas publications, the LIRI
has become the recognized world leader in
several branches of fundamental chemistry, and
has earned an international reputation. As a
result of this, our loeal industries have been
able to benefit from applied scientific work
carried out by overseas leather research organi-
zations, even when such work is of a confidential
nature.

The hides and skins industry, which is worth
R28 million, supports a long-term programme
of fundamental research aimed at studying the
structure and properties of the soluble and in-
soluble proteins, an investigation which may
lead to the discovery of new uses for the un-
wanted sections of hides and skins which make
poor leather. It also supports a programme
which is of immediate practical application, and
which is aimed at improving the techniques of
handling and preservation of the hides. The
fundamental work is carried out in fully modern-
ized protein research laboratories, the equipment
of which was made possible by a special grant
from the Livestock and Meat Industries Control
Board, while the applied work involves large-
scale tests on thousands of hides which are
studied at all stages from the raw state to
finished leather.

The wattle industry, which is a valued expor-
ter, operates on a quota basis, owing to the
impact of substitutes for outersole leather, the
product for which most of the tannin extracts
of agricultural origin are used. In addition to
research aimed at improving methods of using
wattle extract as a tanning material, the LIRI
is assisting the industry in finding alternative
uses for this substance, and good progress has
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been made during the past year in investigating
the use of wattle extract as a waterproof chip-
board and plywood adhesive, the use of modified
derivatives for lubricating oil-well drilling muds
and the use of modified derivatives in weather
resistant wood veneers. In the field of funda-
mental research, several additional dimeric and
trimeric flavanocls have been isolated and identi-
fied — a major achievement in the organic
chemistry of condensed tannins.

The tanning industry has lost a large pro-
portion of its outersole leather market to rubber
and synthetic substitutes, but it has made up
for this loss by supplying the footwear industry,
which is constantly expanding, with wupper
leather, which is mainly tanned with salts of
chromium. However, a growing number of
synthetic substitutes, backed by the wvast re-
search resources of the world’s major chemical
industries, are being marketed, and the leather
industry needs the assistance of the LIRI more
urgently than ever before if leather is to retain
its reputation as the quality material for foot-
wear and other end produets.

The footwear industry has evolved from a
craft industry using leather, threads and nails
to a modern mass producing industry which
has to base its technigues on an ever-increasing
flood of new materials and manufacturing tech-
nigues. The role of the LIRI in this context
is to provide scientific know-how and testing
equipment to enable the industry to manufacture
in bulk products which are judged by their
individual performance under a wide variety
of stresses and weather conditions.

During the past 33 years, LIRI has acquired
a valuable store of scientific and technical know-
ledge related to the industries it serves. While
research bulletins and other publications are
constantly being issued, the gulf which usually
exists between research and industry is being
bridged by personal contact. Members of staff
are on every factory floor at frequent intervals,
and more than 300 employees of these factories
are receiving tuition from the LIRI by corre-
spondence courses backed by lectures given in
the factories and by short intensive courses
held at the LIRL

Grading and selection of South African hides
and skins

As a result of large-scale statistical trials
on the relationship between green hide grading
and tanned leather, carried out by the LIRI in
collaboration with industry, new grading regula-
tions have come into operation which enable
tanners to buy more selectively to suit the
requirements of specific types of leather. At
present South African tanners have to import
a considerable proportion of their hides from
countries such as Australia, where they are
obtainable in quality grades, even though the

intrinsic quality of Australian hides as a whole
is no better. It is expected that the arrival
on the market of the new “poromeric” type
of synthetic upper materials will force tanners
to buy their hides much more selectively if their
materials are to compete successfully with such
products.

Regulations governing the curing of hides

Large-scale experiments on hide curing carried
out by the LIRI have drawn the attention of
the industry to the losses suffered through
delays in curing and through the re-use of salt.
New regulations governing the curing of hides
have been formulated and are awaiting approval
by the National Marketing Council and the
Minister.

Fundamental research on proteins

The laboratory for fundamental research into
proteins established at the LIRI by the Live-
stock and Meat Industries Control Board to
investigate new uses for the poorer parts of
hides and skins, is rapidly gaining an inter-
national reputation for its work. During the past
year more than 1,200 requests have been re-
ceived from overseas for copies of the publica-
tions in this field by the staff of the LIRI,
and two American organizations have invited
LIRI personnel to contribute general reviews of
work carried out by them in the collagen field.

Chipboard adhesives

Considerable progress has been made during
the year by LIRI in pilot plant and large-scale
tests on the use of modified wattle extract as
an adhesive for the chipboard industry. Tests
carried out on chipboards based on wattle
adhesives formulated in the LIRI and using pilot
plants in South Africa and Germany have shown
that water resistant chipboard can be produced
with properties equivalent to those of the stan-
dard phenolic resin chipboards. These tests have
been supplemented by two large-scale tests in
a South African chipboard factory which have
proved that a water resistant chipboard based
on wattle can be produced using pressing times
well within those required for phenolic resins
and using a process which takes only 1 to 2
minutes longer than pressing times of the faster
curing urea formaldehyde resing used for non-
water resistant chipboards. Attempts are being
made to reduce the pressing times still further.

Plywood adhesives

Work has also been carried out on the pro-
duction of a wattle-based equivalent of a B
stage phenolic adhesive used in the plywood
industry, and a stable powder formulation has
been developed which can be dissolved in water
when required for adhesive purposes in cases
where water resistance is necessary.
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0il well drilling mud thinners

A new, easily manufactured combination of
chrome and wattle-derivative has been developed
and has been tested by the Southern Oil Explora-
tion Corporation (SOEKOR) oil-well drilling
laboratory. The results of the tests have proved
satisfactory and five tons of this thinner has
been supplied for the purpose of large-scale
drilling tests. The results obtained so far indicate
that the original product developed by LIRI,
which contains no chromium, yields satisfactory
results down to a level of 6,000 fest, the new
chrome-wattle compound being more suitable
for greater depths.

Wood veneers

The development of weather-resistant wood
veneers based on wattle has reached the stage
where manufacturers are being invited to inves-
ticate the economic implications of manufac-
turing these veneers on a large scale. Panels
exposed to the sun for two years have shown
no signs of crazing, which indicates that the
ability of the wattle molecule to filter the ultra
violet radiation comprises a built-in protection
against weathering.

Foot measuring devices

Reports received on the results obtained after
using 120 specially developed foot measuring
devices for fitting miners’ boots to Bantu mine
workers, show that the incidence of foot rub,
which was previously said to be as high as 50
to 60 per cent, has now virtually been eliminated.
The principle of these foot measuring devices
was formulated in the light of a survey carried
out by the LIRI of the shapes of Bantu mine
workers’ feet and of the existing lasts used for
manufacturing miners’ boots.

Properties of upper material

The development of a new type of synthetic
upper material, which is claimed to promote
better foot health and comfort and which is
known as ‘poromerics”’, has aroused wide in-
terest among footwear manufacturers both in
South Africa and overseas. The footwear section
of the LIRI is conducting tests on four of these
new products with a view to comparing them
with typical upper leathers. This work has
been assisted by the installation of a R5,000
Instron Tester, which evaluates the relative
plasticity and eclasticity of these materials when
subjected to the repeated stretching and relaxa-
tion which they will undergo in actual wear.
Results indicate that considerable differences
exist which must be recognized by shoe manu-
facturers in order to ensure foot comfort. It has
also become apparent that certain properties
of the synthetics such as retention of last and
foot shape are not as satisfactory as those of
leather. Although these new materials have
certain properties which make care eagy, their
ability to absorb and transmit perspiration is
much lower than that of leather.

PVC soling materials

Another machine recently installed at the
LIRI is a PVC extruder which can either mould
PVC soling directly on footwear or produce
PVC blanks for testing. The machine is used
to help the footwear industry solve problems
which have arisen with the recent increase in
the use of PVC soling. Use of this kind of
soling has increased faster than the knowledge
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of the best blends of PVC and plastic materials
for footwear and investigations into methods of
making these compounds cheaper. Footwear
produced in the LIRI plant is being given
trial wear, and the results are being compared
with various laboratory evaluations in order to
formulate standards.

New adhesives

The increased use of PVC soling has been
due to the comparatively recent development
of new types of adhesives based on polyurethane,
which has made it possible for PVC to be
bonded to footwear uppers. Footwear factories
are confronted with an increasing variety of
adhesive formulations, each of which is suitable
for bonding some of the wide range of soling
and upper materials used in shoe manufacture.
One of the main tasks of the footwear section
of the LIRI is the testing and evaluation of
adhesives; it also provides an advisory service
for factories to help them solve problems which
have arisen in the use of these modern adhesives.

New techniques of impregnating and finishing

The new ‘poromeric” shoe upper material
is the latest of a variety of leather substitutes
on the market which are threatening the position
of leather and which are backed by enormous
research facilities. The South African tanning
industry has made great progress in reorgani-
zing and modernizing its factories and in
utilizing chemical and synthetic aids in the
production of leathers which approach the
regularity and consistency of appearance which
characterize the synthetic products. In these
developments the LIRI is playing an important
role; it carries out experiments on new materials
and processes, and it evaluates the guality of
new leathers produced by local tanners. Very
often a new technique, while it facilitates im-
provement in one direction, may cause a drop
in quality in another.

LIRI scientists discovered that both local and
imported leathers have tended in recent months
to have poor wet rub fastness. This has been
traced to the use of emulsifying agents in water-
based synthetic resin impregnating materials and
nitrocellulose emulsion top sprays. The local
industry has been notified of this danger and
investigations into alternative techniques are
being carried out.

Adaptability of shape and shape retention of
leather

One of the characteristics which makes leather
superior to syntheties in adaptability to foot
shape and in comfort, is its ability to assume
the shape of the last in shoe manufacture and
to adopt the shape of the foot in wear. Inves-
tigations carried out by scientists of the LIRI
have shown that these properties are related
to the bending modulus of single fibres and
the friction of these fibres when passing over
each other. The effects of various factors such

as heat, humidity, tannage and oiling have been
studied, and the results obtained have helped
to indicate how the advantages of leather can
be maintained and improved.

New process for making chamois leather

A new method for making chamois or wash
lecather has been developed by the LIRI and
has attracted considerable interest locally as
well as enquiries from overseas. Samples have
been sent to America for evaluation, but the
process is being kept secret for the time being
in order to give local industry an advantage.
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THE SOUTH
PAINT R

Prof. G. M. Hamilton,
Director of the South
African Paint Research
Institute

MEMBERS of the South African Paint

Research Institute include manufacturers
of paint, manufacturers of raw materials for
industry and prominent consumers. Much of
the work in this Institute is devoted to solving
problems encountered by such organizations. In
addition, it has a responsibility to the national
economy in that its duties involve research in
the vital field of protection by surface coatings
in the very arduous conditions prevailing in this
country.

Gas liguid chromatography

The Institute has now been accumulating
experience in this field over a period of nearly
five years. During this time techniques have
been developed for the qualitative and quantita-
tive analysis of solvents, oils and resins, and
details have been made available to interested
parties.

Infra-red spectroscopy

Infra-red spectroscopy is in constant use in
analyses and other investigations, and has
proved particularly valuable in assisting manu-
facturers to match imported products. A con-
siderable collection of relevant spectra has been
built up.

Electrical conductivity of paint films

Most corrosion of metals is electrolytic, and
can be prevented or slowed down by the resis-
tivity of a protective surface coating. It has
been shown that a figure of 10° ohms/cm? and
upwards provides satisfactory protection. An
apparatus has been constructed in the Institute
which is capable of measuring and recording
changes in resistivity within the range 10"
to 10% ohms and this is being used as an inves-
tigational tool in fundamental work particularly
in work on the protection of iron and steel
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Adhesion of coatings

A direct “pull-off” method for determining
the adhesion of surface coatings to the sub-
strate and for determining intercoat adhesion,
has been formulated and is at present being
used to determine the adhesion of epoxy tar
finishes to steel, and the time which may elapse
between successive coats without there being
any loss of intercoat adhesive strength.

External exposure

A technique for the assessment of coatings
by means of external unaccelerated exposure,
when the changes are followed by weight dif-
ferences, has proved satisfactory. In addition,
normal long-term exposure tests have been
made, particularly with a view to assessing
corrosion resistant finishes on steel, and these
have often yielded valuable results. For example,
a locally produced zinc dust made into a zinc-
rich paint has been exposed for nearly four

years, and results have been entirely satis-
factory.

Marine finishes

A raft has been constructed and is being
maintained in Durban Bay for the testing of
anti-fouling paints. A number of members of
the Institute have availed themselves of this
facility to assess their products, whether already
established or still in the experimental stages.

Alkyd resins

These compounds constitute the basic raw
material of many surface coatings, and a num-
ber of cases where cans have corroded, and
also where “nibs” or small particles have
formed in a paint, have been traced to un-
desirable components in the resin. A post-
graduate bursary was awarded in order to
expedite this work.
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THE SUGAR
MILLING
RESEARCH
INSTITUTE

Dr M. Matic, Director of
the Sugar Milling
Research Institute

THE Sugar Milling Research Institute (SMRI)

is the central scientific organization for
research into the manufacturing problems of
the South African sugar industry.

It was established in 1949 jointly by the
South African Sugar Millers’ Association
Limited (SASMAL), the CSIR and the Univer-
sity of Natal, on whose campus it is situated
in Durban. It is financed by SASMAL and the
CSIR.

Nine sugar factories in Swaziland, Rhodesia,
Malawi and Mozambique are affiliated members
of the Imstitute.

The main functions of the SMRI are —

® Research. This includes a study of the
fundamental aspects of processes such as
milling, diffusion, juice clarification and
crystallization of sugar, and covers also
the utilization of by-products. It also
deals with the raising of steam and power
and with engineering aspects of the design
and performance of mills, carriers, evapo-
rators and vacuum pans.

@ Service to the sugar industry. This
censists of advisory work, trouble shoot-
ing, analyses of sugar — particularly
sugar for export — and statistical com-
pilation of manufacturing data.

@ Training in sugar technology. The
SMRI conducts, in conjunction with
the Natal College for Advanced Technical
Education, a four-year full-time course in
sugar technology, during which period
students are employed by the Imstitute.
The cost of the course is borne by the
SASMAL.

The sugar cane growers have their own
research station at Mount Edgecombe, Natal,
where the cultivation of sugar cane is studied.

Automatic sampler for sugar cane

Increased manufacturing costs and a highly
competitive export market have encouraged a
re-examination of process economy in the local
sugar industry. It has long been realized that
cane with the highest rate of sugar to impurities
can be processed at the lowest cost per unit.

The present basis for payment to cane grow-
ers provides no incentive for them to deliver
cane of good quality to the factories. Direct
sampling and analysis of each consignment of
cane entering the factories, however, could he
the basis of a payment system which would
favour cane of better quality.

To this end the SMRI has, over the past few
years, designed and tested a number of systems
for the automatic sampling of cane. All of
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these were designed to sample at a point after
the preparation by shredding but before the
expression of juice. The most promising sampler
was equipped with a sliding gate which allowed
samples of shredded cane to gravitate inter-
mittently through an aperture in the conveyor
chute. After simulation tests at a factory, and
a statistical study, it was predicted that the
sampling accuracy would be more than adeqguate.

A commercial unit was recently installed at
a factory. The sampler gate was pneumatically
operated and automatically controlled to take
thirty samples from every thirty tons of cane.
Each sample was automatically disintegrated
and sub-sampled on a rotary sampling table,
the rejected portion being returned to process
by means of a screw conveyor. A special labora-
tory was designed and installed, complete with
equipment for rapid analysis of the cane
samples. A new feature was an automatic
tracing device incorporating logic modules, which
accurately identifies individual consignments at
the sampling point. A programme was prepared
to make possible the calculation and statistical
analysis of laboratory results by computer.

Performance tests have now entered the
second year. Besides confirming the predicted
accuracy of the system they have, after the
most critical assessment, indicated that the
system is mechanically reliable, economical and
simple to operate. The application of the pro-
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posed system is now in the hands of a com-
mittee specially appointed to investigate adop-
tion of this new method for cane testing. During
the year a paper on the subject, which provoked
considerable interest, was presented at the
congress of the International Society of Sugar
Cane Technologists in Taiwan.

Enzymatic removal of starch from cane juice

Starch is an impurity in raw sugar which
decreases the filtration rate when the sugar is
refined. Various metheds of starch removal
have therefore been investigated.

The SMRI has recently successfully hydro-
lyzed starch by adding the bacterial enzyme
amylase to cane juice or syrup. This enzyme is
available commercially and is also used in tex-
tile desizing and in biologically active detergents.

Starch is normally present in cane juice in
granular form. For the enzyme to attack it,
the starch must first dissolve, which it does
when the juice is heated to 65°C, after which
the o amylase is added. Other enzymes, e.g.
malt enzyme, are not suitable as they are not
thermostable.

It has been shown in factory tests that 5
to 10 ppm of bacterial enzyme added to cane
juice, at a temperature of 80°C and a pH of
6.5, will remove 80 per cent of the starch pre-




sent in the juice. The enzyme may be added
either at the juice or the syrup stage, provided
that the temperature is at the required level.

Vacuum pan control

Further investigation has been carried out
into the movement of massecuites (crystal and
liguor mixture) and methods of controlling
crystallization in vacuum pans.

At a raw sugar factory, tests were conducted
on a vacuum pan equipped with a stirrer and
readings of temperature and conductivity probes
in the pan bedy have indicated that the stirrer
causes an unexpected rise in temperature
throughout the massecuite. This means that
the massecuite is boiled at a higher super-
saturation than is usual for a low grade sugar
and that the production of false grain (spon-
taneous nucleation) is far more likely to occur
in a stirrer-equipped pan than in one without
a stirrer. More rapid circulation of the masse-
cuite results in a shorter boiling cycle, owing
to improved heat transfer across the tubes of
the calandria (internal heat exchanger).

The false grain is extremely fine and causes
considerable difficulties in the subsequent centri-
fuging operation to remove the molasses film
from the crystal surface, by blocking both the
crystal interstices and the centrifugal screen.

It is hoped that the introduction of control
equipment will reduce the occurrence of false
grain while still allowing boiling at optimum
supersaturation.

A different problem was presented at a re-
finery, where too many conglomerate crystals
were being produced in the vacuum pans and
an investigation intc boiling procedure was
called for. Conglomerate crystals are those
which do not crystallize singly but appear to
be the result of an attraction between several
small crystals which bond together and grow
into a large, irregularly shaped grain. A poten-
tiometer to measure boiling point elevation, and a
supersaturation meter were fitted to one vacuum
pan and a series of readings was recorded. After
various trials of different boiling techniques the
percentage of conglomerate crystals has been
reduced considerably. It is hoped that the posi-
tive results shown will lead to the introduction
of more automatic control in the industry, to
improve the quality and crystal recovery in all
grades of sugar boilings.

Extraction of sugar by diffusion

The conventional process for extracting sugar
involves initial disintegration of cane, followed
by one dry milling in which over half of the
sugar is extracted. The remaining sugar is
extracted by alternate saturation and milling
in a type of countercurrent washing process.
Extractions of the order of 95 per cent are com-
monly achieved with this process.

In South Africa the last of the above extrac-
tion steps has been replaced at four factories
by a process involving a single diffuser. In this
process the cane, from which juice has heen
partly extracted, is conveyed on a horizontal
perforated tray under a succession of juice
sprays of progressively lower sugar content and
finally a spray of pure water. At each of these
stages the juice around the cane particles is
displaced by the more dilute sprayed juice. The
displaced juice percolates to the bottom of the
cane bed and finally falls into a receiving tank
from which it is pumped to the preceding stage
spray. This constitutes a countercurrent leach-
ing process. The advantage of this process is that
it reduces the number of mills required by at
least half and results in a considerable saving
in installation and operating costs. Furthermore,
extractions of up to 98 per cent have heen
attained and the juice extracted is of a higher
quality.

The SMRI has played a leading role in adapt-
ing the new process to the sugar industry and
in research into the actual mechanisms involved.
These investigations have led to the conclusion
that, while displacement washing is the mechan-
ism by which sugar is removed from the cane
bed, true molecular diffusion of sugar controls
the rate of extraction. This molecular diffusion
occurs during the passage of sugar from with-
in the cane particles to the surface, and the
subsequent surface washing and displacement
have no rate-controlling effect except in the
case of plugged beds.

These findings have been published both
locally and overseas and it appears that they
will play a useful role in resolving a long stand-
ing controversy and in determining future pro-
cedures and trends in the design of diffusers.
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=]

H.
12.

13.
4.
15,
i6.
17.
i8.
19.

116

CLASSIFICATION OF ECONOMIC SECTORS

REFERRED TO

Agriculture, forestry and fisheries
Gold mining {including uranium)

Coal mining

. Other mining and quarrying
. Processed foodstuffs (excluding beverages)

. Beverages and tobacco

Textiles
Knitting mills

Clothing

. Leather and leather products (excluding

footwear)
Footwear

Wood and wood products (excluding furni-
ture)

Furniture and fixtures

Pulp and paper products

Printing, publishing and allied industries
Basic industrial chemicals
Miscellaneous chemicals

Products of petroleum and coal

Rubber products

IN

20.
21.
22.
23,
24,

INDEX

Plastic products

Non-metallic mineral products
Basic iron and steel industries
Non-ferrous metal basic industries

Fabricated metal products (excluding mach-
inery and transport equipment)

Machinery (excluding electrical machinery)

Electrical machinery and equipment

. Transport equipment (excluding motor vehi-

cles)

Motor vehicles

. Miscellaneous manufacturing industries

Construction

. Electricity, gas and water

. Trade (wholesale and retail) and restaurants

and hotels

. Motor trade and repairs

Transport and communication

. Miscellaneous services

General economic welfare

Public health

. Defence

CSIR Arnual Report 1968



INDEX

Page

o7
105
03
08
38
52
43
58
i2
42
53

24
38

43
58

94
95
94
94
95
95
94
94
23
14
55
51
64
20
48
a0
21
15

16
16
16
15
13
14
15

12
12
12
18
14
17
15
12
15
1}
13

21
56
16
16

24
23
20
21
21
28
23
21
2}
24
21
21
23
22
21

key on page |16,

Adhesives end wood gluing, 12, 17.
New, 11.
Chipboard, 12, 16.
Plywood, 12, 16.
Aerodynamics, natural, 24.
Aeronaitics —
Adreraft design and construction, 27.
Aireraft noise, 27,
High-speed wind tunnel.
Low-speed wind tunnel.
Missiles and high-speed wircraft stubility and
control, 38.
Agar, 17,
Air conditioning and refrigeration, 25.
Adreraft —
Design and construction, 27.
Noise, 27.
Afr pollution —
City surveys, 37.
Guas cleaners, 37.
Industrial stucks, 37.
Imformuation for indusiry, 37.
Publicity film, 37.
Remote chemicul wnalysis, 37.
Smokeless cooleing, 37.
Town plunning, 37.
Ancalytical chemistry,
Anchor piles, stresses in, 30.
Apprentices in the building industry, 30.
Architectural acoustics.
Astronomy.
Beer, Bant, G-
Unmalted kaffireorn for brewing of, 5, 6.
Sowurings, 6.
Bilharzia, 37.
Brick veneer house construction, 30.
Building —
Cement and cement products, 21.
Cleramic products, 1.
Concrete, 21, 80.
Communications in industry, 30.
Daylighting and sun control, 30.
Fire research, 30.
Fired clay products in industrivnlized building,
3.
Housing for aged people, 30, 36.
Housing requirements, 30.
Hospital planning, 30, 37.
Internationul activities.
Moisture movement under buildings, 30.
Plastics and paint, 17, 19, 20.
Plumbing, 30.
Sehools, special, 30, 36.
Soil festing procedures, 2, 4, 30, 31.
Stresses in anchor piles, 30,
Thermual behaviowr of lighi-weight houses, 30.
Cancer —
Biochemistry, 37.
Of Tliver and oesophagis, 37.
Cement and cement products, 21.
Ceramic products, 21.
Chemistry —
Agar, 17.
Anglytical chemistry.
Banitu Beer, 6.
Billharzin, 37.
Cuncer biochemisiry, 37,
Gold exiraction, 2.
Gold and platinum metal chemistry, 2.
Liguid ion exchangers, 24.
Muaize starch, 5.
Manganese diogide, 26.
Myecotoxins, 87.
Pharmacoelogy, 37,
Puewmoconiosis, 37,
Proteins and enzymes.
Buwminant digestion, 1, 5.
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Page

22
24
21
38
i6
20
50
13
76
53

T
75
Th
72
78
7
73
73
61
22
42
15
14
29

100

101

100

100

101

100
62
59
27
38
38
m
i

104
95
8
33

23
28
37
89
38
38
38
39
38

12

i3
12
12
59
40
40
3

40
40
3
M
¥
52
50
52
27
8
84
87
85
87

NOTE: Numbers following entries indicate specific economic sectors where applicable — sece

Saake venoms.
Tartaric ucid, 6.
Wool chemistry.
Coul, Turge-scale testing in situ, 3.
Concrete, 21, 30.
Corrosion, 30.
Cyclopinzonic ccid, 37.
Daylighting design and sun congrol, 30.
Dieldrin and the water envirowment, 1, 31,
Diet, vitamin deficiencies, 37.
Hffluents —
Chemical industry, 16.
Discharge info sea, 37.
Glucose wund starch production, 5.
Imdustrial, 5, 7, 31.
Pulp and paper industry, 14
Purification, 31, 37.
Textile industry, 7.
Wine industry, 6.
Electron diffraction, low ensrgy (LEBD).
Enzymes and proteins.
Estuary mouths, stubility of, 30.
Fired clay products in industrinlized building, 30.
Hire research, 30.
Hish -
Canming, 5.
Bffluent, 5.
Fishmenl, 5.
Flake, 5.
0il, 5.
Treatment with smoke condensaite, 5.
Flumes.
Flavour research, 5.
Fluid dynemics, geophysical.
Fluid mechanics, 24.
Natural aerodynamics, 24
Food formulations, supplementury, 5, 37.
Foods, composition of South African, 37.
Foot mensuring devices, 2.
Gas cleaners, 37.
Gastroscopy, 37.
Gas turbine, coul burning, 25.
Gold —
Metal chemistry, 2.
Extraction, 2.
Granwlar material, conveyunce of, 21.
Ground water, age determingtion.
Heat mechanics, 25 —
Air-conditioning and refrigeration, 25.
Climatological data.
Guas turbine, coal burning, 25.
Hiwman body, heat loss from, 29,
Hides and skins, see leather reseqrch.
Hospital planning, 30, 37.
Houses and Tousing -
PThermal behaviour of light-weight houses, 30.
Reqguirements, 0.
For aged people, 30, 36.
Human body, heat loss from, 25.
Hydraulics —
Cloastal design, 30.
Durban hoarbour siltation and beech erosion,
30.
Ocean wave rescarch, 30.
Hoisting, 2.
Port Elizubeth shore erosion, 30.
Richurds Bay harbowr development, 30.
Rictvlei harbour siltation and waeve studies, 30.
Sand dams, 30.
Sediment movement in the sea, 30.
Stability of estuwry mouths, 30.
Hydrodynamics, mathematical.
Information and research services —
Central Lbrary.
Communications and use of information.
Costferences itd symposia.
Foreign languoage information service.
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Page

86
S8
85
a1
59
87
91

38
88
20
8)
85
90

a6
62

58
4
59

61

103
105
103
104
103
103
104
105
105

104
104
105

103
103
104
61
21
46
67

61
24
24
58

28
28
28
28
28

28
28
28
28
28
2%
29
292
28
29
29
29
30
30
32
31
32

118

Industrial information centre.

Indusirial reseurch development.

Information processing group.

Medical research groups and wunits.

Overseas offices.

Press office and science featuwres division.

Groups and units for research info the natural

sciences.

Industrial economics division.

Functions and visits.

Publishing division.

Regional offices.

Seience co-operution division.

Technical information service.

University and medical research.

(See also p. 56).
Internutional biological programme, 37,
Isotopes, radioactive, cyclotron produced.
Joints, see timber research.
Kuffircorn, wwmalted for brewing of leaffir beer,

Kavashiorkor, treatment of, 37.
Laser —
Pulsed
— interaction with solid matter.
Rudiation, high-power
— interaction with solid matter.
Leather —
Aduptability of shape and shape retention, 19.
Adhesives —
-— Chinboard, 12,16,
— New, 11.
- Plywood, 12, 16.
Fool measuring devices, 2.
Pundamental resewrch on proteins,
Grading and selection, 1.
Mud thinners, oil well-drilling, 4, 16.
New process for maling chamois leather, 10.
New techwiques of impregnating and Ffinish-
iny, 10.
PV(C soling maierials, 11.
Properties of upper muterial, 11,
Shape —
Adaptability, 10.
ERetention, 10.
Eegulations governing the curing of hides, 1.
Proteins.
Wood veneers, 12.
LEED.
Liquid ion exchangers, 24
Liver, euncer of, 37.
Locds, abnormal —
transportation own roads, 30, 34
Low-energy electron diffraction.
Maize starch, 5.
Mangunese dioxide, 26.
Masl photometer.
Mathematics —
Applied stutistics.
Bacterie in sheep, 1.
Cancer incidence, 37.
Children’s age and hand skeleton,
Human adaplobility studies of the Vendu
Tribe.
Hygienie quulity of milk, 1, 87.
Impaired lung function, 37.
Mosquito-borne epidemics, 37.
Timber moisture content, 12.
Traffic speeds, 34.
Computing centre,
Compuier programming.
Agricultural economies.
Civil engineering, 30.
Date processing and ftabulation, 30, 4.
Eclipses of binary stars.
Photographic surveying.
Electrical engineering.
Automatic weather station, 34
Culibration of electranic instruments, 26.
Electromedicnl apparatus, 26.
Evaporation measurements ut Gross Barmen, 31.

Puge
33 General, 84, 27.
31 Information service on clectronic instrumen-
tation, 37.
33 Imsulation research, 31.
32 Lightning observations, $1.
31 Low-level amplifiers, 26.
31 Micro-cirenit anulysis, 26.
30 Process control.
32 DProtection of pipeline against lLightning, 31.
32 Sundiwich course, 36.
33 Survey of impulse voltages, 3.
30 Thin-film technology, 26.
32 Tracking animals in the bush, 26.
31 Ultrasonics, 26.
31 Voltage-stabilized spurk source, 26,
32 Wave and tide recorders, 26.
27 General services.
ar Geophysical fluid dynamics.
27 Mathematical hydrodynumics.
27 Mathematical statistics.
29 Numerical control of machine tools,
a2y Operations reseurch, 1, 14.
8 Meualies, 5.
23 Metal chemistry, gold and platinum, 2,
35 Metul —
impact properties of.
36 Metal mechanics, 24, 25 —
35 Failures in service,
35 Foundry research, 28, 23.
85 Ml lining wmaterials, wear of, 2.
35 Plustic deformation.
35 Stress corrosion, 22, 24.
39 Mine equipment —
40 Hydravwlic hoisting, 2.
39 Non-statutory festing of components, 2.
39 Statutory wire rope testing, 2.
40 Winding ropes, fatigue of, 2.
39 Winding ropes, service behaviour, 2.
48 DMissiles, 38.
48 Mohango, milling of, 5.
104 Mud thinners, oil-well drilling, 4, 16.
21 BMycotoxins, 37,
58 Nuclenr physics instrumentoation.
61 Nuclear reuction mechanism and wuclenr spec-
troscopy.
44 Nuwtrition —
57 Hood science and technology.
Vel Composition of South African foods, 37.
49 Flavowr research, 5.
48 Mealies, 5.
48 The milling of mohango, 5.
48 Protein reseurch, 1.
49 Soya beans, 5.
48 Unmalied kaffir corn for brewing Buntu
Beer, 5, 6.
50 Microbiological reseurch
50 Bantu Beer sourings, 6.
50 Cyclopiczonic acid, 37.
50 Ochratoxin, 37.
b Nutrition.
45 Biological evaluntion of proileins, 37.
46 Cancer of the liver and oesephagus, 37.
P Gustroscopy, 37.
45 International Biologicul programme, §7.
i Kwashioricor, treatment of, 37.
L Supplementary food formulations, 5, 37.
45 Vitamin deficiencies, 37,
40 Oecean wave reseurch, 30.
80 Qchratoxin, 37.
56 Oesophagus, cuncer of, 87.
Ol —
75 Pollution along Natal beaches, 37.
63 Spill.
104 Well-drilling, mud thinners, 4, 16.
66 Overluys to improve existing rouds, 30.
17 Puints and plastics, 17, 19, 20 —
107 Adhesion of coatings, 17.
107 Alkyd resins, 16,
106 Blectrical conductivity of paint films, 17
107 Haternal exposure, 17.
108 Gas liquid chromatography, 16.
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Page

106
107

98

a5
55

56
55
35

55
54
56
54
21
59
a7
58
58
58
58
a8
58
a8
58
58
&8
61
G2
62

59
61

61
61

63
63
62
62
59
62
23
15
23
41

s

f

LY
1

~
i

ot
i

-

f
48
45

108
82
38
58
41

-
i

68

68
G8

69
69
67
54
37
38
38
37
3
39

Infra-red spectroscopy, I7.
Marine finishes, I7.
Plastics, see paint and plastics.
Paper, preservation of, 14
Personnel —
Apprentices in the building industry, 30.
Boaniw labour force in wrban and border indus-
trial arews, 38.
Bantw workers i scconduary industry, 36.
Newropsychology, 2, 37.
Personnel selection and vocational guidance,
1, 2 15, 17, 21, 22, 23, 24, 28, 84, 86.
Supervisors, training of, 26, 35.
Hwman factor in road safety, 34
International biological progrumme.
Test construction, 36.
Pharmaeology, 37.
Photography, high-speed of pulsed laser inter-
action with solid matier.
Physics —
Appuratus,
Eaxtension to buildings.
Muaslk phofometer.
Nucleur physics instrumentation.
Research vessel.
Single-crysial diffractometer.
Stress-sirain machine.
Thin-film technology.
X-ray direct electron excitation apparatus.
Age determination of grouwnd water.
Architectural acoustics.
Cyclotron-produced radio-active isotopes.
Buaporation of water,
High-speed photography of pulsed laser inter-
action with solid matier.
Interaction of high-power luser radiction with
ionic crystals.
Low-energy electron diffraction (LEED).
Nuclear reaction mechanism and nuclear spec-
froscopy.
Oil spill.
Primary X-ray dosimetry.
Study of flumes.
Burface effect in plastic deformation.
Two-species model.
Plustic deformuation, the surfuce effect in.
Platinum, metal chemistry, 2.
Plumbing research, 30.
Pueumoconiosis, 37,
Port Blizabeth shore erosion study, 30.
Potato sizing machine, 25.
Process mechanics —
Conveyance of gramwlar material, 21
Heavy machinery tesling, 25.
Potato sizing machine.
Protein reseqrch, 1. —
RBiological evaluntion, 7.
Fundamental reseqrch.
Wool protein.
Refrigeration, 25.
Reseurch wvessel “Meiring Naude”.
Richards Bay harbowr development, 30.
River research, 81,
Rowds —
Accident resecrch, 34
Airfield and vroud evaluation, dynemic test
methods for, 30.
Features and characteristics affecting safetly,
30,
Improvements — determination of necessary,
384
— Ul ares.
—  uwrban areus.
Transportation of abnormal loads on, 30, 34
Road safety, human factor in, 384
Rock mechanics, 2, 3, 89 —
Coal, lurge-scale testing in situ, 3.
Fracture mechanism, 2.
Measurement of stress in elastic rock, &, 2%
Properties of rock, 2.
Ropes, winding —
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Fatigue of, 2.

Seruvice behuaviowr of, 2.
Ruminant digestion, 1, 5.
Sand dams, 30.
Schools, special, 30, 36.
Sewuge, reclamation of purified, 31.
Siltation, 30 —

Durban harbowr, 30.

Rietvlet harbour, 30.
Single crystal diffractometer.
Suake venoms,
Soil testing procedures, 2, 4, 30, 31.
Boyu beans, 5.
Statistics, Applied.

Strength mechanics —
I'mpact properties of metal.
Sress anclysis and material testing.
Stress-strain machine.
Sugar, 5 —
Auntomatic sampler for sugar cane, 5.
Enzymatic removal of starch from cane juice,
Exlraction of sugar by diffusion, 5.
Vacuum pan control, 5,
Supervisors, naming of, 26, 36.
Tartaric «acid, 6.
Techstical services —
Medical equipment, manufacture of, 37.
Services fo industry.
Services to reluted organizations, 5, 6, 35.
Special services and facilities.
Telecommunications, 26, 30, 34.
Thin film technology.
Timber reseurch —
Adhesives and wood gluing, 12, 17.
Bouard products, 12.
Cost and other speciclized studies, 12.
Fibre and chemical studies, 12, 14, 17.
Finger joints, 12,
Glued wood products, 12, 16.
Mechanical joints, 12.
Preservation of paper, 14.
Problems in tndustrial engineering, 12.
Requirements of pulp wood, 1, 14
Roof trusses, 12.
Seasoning, 182.
Btress-grading, 12.
Techno-economic studies, 2, 12, 1.
Timber engineering, 1, 12.
Techso-cconomic surveys, 1, 14,
Wood processing, 1, 12.
Wood puip, deterioration of, 13.
Wood quality, 1, 12.
Trusses, roof, 12.
Two-species model.
Veneers, wood, 12,
Venoms, snake.
Vitamin deficiencies in the diet, 37.
Water —
Annerobic digestion of waste matter, 31, 37.
Chemical industry, 16,
Dieldrin and the water environment, 1, 31.
Efftuents —
discharge info sec, 37.
industricl, 5, 7, 31,
purification, 31, 37.
Boaporation and salinity of water in sand beds,
31.
Favne and flora.
Glucose and sturch production, 5,
Map of South West Africa, 1, 31,
0il pollution along Natal coast beuches, 37.
Pathogenic bacterin, viruses and parasites in
water, 31, 37.
Pulp and paper industry, 14.
Reclumation of purified sewage, 31.
River reseurch.

Service to provincial administrations, state
depurtments and local cuthorities, 51.
Solar distillution of brucikish water, 31.
Pextile industry, 7.
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78 Wine industry, 6. 80 Enitability of wool yarn, processing character-
Wind tunnel — istics of.

42 High-speed. 80 South African wool, 7,

42 Low-speed. 82 Sulphwr-sulphur bond, chemistry of.
Wood, sce Timber researcit. 9 Technical services to industry, 7.

21 Wool and mohair/chemistry. 7 Textile symposia, 7.
Wool textiles — 79 Training in textile technology, 7.

80 Applied research, 7. 81 Weaving problems, 7.

79 Dissemination of information, 7.

81 Dyeing of wool and mohair, 7. 82 Wool protein research, fundamenial.

82  Garments, easy care property of. 63 X-ray dosimetry, primary.
7 Imdustrial laison. 58 X-ray fluorescence and direct electron excitu-
81 Kunitted structures, characteristics of. tion apparatus,
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