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A B S T R A C T

The roof is the e lement of a structure  that prov ides the occupants 
w ith the greater part o f the she lte r they have from the elements. 
The roof covering is also the most exposed part o f the structure 
and as such it not only has to offer accep tab le  thermal, acoustic 
and weather perform ance in order to prov ide the occupants with a 
com fortab le  liv ing env ironm ent but it a lso has to be durab le if the 
s tructure  is to be considered a success.

When cons ider ing  low cost houses the requ irem en ts  of the roof 
covering are the same as those mentioned above, except that 
they have to be met in the most cost-e ffec t ive  way possible. At 
present the most frequen t ly  used roof covering fo r  both formal 
and informal low cost housing in South A fr ica  is ga lvan ised steel 
sheeting. This choice in roof covering is a compromise, it 
p rovides a durable, eas ily  insta lled  and most im portan tly  a cheap 
roo f while  prov id ing the occupants with excep tiona lly  harsh living 
cond it ions.

A survey conducted on the roo f coverings ava ilab le  at th is time 
on the South A fr ican m arket reveals that when se lec ting  a roof 
covering fo r  a low cost dw e ll ing  a com prom ise w ill have to be 
made. Th is  is said due to the fact that none of the roo f coverings 
surveyed satis f ied  all the requ irem ents fo r  an ideal low cost roof.

A South A fr ican company, Hydraform, has proposed in troducing a 
system that a llows ind iv idua ls  to m anua lly  produce low cost 
concrete  roof ti les. This system, nam ely the A g ri-T i le  system, 
u t i l ises techno logy s im ila r to that used by a number of other 
com mercia l com panies wh ich have success fu l ly  produced large 
numbers of low cost concrete  t i les  used on roofs in other 
countr ies. Case studies of three of these com pan ies revealed that 
these low cost roof t i les  prov ide acceptab le levels o f performance 
wh ile  rem ain ing re la t ive ly  cheap.

In it ia l research into the strength and s trength -ga in-over-t im e 
charac te r is t ics  of the Agri-T ile? (as well as the e ffect on the 
s trength  of the t i les  when they were produced using f ive  d ifferent 
f ine  aggregates) revealed that while  (his system of t i le  production 
has potentia l it also has a num be1, o f problems.

The potentia l shown by the low cost concrete  t i les , the need fo r  
such a roof covering on the South African market and the general 
lack o f in fo rm ation  e n c o u n te r e d  on the top ic  of low cost concrete 
t i les  ind ica ted that there is a need fo r  a thorough evaluation of 
th is system of t i le  production  and of the tiles them selves.
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After consu lt ing the South A fr ican Bureau of Standards and the 
Agrem ent Board of South A fr ica  an eva luation of the tile 
p roduction system, the t i les  them selves and the materia l used to 
produce the tiles was undertaken using the A g ri-T i le  as a case 
study.

The evaluation revealed that only a fte r s ign if ican t m odif ica tion 
was the Agri-T ile  system capable of p roducing t i les  which, when 
produced in the con tro lled  env ironm ent of the laboratory, 
cons is ten tly  met the s trength  requ irem ents of the South African 
Bureau of Standards. In add it ion, the m od if ica tions made to the 
t i le  production system e lim ina ted  the need fo r  prefabricated 
moulds, which is the most expensive item of equ ipm ent needed to 
produce the tiles. The qua li ty  o f the t iles was s t i l l  highly 
dependent on the workm ansh ip  used to produce them and as 
such no guarantee of qua li ty  w ill be ava ilab le  if the t iles are 
m anufactured in an uncontro lled  environment.

System atica lly  changing the grading p ro f ile  o f  the sand used to 
produce the tiles revealed that the t i les  may be produced from a 
w ide range of sands w ith  d iffe ren t grading profiles w ithout 
com prom is ing the s trength  o f the tiles.

It was therefore  concluded that in p r inc ipa l the Ag ri-T i le  approach 
using the proposed m ould ing system and a very w ide range of 
sands could make a con tr ibu tion  to the supply o f  low cost roofing 
m ateria l. However, str ic t contro l over qua lity  would  be necessary 
and the author doubts whether th is could be achieved 
cons is ten tly  over a wide range of bu ild ing sites.
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1 INTRODUCTION
1.1 IMPORTANCE OF THE ROOF

"The ab il i ty  of any build ing to fu lf i l  the purpose fo r  which it is 
in tended depends on a g reat many considerations, but its 
e ff ic iency  as a dwelling house or fo r  the purpose of 
m anufacturing or storing goods is governed more by the qua lit ies  
of its roof than by any o ther fac to r."  (B lake 1945)

Blake made this comment because he fee ls  that the roof is the 
e lement of the structure tha t provides the occupants w ith the only 
she lte r they have from the e lements, and as such, if a structure 
has a bad roof it w il l be a fa ilu re  from the start. As a result he 
concludes that no matter how sound the founda tions  or strong the 
walls, these or any other steps taken to make a bu ild ing habitable 
w ill be in vain if the roof fa i ls  in its primary task of pro tecting the 
ins ide of the build ing from the e lem en ts . 1

1.2 ROOF FUNCTIONS

In order to understand why Blake makes the above s ta tem ent it is 
im portant to understand the func t ions  of the roof.

Br ie fly  the roof is one of the parts of the build ing enve lope and as 
such it contr ibu tes towards the thermal insu la tion  of the structure. 
It helps maintain a s teady tem pera ture  in the structure, which is 
requ ired to keep the occupants com fortab le  and hea lthy. An even 
tem pera ture  is also required by s tructures that are built to fu lf i l a 
spec if ic  function such as hosp ita ls , g reenhouses and schools. 
The tem pera ture  of the roo f and wa lls  of the s truc ture  determ ines 
w hether or not condensation  of wa te r vapour in the a ir  will take 
place on these su rfaces . 2 A roo f must also be able to 
accom m odate thermal movement assoc ia ted w ith temperature 
extremes w ithout losing its in tegrity.

It is essentia l tha t the roo f is durab le, as fa ilu re  o f the roof will 
resu 't  in frequent costly repa ir  or the redundancy of the structure. 
' ! hr1 e lements and com ponents of a roo f  must be des igned to have 
£ Jaq^ate s tructura l s trength  so tha t it remains intact, s table and 
has lim ited, contro lled de form ation  under work ing stresses due to 
dead and imposed loads. A large proport ion  of external noise will 
be transm itted  into the s tructure  if the roof does not provide 
adequate sound insu la tion  g iv ing rise to uncom fortab le  cond it ions 
for the occupants.



Some of the bu ild ing m ateria ls  used to construct roofs are 
f lam m able and as f ire  is a potentia l th rea t to both life and 
property  the roo f should o ffe r a degree o f f ire  p ro tection to the 
occupants and/or owners of a structure.

Most s tructures go through some sort o f evo lu t ion  in the ir 
life time. In order not to impede any changes tha t the owners 
might want to make, and so reduce the po tentia l usefu lness and 
e ff ic iency of the structure, the roo f should o ffe r a degree of 
adap tab il i ty  and lend itse lf  to m odif ica tion.

The roof is one of the most exposed parts of the s tructure  4, and 
as such it should lend itse lf  to s imple cost e ffec tive  maintenance 
so that the s tructure  does not lose in tegrity  due to lack of 
maintenance

In most cases one o f the prim ary cons idera t ions arch itects  and 
deve lopers take into account when se lec ting  a roof type is the 
c o s t /  As such no m atter how success fu l ly  a roo f meets the above 
requ irements it w ill ,  in most cases, not be cons idered  if it is too 
costly.

1.3 THE SOUTH AFRICAN SITUATION

The South A fr ican popula tion is cu rren tly  estimated at 
38 m il l io n .5 The unemploym ent rate is estim ated at 30 percent of 
the active  popula tion at national level reach ing as high as 49 
percent in urban areas. An average of 49 percen t of the 
popula tion lives in urban areas and the annual popu la tion  growth 
rate, measured between 1991 and 1994, was 2.1 percent 
representing a popula tion growth of 150 percent w ith in  the next 
20 years. The Urban foundation  has estimated that the popula tion 
of Gauteng will rise from the curren t 7.2 m ill ion  to 20 million 
w ith in  the next 20 years, o ther m etropo litan  areas such as Durban 
and Cape Town are experienc ing  s im ila r growth pa tte rns .6 This 
ind ica tes a strong tendency toward urban isa t ion  and one of the 
overr id ing soc io -econom ic im p lica t ions o f rapid urban isation is 
that most urban im migrants are of low-income status. The high 
popula tion growth and unem ploym ent rate com bined with the 
congregation of the low-income class in concentra ted  areas has a 
fundam enta l e ffect on the demand fo r  low-cost hous ing .7 The 
Urban founda tion  estimated that in 1993 the housing shortage 
was approx im ate ly  1.8 m ill ion units, wh ich would rise to 4.7 
m ill ion  units by the year 2 0 0 0 . 8



The urgent need fo r  the prov is ion of housing is apparent. 
However th is need foi housing is not only a need fo r  shelter, but 
housing also plays im portant soc io -econom ic  and po lit ica l role in 
the s tructure  of a country. Adequate housing is a p rerequ is ite  for 
stab il ity , we lfare  and mutual und e rs tan d ing .8

At present low-cost housing in South A fr ica can be d iv ided into 
two ca tegories  namely form al and in formal low-cost housing.

The fo rm a l  lo w -c o s t  h o u s in g  s e c to r  com prises mainly 
conventiona l houses, which are erected by commercia l 
con trac to rs . 8 These houses genera lly  make use of trussed roofs 
covered w ith ga lvan ised steel sheeting. This can be seen in the 
spec if ica t ions fo r  the A lpha House (the A lpha house was 
designed by the CSIR as an a lte rna tive  approach to low cost 
housing) and in the spec if ica t ions fo r  the MANTAG houses 
(houses designed to the minimum cr ite r ia  of the Agrement Board 
of S.A.).

Due to a lack of f inance  the  in fo rm a l lo w -c o s t  h o u s in g  s e c to r  
consists to a great extent of squatter shacks, erected by the 
occupants, using any materia l ava i la b le . 8 Once again galvanised 
steel is the most common roof covering. These informal low-cost 
houses attempt to copy conventiona l roofing, which accord ing to 
O livera 1993 has the fo llow ing common repercuss ions:

e The roo f is a replica of an orig ina l, except here in fe r io r
workm ansh ip  and m ateria ls  are used to construct an ill
des igned roof, w ith the result that it is often s truc tura lly  
unsound and there is a poor u ti l isa tion  of materia l

• Roofs cannot be upgraded or extended due to the lack of 
sk il led  workm ansh ip  and the ab il i ty  to design the necessary 
a ltera tions

• Conventiona l roof coverings are not necessarily  aimed at
making use of local resources and as such these are not 
always the most v iab le  roof fo r  the s ituation

• Roofing m ateria ls  such as galvan ised steel sheeting are
m anufactured outs ide the community, there fo re  money used to 
purchase this m ateria l leaves the community

It can be seen in the cost comparison, com m 'ss ioned by the 
Concrete M anufacture rs  Assoc ia t ion  and compiled by Professor R 
Schloss and Dr R Nkado that cu rren tly  ga lvan ised steel is the 
cheapest form of roofing availab le. This combined with the fact 
that ga lvan ised steel is re la tive ly  easy to erect has made it one of 
the most a ttrac t ive  forms of roofing materia l fo r the low cost 
builder.
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However due to the fact tha t ga lvan ised steel sheeting is a thin 
dense covering it has a number of d isadvan tages when used as a 
roofing materia l, these are:

e Poor acoustic  and thermal performance
• A lim ited life span, part icu la r ly  in coastal or h ighly polluted 

environm ents
« Loca lised corrosion resu lt ing  from abras ive cu tting  and nailing 

resu lts  in a reduced life span
• Poor qua lity  sheeting is being imported from abroad and used 

in low cost housing. Th is  results in a poor qua lity  roof that is 
h igh ly  suscep tib le  to any form of damage and as a result has a 
very lim ited life span

Accord ing  to the Anglican priest Jeremy Platt, who lived in the 
in formal settlem ent V lak fon tien  which is s itua ted  south of 
Johannesburg "the main d if f icu lty  experienced by the homeless in 
e rec t ing  s truc tures was the roof, wh ich is com plica ted  and time 
consuming to build. The roc f invariab ly  leaked and had no ceiling 
or insu la tion, th is made cond it ions unbearab le  in temperature 
ex trem es ’’ . 7

In conc lus ion  the rapid popula tion growth, u rban isa t ion  and high 
rate o f unemploym ent p resen t in South A fr ica  have all contributed 
to a h igh demand for low-cost housing and cheap construction 
m ateria ls . At present the roofing requ irem ents o f the iow-income 
section of the com munity are being fu lf i l led  by the use of 
ga lvan ised steel Sheeting. In the light of the com pelling opening 
s tatements by Blake and the above quo ta t ion  from Jeremy Platt it 
can be seen tha t using ga lvan ised steel as a roo f covering could 
compromise the in tegrity  o f the en tire  house. In fact in a report 
conducted by The Institu te  for Race Re la tions in 1975 M H 
Hubbord, J Humphrey and  V Domingo state tha t during a survey 
of the res idents  of four squa tte r se ttlem ents around Cape Town it 
was found that some of the main com pla in ts  made by residents 
about the ir  houses were re la ted to the roofs. Compla in ts such as 
leak ing  roofs and houses which were too co ld and unhealthy were 
common.

As a resu lt the author fe lt  that a roo f covering which is re la tive ly 
cheap, durab le  and therm a lly  acceptab le , which util ises local 
m ate ria l and labour  thereby improving the cash economy of the 
com m unity  is required as an a lte rna tive  to galvanised steel 
sheeting.

In order to estab lish  w hether such a roof covering is availab le  in 
South A fr ica a survey o f  the various roo f coverings availab le on 
the South A fr ican market will be reported in chapter 2 of th is 
thesis.
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Flow chart 1: The need for a cost effective, durable and 
thermally acceptable roof covering

Population
growth

W hat roo f coverings are 
ava ilab le  on the South 
A fr ican market?

Unemployment U rban isation

High demand fo r  housing and 
cheap construc tion  m ateria ls

The use of ga lvan ised steel 
sheeting resu lt ing  in houses, 
which prov ide occupants with 
unsu itab le  liv ing environm ents

The need fo r  an a lte rna tive  roof 
covering which is re la tive ly  
cheap, durab le  and therm ally  
accep tab le
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2LALTERNATIVE ROOFING IN SOUTH 
AFRICA

««• ~vg..  .  !■ — —im iw i i T

2.1 THE IDEAL ROOF

From the in troduction it is c lear that there is not only an urgent 
demand fo r  low-cost housing in South A fr ica  but there is also a 
need to f ind a su itab le  type of roof covering to be used on these 
structures. However, before assessing the var ious types of roof 
coverings availab le on the South A fr ican market, it. is important to 
estab lish  the requirements for the roo f of a low-cost structure. 
The in troduction to th is thes is  touched on the requ irem ents for a 
roof of a genera l-purpose structure  and th is w ill be expanded on 
here with specia l emphasis being placed on the requirements for 
the roof of a low-cost dwelling.

Cost
In terms of low cost housing the cost o f the roo f w ill in all 
l ike lihood be the sing le most im portant fac to r  cons idered by the 
prospective  homeowner. No matter how well the roof meets the 
rest o f the requirements p laced on it, it w ill not be considered if it 
is too expensive. A roof designed with the low-income section of 
the com munity in mind must there fo r be at least as cheap as the 
cheapest a lte rna tive  or face  the poss ib i l i ty  o f being overlooked 
fo r  the cheaper a lte rna tive  no m atter how the performance 
character is t ics  of the two roofs compare.

Main tenance
The in it ia l cost plus repa ir and m ain tenance costs of the roof 
during the life of the s tructure  should not cause it to be more 
expensive in tota l than any a lte rna tives or the in it ia l cost saving 
will be in vain.

Durab il i ty
The roof is the most exposed part of the s truc tu re4. Due to the 
pos it ion  of the roof it receives more d irec t and pro longed 
exposure to the forces of nature than the o ther com ponents of the 
structure , such as the wa lls  do, and as such it should resist 
damage caused by wind, rain, hail, f ros t and live and dead loads 
during the life time of the structure.
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W eather resistance
The main function of a structure  is to pro tect the occupants from 
the elements. One of the main funct ions of the build ing envelope, 
of which the roof is a major part, is to con tr ibu te  towards the 
ach ievem ent of a reasonably  s teady tem pera ture . An even 
tem pera ture  is required to ensure the comfort o f the occupants or 
for the spec if ic  funct ion  of the structure. W ater vapour in the air 
condenses when it comes into contact with a roof that is below 
the dew point tem p era tu re . 2 W ater drop le ts tha t form can cause 
deter io ra t ion  of roof t imbers as well as unhea lthy  conditions for 
occupants. As a result it is p re ferab le  that the roo f remains above 
dew po in t temperature. Due to f inanc ia l constra in ts  it is not 
env isaged that add it iona l insu la tion or w a te rp roo fing  will be used 
to supp lem ent the perform ance of low-cost structures. The roof 
must there fo re  provide the occupants of the s tructure  with as 
much pro tection  as poss ib le  from the e lem ents of nature to 
ensure comfortable, hea lthy liv ing cond it ions. From the 
in troduction  it can be seen that fa i lu re  of the roo f will result in the 
fa ilu re  of the structure  as a whole. The roof must also be able to 
accom m odate thermal movement due to the extremes in 
tem pera ture  to which it is sub jected w ithout los ing its integrity.

S trength  and s tab il ity
As with all s tructures the structura l e lements and components of 
the roo f of a low cost house must be des igned fo r  adequate 
strength to remain intact, stable and with limited, contro lled 
deform ation under work ing stresses due to dead and imposed 
loads.

Sound insula tion
The noise level in the env ironm ent in which a structure  is built 
can have a s ign if ican t impact on its in terna l l iv ing environm ent as 
a la rge portion of external noise will be transm itted  into the 
s truc ture  if the roof does not provide adequate sound insula tion 
and th is  may result in uncom fortab le  cond it ions fo r  the occupants. 
This w il l  be emphasised in a low-cost s truc ture  which has no 
add it iona l sound insula ting materia l such as a suspended ceiling.

Fire pro tection
Fire is a potentia l th reat to both life and property  and the roof 
shou ld  o ffe r a degree of f ire  p ro tection to the occupants and/or 
owners of a structure. If the m ateria ls  com posing the roof are 
f lam m ab le  they may ign ite  due to exposure to intense radiant 
heat and flame from f ires in adjacent bu i ld ings  or, a lternative ly, 
due to burning materia l carried on ris ing hot air which may lodge 
on roo f  coverings. This is espec ia l ly  true in low-cost housing  
where houses are often bu ilt  very c lose to one another and where 
people  re ly on open fires and para ff in  stoves for heating and 
cooking.
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Adaptab il i ty  and modif ica tion
Most but espec ia l ly  low-cost s truc tures go th rough some sort of 
evo lu tion in the ir  life time. In o rder not to impede any changes 
that the owners might want to make, and so reduce the potentia l 
usefu lness and e ffic iency of the structure, the roof should offer a 
degree of adap tab il i ty  and lend itse lf  to modif ica tion.

2.2 Alternative types of roofing available on the 
South African market

Having estab lished that the requ irem ents fo r  the ideal low-cost 
roof covering are:

e LOW COSt
« in frequent and inexpensive m aintenance 
o Durab il ity
• W eather res istance
• S trength and stabi l i ty
• Sound insula tion
• Fire pro tection
» A dap tab il i ty  and m odif ica tion

it is im portant to evaluate the var ious roo f coverings ava ilab le  on 
the South A fr ican market and to ascerta in  how well these roof 
coverings meet the above requ irements.

The in form ation fo r  the eva luation was obta ined from a number of 
local com pan ies but, due to the var ia t ion  in qua lity  o f product 
produced by d iffe ren t companies on ly  those com pan ies which are 
the leaders in the local industry were inc luded in the survey. 
During th is  survey it became apparent that there is a d is t inc t lack 
of techn ica l in form ation ava ilab le  from m anufacture rs  of roof 
coverings. The in formation that is ava ilab le  is d iff icu lt  to in terpret 
and use for the purpose of com parisons due to the w ide range of 
tests, units and standards used to determ ine the information.

The roofing ava ilab le  on the South A fr ican market can be divided 
into fo u r  categories, namely  organ ic, meta llic , synthetic  and 
m ineral roof coverings.
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2.2.1 O R G A N IC  R OOF C O V E R IN G S  

THATCH

The thatch ing ava ilab le  in South Afr ica can be div ided into two 
classes, commercia l and trad it iona l.

Commercial Thatch

There are a large number of com m erc ia l thatchers in South Africa 
and, as thatch ing is as much a craft as a product, it is apparent 
that the qua lity  o f  roo f produced will vary from company to 
company. For th is reason the au thor used in form ation supp lied by 
Letaba Thatchers who cla im to be the largest tha tch ing  company 
in the Southern Hemisphere.

Cost
Thatch is more expensive than conventiona l roofing such as 
concrete  tiles, f ib re  cement and galvan ised steel sheeting. This is 
compounded by the fac t that tha tched roofs have a steep pitch 
requ ir ing add it iona l materia l, are heavy, wh ich means they 
requ ire  add it ional t im ber support and it is required that l ightning 
conductors must be ins ta lled  next to thatch roofs to reduce fire 
hazards. Thatchers claim this cost is o ffset by the gain in usable 
areas (ie dormer w indows and a mezzanine level) tha t accompany 
a thatched roof. On average thatch will cost approx imate ly  R180 
per square metre of roof area. Thatch can be insured, but 
insurance companies charge a premium of between 2 0 % and 
30%, judg ing  each case on ind iv idua l merit.

M aintenance
All Letaba roofs are m ain ta ined for a period of 5 years, free of 
charge (exclud ing storm damage). A fte r  th is a roo f should be 
serv iced at 10 to 12 year in terva ls. A thatched roo f ’s natural life 
span Is 35 years a fte r which a 70mm to 100mm layer of new 
thatch should be p laced over the existing roof.

Durab il ity
Properly  laid thatch can last in excess of 35 years.

Performance

Thermal
No thermal res is tance ca lcu la tions have been conducted on South 
A fr ican thatch. Experience has however shown that, due to the 
large number of air vo ids w ith in  the thatch grass, it has excellent 
therm al insula tion p rope rt ies . 2
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Acoustic
Thatch provides superio r acoustic  insu la tion to both a irborne and 
impact no ise when compared to most roof coverings part ly  due to 
the fact tha t grass is placed in heavy, dense compacted bund les . 9

Strength and s tab il ity
Thatched roofs u til ise rugged construc tion  methods and materia l. 
The t im ber (which is obta ined from Eucalyptus trees) has a high 
res is tance to stress compared to softwood. Rafters are spaced at 
a maximum of 700mm centres, jo in ts  in the ra fte rs  are spiked with 
150mm to 200mm nails and bolted at the main stress points. Main 
stress po in ts  are the main tie  beams, co l la r  t ies, sc issor braces, 
ce il ing  jo in ts  etc. Bolt sizes vary from 12mm to 24mm in diameter.

The grass used is the Hyparrhen ia  species. It is hand cut and 
only s tra igh t pieces are used. The grass varies between 760 and 
1 0 2 0 mm long and the th ickness of the th ick  ends of the grass 
varies between 1.8 to 4mm th ick. Cape Tha tch ing  Reeds are used 
if  spec ia l ly  requested by a customer. It is p re ferab le  to use grass 
in the same c limate as that where it o r ig ina tes  as opposed to 
moving it to fore ign cond it ions that w il l  cause it to deterio ra te  
more quickly.

Fire p ro tection
Fire res is tan t b lankets made from substances such as s isa la tion, 
Burl ing ton  cloth or hessian soaked in a cement gypsum s lu rry  are 
used to reduce the risk of f ire  in thatch roofs. S isa la tion is the 
most com monly used in South Afr ica. It is insta lled  underneath 
the thatch and allows a very s ligh t a ir f low  which prevents a high 
hum id ity  from bu ild ing up in the thatch which can result in the 
growth o f fungi and bacteria. The CSIR has tested and approved 
the f ire  rating of Letaba thatch.

Advantages
e Tha tch  is aesthetica lly  p leasing.
« Thatched roofs have a po ten tia l ly  large usable roof space.
» Tha tched roofs have good thermal and acous tic  performances

Disadvantages
• Tha tch ing  is a trade and not a product. As such there is a 

large d iscrepancy in perform ance of roofs ins ta l led  by d iffe rent 
companies. Letaba and a few  (approx im ate ly  6 ) o ther thatchers 
have formed the Master Tha tchers  Assoc ia t ion  of South Africa 
to improve the image o f tha tch ing  and p ro tec t the consumer  
aga ins t poor workm anship. However very few  tha tchers  have 
jo ined  and a large number of small tha tchers  are stil l working 
on a very in formal basis, p roducing a poor qua li ty  product 
which is ta rn ish ing  the reputa tion of the South African 
tha tch ing  indus try .9
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o L ightn ing conductors are required which increases cost.

« Repair and m aintenance is expensive.

» M aintenance is required.

e The add it iona l layer of 70mm to 100mm of thatch placed over 
the existing roof every 1 0  to 1 2  years, as part of the 
maintenance of the roof, p laces an add it iona l load on the load 
bearing walls  and supporting t im ber roof structure.

« Insurance premiums are high.

• Fire hazard is g reater than in s tandard construc tion  methods. 

T ra d i t io n a l  th a tc h

Trad it iona l thatch is mostly used by the ind igenous population in 
rural areas. It is a craft, passed from genera tion  to generation, 
which is gradua lly  being lost as people move to urban areas and 
o ther bu ild ing materia l is substitu ted  fo r  thatch. As with 
com m erc ia l thatch the qua li ty  of the product is la rge ly  dependent 
on the sk il l of the craftsman. There is there fo re  a large varia tion 
in the qua li ty  of roofs produced.

As land is bought and access to it is res tr ic ted  the local 
ava ilab il i ty  of su itab le  roofing m ateria ls  fo r  use by the rural 
com m unit ies is becoming more scarce.

Cost
Thatched roofs of rural houses are often cheap. The labour used 
to construct the houses is supp lied by those who intend inhabiting 
the house and the bu ild ing m ateria ls  used are co llected from the 
surrounding area. The durab il i ty  and m ain tenance of the roofs w ill 
be determ ined by the qua li ty  of the workm ansh ip  and materia l 
used in the construction of the roofs.

P e r fo rm a n c e

Thermal
The thermal and acoustic  perform ance of t rad it iona l thatch is high 
when com pared to other roofing materia l. However th is is once 
again dependent on the th ickness and qua lity  o f the roof covering 
and the skill of the thatcher.

Strength and s tab il ity
As w ith the thermal and acoustic  perform ance, the strength and 
s tab il i ty  o f the trad it iona l thatch roof w ill depend on the qua lity  of 
m ateria l and workm ansh ip  which goes into the roof and, as such, 
will vary from roof to roof.
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Fire protection
Trad it iona l thatch roofs o ffe r very l itt le  pro tection from fire. No 
f ire  b lankets or f ire  re ta rdant chem icals are used and these roofs 
are potentia l f ire  hazards.

Advantages

e A cheap, e ffective  roof 
• Good thermal and acoustic  properties, 
e M ateria l can be obta ined from the env ironm ent 
® Labour is supplied by the potentia l occupants or by the 

com munity

Disadvantages

« Skilled thatchers from the ind igenous popu la tion  are becoming 
fewer.

• M ateria l fo r tha tch ing  is more d if f icu lt  to obta in as land is 
fenced o ff  and access is restr icted.

• Regu lar maintenance is required.
» There is a high risk o f f ire  associated w ith  trad it iona l thatch 

espec ia l ly  where houses are constructed c lose together.
» The qua lity  of the roof is highly dependent on the qua lity  of the 

materia l gathered and the workm ansh ip  supp lied by the 
occupants, causing the qua lity  of the roofs to vary 
sign if icantly .

2.2 .2  M E TA LLIC  ROOF C O V E R IN G S  

PRESSED METAL TILES

A South A fr ican company, Harveytile , produce pressed metal ti les 
from metal b lanks produced by Iscor. The metal b lanks are 
ga lvan ised  and form a substra te  which is pro f iled  and then 
sub jected to a phosphate trea tm ent before being coated with a 
100% acry lic  coat on both sides, (this fu r the r  inh ib its  rust). Stone 
g ranu les  are then applied a long with ano ther acry lic  coat before 
the t i le  is cured in an oven. Harveytile  produce 3 pro files  of which 
on ly  one, the Academ yti le , can be used w ith in  10km of the coast. 
The Academ yti le  uses a specia l high perform ance substrate from 
Iscor that has 60% more ga lvan is ing  than a conventional 
Harveytile .
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Ins ta lla tion
It shou ld be noted that Harveytile  produce a com prehensive range 
of sundries includ ing fac ias, ridges, bargeboards, f lashings, hips, 
va l leys  and nails. Harveytiles  are easily insta lled provided a few 
basic ru les are fo llowed.

Trusses to be used are s tandard l igh twe igh t 114x38mm trusses 
spaced at 1100mm. Battens ere 38x38mm, spaced at 369mm 
centres. The roof pitch shou ld  be between 15 and 45 degrees if 
no underlay is used. Accord ing  to Harveytile  roof p itches of 
between 10 to 15 and 45 to 90 degrees require an underlay.

T iling should start from the bottom and proceed upward, however 
if  th is is not possib le  you can start at the top and work your way 
down. Laps should face away from ra inw ater d ischarges onto the 
roof.

Nailing should be done through the top weather protected 
surfaces, using 40-50mm serra ted Harveytile  nails. Nail heads 
must be touched up with Harveytile  touch up paint (to hide the 
nail and to prevent rust). Cut edges of t i les  and accessories must 
a lso be touched up in th is way.

Cost
Cost w ill vary depending on the quantity  o f t i les  the custom er is 
ordering. For small quan tit ies  of t i les custom ers should go to 
Cashbuild  who are the main d is tr ibu to rs  fo r  Harveytile . For 
medium to large projects custom ers can go d irec t ly  to Harveytile. 
An approxim ate cost per square metre of erected roo f area would 
be R170.00. Insurance com pan ies v iew a Harveytile  roof as a roof 
constructed using s tandard build ing methods and as such 
insurance premiums for th is  type o f roo f are standard.

Maintenance
The m anufacturer cla ims that no m ain tenance o f a Harveytile  roof 
is required.

D urab il ity
W hile  no approximate life span can be prov ided fo r  Harveytile  
roofs, as the f irs t roofs erected are still in use, the company 
o ffe rs  a 30 year guarantee on the metal substra te  and a 15 year 
guarantee on the coating.

Performance

Therm al
On the 5 th of Apri l 1994 Harveytiles  were tested in accordance 
with SABS Test 722/85 206 /M A 27 .3 This was a com parative  test 
incorpora ting  a room w ith various roofs which were subjected to
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an externa l tem pera ture  of 35°C fo r  16 hours. A fte r  th is time the 
foilov. -ng in ternal room tem pera tures were observed:

This ind icates tha t therm ally  Harveytile  has superio r  performance 
to normal ga lvan ised steel sheeting, but does not perform as well 
as concrete roof t i les  or asbestos cement sheeting.

Acoustic
The acoustic  perform ance of Harveytile  was com pared to that of 
ga lvan ised steel sheeting and concrete  roof t i les using SABS Test 
717/85/61 conducted on the 13th of December 1995. The f ind ings 
were tha t Harveytile  outperform ed the steel sheeting but did not 
perform as well as concrete roof tiles. However both Harveytiles 
and concrete t i les  were w ith in  acceptab le  limits (The advantage 
of concrete t i les  was a la rger mass, but they had larger gaps 
between t iles which im paired the ir  perfo rm ance ) . 3

Rain res is tance
Harveytile  carries the SABS cyclone cert i f ica te  as well as the 
French equ iva len t ce rt i f ica te  and th is enables th is product to be 
used on is lands such as M aurit ius. The m anufacture r cla ims that 
Harveytile  is leak proof.

Strength and s tab il i ty
Harveytile  carries the SABS stamp of approva l and its production 
conforms to the SABS 0157 qua li ty  management system listing as 
well as to SABS ISO 9002. The entire  Harveytile  system holds 
Agrem ent Certif ica te  87 /174 .3

Fire
Harveytile  passed SABS Test DIN 4102 part 7 wh ich means it is 
regarded as non com bus t ib le . 3

Advantages

» L ightweight [ low transport, handling, t im ber support costs]
® Easy, quick and cheap ins ta l la t ion
o Nailed in position [not easily  removed by th ieves or wind]
* Extens ive ly  tested [extensive techn ica l data ava ilab le ]
• Ve rsa t i le  [p itch 10-90 degrees]
« Proven track record
» Coating guaranteed fo r  15 years, substra te  guaranteed for 30 

years
» Full range of accessories ava ilab le

IBR pro f i le  ga lvan ised steel sheeting 
Concrete roof t i les 
Asbestos cement sheeting 
Harveytile

29.3 °C 
27.1 °C
27.6 °C
28.7 °C
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Disadvantages

« Therm al & acous tic  perform ances are in fe r io r  to those of 
concrete  tiles

e Steel t iles will even tua lly  corrode
• Shaketiles and E lite t i les  (two of the p ro f iles  produced by 

Harveytile ) can rust if  used w ith in  10km of the coast (the use 
of these pro files  in such close proxim ity  to the coast would 
be aga inst the m anufacturer's  spec if ica t ions, as Academ yti les 
are designed fo r  this app lica tion)

• When walking on a Harveytile  roof a person should walk in the 
va lleys  if wa lk ing  up the roof, or along the battens if  walk ing 
along the roof. Failure to do this could result in dents.

» Care less or neg ligen t roofers might not cover cut edges of tiles 
or nail heads w ith  touch up paint which wil! resu lt in rust and 
the prem ature fa ilu re  of the roof.

GALVANISED STEEL SHEETING 

Iscor

Iscor produces a large proport ion of the steel used for roofing in 
South A fr ica  and the m ajority  of the com pan ies which p ro f ile  steel 
roof shee ting  use Iscor's products most, if not all of the time. 
Large hold ing com pan ies such as Baldw ins Steel, wh ich is 
comprised of com pan ies such as Brownbuilt, HH Robertson, 
Longtile  and Vetco Engineering, do from time to t ime im port steel 
for the m anufacture of roof sheeting. However th is is the 
exception and not the rule.

For roofing purposes Iscor produces two main products namely 
ga lvan ised steel sheeting and Chromadek, which is pre-pa in ted 
ga lvan ised steel sheet. These two products w ill be dea lt with 
separate ly. Iscor produces roofing steel, they do not p ro file  their 
own range of roo f sheeting. Most companies producing profiled 
roof sheeting not only use Iscor's products but also use the 
techn ica l spec if ica t ions provided by Iscor for the ir  roof sheeting 
regard less of the end profile  produced. Having sa id that, all of the 
in form ation supp lied  by Iscor will apply to all of the roofing 
produced by the manufacturers of profiled steel roof sheeting 
using Iscor's  products.

Hot dip galvanised cold rolled steel sheets

It shou ld be noted that Iscor provide a wide range of th is product 
both in grade and coating. W hile  Iscor recommend certa in  zinc 
coating and substra te  th icknesses for spec if ic  app lica tions it is 
the p ro f i l ing  com pan ies who decide which spec if ica t ion  o f steel 
they w il l  use to produce the ir  roo f sheeting.
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Gauge
Cold rolled: 0,4mm to 2,0mm

Selection of the th ickness and type of s tee l substrate is based on 
s tructura l and m echanica l requ irem ents. Two types of steel 
substra te  can be ordered form ing grades that are more ductile , 
which are used for general roofing app lica tions, or  structural 
grades that are used where the app lica tion  calls for a more rig id 
sheet. Sheets ranging between 0.4 and 0.8mm thick are 
recom mended for roofing. The list be low  gives the sheet 
th icknesses and the various w idths and f in ishes  in which they are 
availab le.

Thickness(m m ) Widthximm) 
Regular spangle

W idth(mm) 
M inim ised spangle

0,4 600-1200 600-1175
0,45 600-1265 600-1175
0,5 600-1330 600-1175
0 , 6 600-1330 600-1175
0 , 8 600-1330 600-1175

Coating - spec if ica t ion fo r  manufacture

Galvan ised sheet is produced on con tinuous  zinc coating lines to 
the requ irem ents of BS 2989, ASTM A924 & A653 and SABS 934. 
The ga lvan is ing  process y ie lds an even ly  z inc  coated sheet with a 
bright, smooth, m eta ll ic  f in ish. The f in ish  can be supplied with a 
normal or a m inim ised spangle f in ish. Z inc  coatings of d iffe rent 
th icknesses can be supp lied to su it spec if ic  end-use 
requirements. The th ickness of the z inc  coating is se lected 
accord ing to the corros ion res is tan t life  expectancy required. (8 8 - 
Brit ish  Standard, ASTM -Am erican S tandard  fo r  Testing Materia l).

For roofing purposes galvan ised coa t ings  from Z 275 up are 
recommended. Z 275 ind icates z inc  coating with a normal 
th ickness of 19 micro metres and, us ing the tr ip le  shot test, 275 
grams of z inc per metre. The tr ip le  shot test is carried out by 
m easuring the z inc coating at three loca tions  on the galvanised 
sheet.

Bonding and coating
To ensure good adhesion of z inc to the substrate, bond tests and 
impact adhesion cupp ing tests are perform ed on all products 
ir respective  of spec if ica t ion . The im pact test is severe and 
ind ica tes poss ib le  adhesion problems w e ll in advance. Coated 
shee t bond test specimens are requ ired  to bend i 80° in any 
d irec t ion  w ithout the coat f lak ing  on the ou ts ide  bend only.
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Zinc coating surface f in ish
A z inc coated surface f in ish  has a m eta ll ic  lustre as the result of 
an unrestr ic ted  growth of z inc  crysta ls  during normal 
so lid if ica tion . Varia tions in the size and brigh tness o f spangles 
are possib le  depending on the ga lvan is ing  process and 
conditions, but this has no effect on the qua li ty  and corrosion 
res is tance of the coating. Normal spangle  is supp lied fo r  a wide 
range of products where over-pa in ting  is done at a la ter stage for 
maintenance purposes.

F lattened M inim ised Spangle
This coating is obtained by res tr ic t ing  normal z inc  crystal growth 
by spraying the sheets w ith a liquid, which is composed of a 
specia l blend of chem ica ls and between 60% and 70% water, as it 
emerges from the z inc  tank. It o ffers improved f lex ib il ity .  This 
f in ish is recommended fo r  app lica tions where high gloss paint is 
required.

Painting
Chemical convers ion coatings and primers have been developed 
to provide good adhesion of subsequent pa in t f ilms to the 
galvan is ing .

Cost
A large number of com pan ies buy isco r ’s ga lvan ised steel 
sheeting, profile  it and then resell it. The cost of the profiled 
galvan ised steel sheeting varies accord ing to the profile  and 
gauge of the sheet and from company to company. Costs range 
between R120 and R200 per square metre o f roofing area 
insta lled. Insurance prem iums are s tandard as th is roof covering 
is regarded as s tandard construction  practice.

M aintenance
Galvan ised sheeting should be painted before signs of red 
corros ion appear.

Durab il ity
Under normal cond it ions the zinc coating is consumed gradually  
through a tm ospheric  corrosion . O bvious ly  the pro file  o f the end 
product w ill impact on life span by creating micro c limatic  
cond it ions (such as overlaps from which trapped water cannot 
escape). The fo llow ing tab le  reflects genera lly  accepted exposure 
periods in years fo r  typ ica l coatings in d iffe ren t environments 
before red corros ion might be v is ib le  on 5% of the sheets' 
surface.
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Coat ing
des ig na t ion

Y e a r s  in rural  
e n v i r o n m e n t

Y e a r s  in
indust ria l
e n v i r o n m e n t

Y e a r s  in mar ine  
en v i r o n m e n t

Z 275 15-25 1 0 - 2 0 = < 1
Z 450 25-40 15-20 5-8
Z 600 |4 0 -6 0 20-25 8 - 1 2

Performance

The general performance of profiled ga lvan ised steel sheeting is 
in fluenced by the profile  o f the sheeting as d iffe ren t profiles have 
d iffe ren t water shedding capabil it ies , which in turn in fluence the 
pitch of the roof. The pro file  of the sheet w ill also in fluence the 
micro c l im a tic  cond it ions created at construc tion  deta ils  such as 
overlaps and the methods used to f ix  the sheeting to the tim ber or 
steel s tructure  of the roof, all of which impact on the strength, 
durab il i ty , weather perform ance and cost of the roof.

There are however a large number of d i f fe ren t pro files  available 
some of which are h igh ly  specia lised. The spec ia lised  sheets are 
designed to improve f ix ing  methods (the sheets are c lipped 
together) or the insu la tion propert ies of the roof. The specia lised 
sheets are more expensive and as such are not su itab le  for low 
cost roofs. The perform ance charac te r is t ics  d iscussed below are 
those of the s impler, cheaper profiles.

Thermal and acoustic
Iscor has not estab lished  e ither the thermal or the acoustic  
performances of the ga lvan ised steel sheeting that they produce. 
Due to the light, thin, dense, highly conductive  nature of th is roof 
covering it is genera lly  seen as having very poor thermal and 
acoustic  propert ies. This was subs tan tia ted  by the tests 
conducted by Harveytile , which were d iscussed in section 2.2.2 of 
th is chapter.

Strength and s tab il itv
One of the advantages of a steel roof is its s trength  and stability. 
The large number of jo in ts  unavo idab le  w ith many other types of 
roof coverings can be almost com ple te ly  e lim ina ted by using 
pro filed steel sheets that extend from the r idge of the roof to the 
end of the eaves thus avo id ing head laps com plete ly. M eta llic  
coverings are not britt le , as are m ineral coverings, and are not 
easily  worn down by a ttr it ion . As th is type of covering can be 
manipu la ted with ease it can be f ixed  so secure ly  that the sheets 
are prevented from being torn off by high w inds or from suffe ring 
any form  of m echanica l in jury from rough usag e .1
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Fire
Refer to Chromadek

Advantages

• l igh twe ight [ low transport, handling and t im ber support costs]
• easy, qu ick and cheap insta lla tion
® nailed in position [not eas ily  removed by th ieves or w ind] 
e ve rsa ti le  [pitch 5-90 degrees] 
e proven track record

Disadvantages

» C u tt ing : Cut edges of ga lvan ised sheet less than 1,6mm thick 
are adequate ly  protected by the ca thod ic  action of z inc  coating 
(it is pulled down by the gu il lo t ine  blade or sc issors and th is 
covers the edge of the substrate). However na il ing  and 
abras ive  cutting with grinders can reduce the pro tection 
o ffe red to the substra te  by the z inc coating which in turn could 
resu lt in premature loca lised corrosion.

» Stra in age ing : Strain ageing refers to the fact that the steel 
sheets become less ductile  as they age resu lt ing  in surface 
m arkings from stre tcher s tra in  (Luders lines) or f lu t ing  when 
the sheet is formed, it is recommended that the period 
between the f ina l process ing of the ga lvan ised steel sheeting 
at the mill and the pro fil ing  of the sheeting is kept to a 
m inimum to prevent the occurrence of s tra in  ageing. This 
period should pre ferab ly  not exceed 6  weeks.

• Wet storage co rros ion : Under normal wet and dry cond it ions a 
pro tective  z inc ox ide /z inc  carbonate layer na tura lly  forms on 
exposed surface, which improves its res is tance to corrosion. 
The pro tective  nature o f these coatings may be seriously 
impaired when exposed to wet cond it ions for extended periods 
in the absence of air. This condit ion is character ised by a 
wh ite  deposit re ferred to as white  rust.

» Thermal & acoustic  perform ance is poor due to the m ate r ia l ’s 
high conductiv ity .

» For long life the roof design should exclude construction 
de ta i ls  which give rise to loca lised corros ion such as open 
eaves at the coast, which a llow  the accum ula tion  of corrosive 
salts on the under side of the sheeting giv ing rise to localised 
corros ion
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« Thin sheets are eas ily  dented and d istorted

• Aggress ive  environments s ign if ican tly  reduce the life span

• The narrow gap between overlapp ing  sheets draws moisture 
through cap illa ry  action and also reta ins the moisture for long 
periods result ing in white rust and premature corrosion

CHRQMADEK

Chrom adek is a cold rolled steel sheet that is ga lvan ised before 
two coats of spec ia lly  form ula ted  paint are applied on a modern 
continuous paint line. Iscor's pa in ting process involves the 
thorough chemical c leaning and prepara tion  of the galvanised 
surfaces of the sheet, fo llowed by the app lica tion  of an epoxy 
primer coat to both sides of the sheet. This prim er coat is oven 
cured a fte r  which the f ina l coat of po lyeste r is applied, usually to 
one side of the sheets and s im ila r ly  oven cured.

Chrom adek is ava ilab le  with steel substra tes of d iffe ren t grades 
depending on the end use r ’s requirements. D iffe ren t paint 
systems are also ava ilab le  depending on the end user’s 
requirements. End uses are grouped into 2 main categories, 
namely:

1) In te r io r  app lica tions (which will not be covered here)
2) Exter io r app lica tions (such as roofs)

Exter io r environm ents

Iscor uses four d iffe ren t env ironm enta l c lass if ica t ions :

1. Environm ents where corros ion  is not severe but add it ional 
co rros ion  pro tection is required, such as typ ica l non-pollu ted 
H ighve ld  areas where the unpro tected unders ides of roof 
overhangs may present a problem

2. M ild ly  corrosive industria l or marine cond it ions (5 to 15km from 
the coast). Here a s tandard backing coat of ha lf  a coat of 
po lyes te r 12-16 m icrometres th ick  should be app lied to the 
fron t o f the sheet, over the epoxy primer, w ith a fu ll cost of 
po lyes te r 20-24 m icrometres th ick app lied to the reverse side 
of the sheet.
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3 Aggress ive industria l cond it ions with a high inc idence of 
po llu tion or aggressive marine cond it ions (1-5km from the 
coast). Here a ga lvan ised substra te  should be coated with a 
full coat of s il icone po lyester or new po lyester on both sides.

4 Chromadek should not be used at a d is tance o f less than 1 km 
from the coast

S tandards o f manufacture
As d iscussed under ga lvan ised sheeting Isco r ’s ga lvanis ing 
process meets SABS, BS and ASTM standards. Iscor's paints 
meet SABS 1091 and BS 38K standards, w h ile  the paint system 
propert ies meet the ASTM standards.

Insta lla tion
Insta lla tion depends on the end product. Fastening systems can 
include the likes of: r ivets, se lf tapping screws, bolts, spring 
clips, w ire  staples, c l ip lock  as well as var ious seaming methods 
such as lock and box seaming.

Corrosion resistance
Chromadek is in tended fo r  use under rural, m ild ly  po llu ted or 
moderate marine cond it ions. Best resu lts  can be obta ined through 
correct app lication, and good workm ansh ip  and maintenance 
procedures. W ith in  10km of the coast and espec ia l ly  areas 
subject to rain fo llowed by long periods of high re la t ive  humidity 
certa in design factors  must be addressed:

• The use of fu l l  length sheets is recom mended as overlapped 
ends can result in premature corrosion . If overlaps are 
inevitab le, e ffective  w a terproofing  and sea ling is essentia l.

® Fasteners used fo r  f ix ing  must be protected to avoid corrosion.
• Sheltered areas such as the unders ide of roof overhangs, 

canopy type roofs and loading bay canopies are ideal locations 
for acce lera ted corros ion from the "under-s ide  up" in corrosive 
environments. Even when not fac ing the sea, sea salts tend to 
co l lec t in these locations as they are not per iod ica lly  washed 
off by rain. Designers should avoid designs that w ill permit the 
accum ula tion  of salt deposits  or must prov ide adequate 
protection. A fu ll paint coat on the reverse s ide of the sheet is 
recommended.

Cost 9
Chromadek costs between 20 and 30 percent per n r  more than 
conventiona l ga lvan ised steel sheeting of the same profile.
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Maintenance
The life span of Chromadek can be extended by per iod ica lly  
washing painted surfaces w ith a mild wa te r and de tergen t so lution 
to prevent the build  up of corros ive deposits. Scratches can be 
touched up with spec if ica l ly  form ula ted  touch up paint. Re­
painting w ill be required a fte r between 15 and 20 years

Durab il ity
Chromadek will require re -pa in ting  a fte r a period of between 15 
and 20 years. If Chrom adek is not re -pa in ted  the z inc  ga lvanis ing 
w ill begin to corrode at the rate d iscussed ear l ie r  in th is chapter.

Thermal and acoustic
The thermal and acoustic  perform ances o f Chrom adek are the 
same as those of ga lvan ised steel sheeting.

Strength and s tab il i ty
The strength and s tab il i ty  characte r is t ics  exh ib ited by Chromadek 
are the same as those of ga lvan ised steel sheeting d iscussed 
earlie r in this chapter.

Fire performance
Iscor determ ined the f ire  rating and smoke deve lopm ent 
p ropert ies  of f ive d if fe ren t coatings on steel sheet metal. The 
indices of basic f ire  p ropert ies - namely f lam e spread, heat 
contr ibu tion  and smoke deve lopm ent - o f each coating were 
estab lished in a tunnel oven. Possib le  f ire  spread was 
investigated where the coating was on the side that was not 
exposed to fire. Spec if ic  optim al dens it ies  o f the smoke re leased 
were es tab lished when the coatings were exposed to rad iant heat 
and flames. Tests were conducted accord ing to ASTM 
specifica tions. Results showed that all the coatings were w ith in  
the required lim its and none of the coatings propagated f ire  
spread. Smoke deve lopm ent was very low, too low to make any 
contr ibu tion  to smoke deve lopm ent in the case of a real fire.

Advantages

» l ightwe ight [ low transport, handling, t im ber support costs]
» easy, quick and cheap ins ta lla t ion
e na iled in position [not eas ily  removed by th ieves or wind]
• ve rsa ti le  [p itch 5-90 degrees]
• proven track record
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Disadvantages

« For long life the roof design should exclude construction 
de ta ils  which give rise to loca lised corros ion such as open 
eaves at the coast, which a llow  the accum ula tion  of corrosive 
salts on the under side of the sheeting g iv ing rise to localised 
corros ion

« Abras ive  cutting and trimming should be avo ided as this could 
lead to premature corros ion 

* A lthough com patib le  with most m ateria ls , wa ter run off f rom 
Cor-Ten, lead or copper products w ill stain the paint.

» W et storage damage can occur if coils or packs are wet, 
resu lt ing in pro longed exposure to m oisture w ithout oxygen 

e com para tive ly  poor thermal and acoustic  perform ance

Other products

Chromaprep is s im ila r to Chromadek except that the galvanised 
substra te  is only coated with a chromate rich epoxy based primer 
which is su itab le  fo r  over-coating  with most loca lly  availab le 
f in ish ing  paints.

Chrom adek Hyplas was f irs t produced during November 1996. It 
is a new product that is spec if ica l ly  designed for use in highly 
co rros ive  environments. It carries a warran ty  and has superior 
res is tance to chemical attack, damage and abras ion, as well as 
exce llen t f lex ib il ity .  Hyplas is a fourth  genera tion  p lastiso l that 
com bines the inherent benefits  of p lastiso l (mechanical, 
performance, corrosion, damage, abras ion and chemical 
res is tance) with very good perform ance in u ltra  v io le t light. This 
level o f performance is better than any other ava ilab le  coating.

ALUMINIUM. COPPER. AND STAINLESS STEEL

Alum in ium , copper and s ta in less steel roofing is availab le  in 
South Afr ica however these roof coverings are excep tiona lly  
expensive and only used at a c lients  request. They are thus not 
su itab le  for the low cost market and w ill not be eva lua ted .3
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2.2.3 S Y N T H E T IC  ROOF C O V E R IN G S

POLYCARBONATE AND GLASS FIBRE REINFORCED 
POLYESTER SHEETING

Modek is a rguably  the largest f ib reg lass  sheeting m anufacturer in 
the country. Modek has techno logy agreem ents w ith companies in 
the United States and Europe so that it has access to the la test 
technology. It produces trans lucent roo f sheet profiles in both 
polycarbonate and glass f ib re  re in forced po lyes te r (GRP). Both of 
these mediums are used to take advantage of natural light and 
can be used in con junction with a number of p ro filed steel roof 
sheets. GRP and po lycarbona te  sheets w ill be dealt with 
separate ly. It should be noted that th is type of roofing would only 
be used by people w ish ing to take advantage of natural light. 
These sheets are used in conjunction with pro f iled  steel sheeting 
(The GRP or Po lycarbonate  sheets are produced in profiles 
correspond ing to those of profiled steel roof sheets).

GLASS FIBRE REINFORCED POLYESTER (GRP)

Cost
The approx im ate price per square metre o f un ins ta lled  roof 
sheeting varies between R60,00 and R155,00 inc lud ing VAT and 
depending on pro file  and grade.

M aintenance
GRP is m aintenance free.

Durab il ity
GRP can last up to 15 years with normal use.

Performance

Thermal
The thermal conductiv ity  of c lear GRP sheeting is 0.145 W/mk. 
Modek 030 sheets transm it less heat than conventiona l c lear GRP 
sheets (37,5% less heat than conventiona l c lear GRP)

Acoustic
Modek have not estab lished the acoustic  perform ance cr ite r ia  of 
the GRP sheeting that they produce.
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Strength and s tab il ity

Tensile  strength - 72MPa (minimum)
Flexural strength - 140MPa (minimum, depending on the profile  of

the sheet)
Shear strength - 70MPa (m inimum)
Operating temperature - 20 to 80 °C, unaffected by fros t and not 
b r it t le  at low tem pera tures

Fire
Modek have not es tab lished the f ire  re la ted perform ance criteria  
o f the GRP sheeting that they produce.

Spec if ica tions fo r  m anufacture
All industria l profile  sheets are m anufactured to SABS 1150/1984 
standard. This means that a high grade po lyester resin is applied 
to the weathering  surface, th is prevents  f ib res  from being 
exposed during the natura l life span of the product.

Advantages

« Takes advantage of natura l light
» L ightweight (low transport, handling and t im ber support costs)
• Easy, quick and cheap to insta ll
• When nailed in position they are not eas ily  removed by th ieves 

or w ind
• Versa ti le  (pitch 1-90 degrees)
® Resistant to chemical a ttack
» Tough
• Compatib le  w ith all bu ild ing materia l
• Modek sheets are corros ion  res is tan t and res is t a ttack from

most chemicals, both dom estic  and industr ia l,  and are
recommended for env ironm ents were these cond it ions are
present.

Disadvantages

® Spans exceeding 9m must be of heavy industr ia l qua lity  
» Expensive 
« Fair ly  short life span
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POLYCARBONATE SHEETING

Cost
The approxim ate price per square metre of un ins ta lled  roof 
sheeting varies between R122,00 to R200,25 inc lud ing  VAT

M aintenance
The only maintenance required by po lycarbona te  Sneeting is an 
occasiona l wash with soapy so lution.

Durab il ity
Polycarbonate sheeting should last up to 20 years with normal 
use.

Performance

Thermal
Thermal conductiv ity  - 0,21 W /m k 

Acoustic
Modek have not estab lished the acoustic  perform ance cr ite r ia  of 
the po lycarbona te  sheeting tha t they produce.

Strength and s tab il i ty  
Tensile  s trength  - 65N/mm2
Flexural s trength - 80N/mm2 (depending on the pro file  of the

sheeting)

Spec if ica tion  fo r  manufacture
The sheeting is extruded using a sheeting grade of po lycarbonate 
tha t has a co-extruded weathering  surface layer o f UV grade 
po lycarbona te  polymer of at least 35 m icrons thick.

Fire
Modek po lycarbonate sheeting is se lf  ex t ingu ish ing . It will not 
promote or assist the spread of f ire  and it is su itab le  for all 
g laz ing app lications.

Advantages

» Takes advantage of natural light
« L ightweight ( low  transport, handling and t im ber support costs)
# Easy, quick and cheap ins ta l la t ion
a Nailed in position (not eas ily  removed by th ieves or wind) 
a V e rsa ti le  (pitch 1-90 degrees) 
a Does not transm it UV rays
# High impact res is tance
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Disadvantages

« Not chem ica lly  res is tan t to petrol, benzene, acetone, phenols, 
petro leum based paints or carbon te trach lo r ide  

® Not. to leran t o f the p las tic ize r in PVC m ateria ls  ( inc lud ing 
sealants and washers)

• Not scratch res is tan t
• When cleaned scra tches can occur due to dust, etc

2.2 .4  M IN E R A L  ROOF C O V ER IN G S  

NATURAL MINERAL COVERINGS 

SLATE

Mazista are the South A fr ican agents for s la te and supp lied the 
in formation used in th is section. Mazista uses two systems of 
insta ll ing  slate, the conventiona l system and the A lum az system.

The conventiona l system

The conventiona l system has been used fo r  years all over the 
world and all t rad it iona l sla te roofing is insta lled in th is manner. It 
is however a heavy system, resu lt ing  in a product tha t weighs 
78kg /m 2 of roo f area when using Mazista sla te - a substantia l 
t imber structure  is thus required. This system incorporates 
extensive overlapp ing  of the s la te tiles (t i les  sit 3 deep on 
battens). The minimum roof pitch that can be used when 
insta ll ing  the conventiona l system is 30 degrees.

The A lum az system

This system of sla te insta lla tion  was deve loped to reduce the 
we igh t o f the roof encountered when using the conventiona l 
system and to fac i l i ta te  the construction of roofs with p itches as 
low as 17 degrees. The system works by reducing the slate 
overlap and using another materia l to ach ieve water tightness. 
With th is system a layer of bitumen im pregnated roofing fe lt 
(which is pro tected from the sun by a layer of a lum in ium  fo il) is 
used beneath the layers of sla te to achieve water t ightness. This 
system reduces the we igh t of the roof to 43kg/m2 of roof area.
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Cost

The cost of both systems is the same per metre squared of roof 
area. However, while  the conventiona l system is expensive in 
terms of slate and timber, the A lum az system uses an expensive 
underlay that makes it more or less equal in cost to the 
conventiona l system before labour. To ca lcu la te  the amount of 
sla te needed to cover a roof using the conventiona l system the 
roof area should be m ult ip l ied  by 2,5 plus 10% fo r  cutting and 
breakage. To convert the roo f area of a bu ild ing into the quantity  
of s la te required to cover the roof using the A lum az system the 
roof area must be m ult ip l ied  by 1,5 plus 10% fo r  cutting and 
breakage. To ca lcu la te the amount of underlay  requ ired in 20m 
rolls the roof area must be d iv ided by 3,7. The cost of a square 
metre of roofing varies between R210,00 and R240.00 making 
this one of the most expensive form s of roofing availab le. A sla te 
roof fa lls  w ith in  the param eters of the insurance indus try ’s 
de f in it ion  of a standard construction materia l, and as such 
insurance premiums will be unaffected by the fact that a structure 
has a s la te roof.

M aintenance
Slate roofs require no maintenance.

Durab il ity
No in form ation is ava ilab le  on the durab il i ty  of a Mazista sla te 
roof. W hile  poor slate may begin to decay a fte r  only a few months 
good qua lity  slate can last fo r  as long as 400 years. 2 Mazista 
sla te should provide a durable roof, as it is SABS approved.

P e r fo rm a n c e

Thermal and acoustic
Mazista have no in form ation on the thermal and acoustic  
perform ances of the ir  slate. However, due to the we igh t of th is 
roof covering, its sound insu la ting  propert ies should be excellent. 
W hile sla te is a dense materia l, the m ult ip le  layer construction 
and associa ted air spaces, along with experience, has 
dem onstra ted that a s la te roof has good thermal insula ting 
propert ies s im ilar to other m ine,a l roof coverings.

Strength and s tab il itv
As w ith other mineral coverings slate is br itt le  and susceptib le  to 
m echan ica l dam age.3

Fire
Slate is not com bustib le  but the increase in the quantity  of t im ber 
requ ired to support the extra we igh t of s la te w ill provide more 
com bustib le  fue l in the occurrence of a fire.
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Advantages

® A esthe tica lly  pleasing 
• Good thermal and acoustic  performances 
» Long life pan

Disadvantages

• Heavy (transport, ins ta l la t ion  and t im ber support costs are 
high)

• Ins ta lla tion  is d iff icu lt,  labour in tensive and time consuming
• B r it t le  and prone to mechanica l damage

MANUFACTURED MINERAL COVERINGS 

FIBRE CEMENT SHEETING

Everite  has been in existence for over 50 years and the ir  f ibre- 
cement p ro filed sheets and e lements have a longstanding 
trad it ion  of involvement in the build ing industry. Due to fact that 
they are market leaders and have a long h is tory  of involvement in 
the bu ild ing  industry, Everite  was considered a su itab le  source of 
in form ation for th is thesis. The ve rsa t i l i ty  of f ib re -cem ent sheets 
and e lements as well as the extens ive range of f i t t ings  make it 
poss ib le  to create a so lu tion  to any roofing problem. Everite 
supply a number of d iffe ren t f ib re -cem ent products, usua lly  in a 
natural grey colour. Spec ia lly  shaped sect ions are availab le on 
specia l order. For aesthetic  reasons Everite  suggest that the 
natura l grey product be painted with Co lo rb r ite  paint (a water 
based acry lic  paint) which was spec ia l ly  fo rm u la ted  fo r  use on 
f ib re -cem ent products and has a life expectancy in excess of 10 
years.

Profiles

Big Six Corrugated shee ts : These are the f i rs t  sheets produced 
by Everite  and have been used successfu l ly  fo r  over 50 years on 
both dom estic  and com mercia l pro jects. These sheets are 6 mm 
thick. If Big Six p ro file  sheets are used for roofs  with a pitch of 
less than 10 degrees the end laps should be sealed. These 
sheets are bolted into position onto steel or t imber roof 
s tructures. The maximum purlin p a c in g  in the roo f s tructure is 
1400 mm.
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Canadian pattern shee ts : This profile is genera lly  associated with 
housing and has clean lines and is aes the tica lly  pleasing. These 
sheets are 6 mm thick. As with the Big Six profile , the end laps of 
Canadian pattern sheets should be sealed if used on a roof with a 
pitch o f less than 10 degrees, th is p ro file  can be used on roofs 
with p itches as low as 5 degrees. These sheets are bolted to the 
purlins, which can be spaced at a maximum of 1400mm centres.

Span 2 and 3 shee ts : Both deep pro files  tha t create a bold look 
and define shadow lines creating an aes the t ica lly  pleasing roof. 
The longer lengths and increased spans make these products 
ideal fo r  commercia l and industria l pro jects. These sheets are 
des igned to accommodate an overlay  o f c lay  or concrete  t iles on 
low p itched roofs where a t i le  roof is required by local authorities. 
Span 2 is a 6mm th ick  sheet which is bo lted to purlins spaced at 
a maximum of 2000mm centres, while  Span 3 is 7mm th ick sheet 
fo r  wh ich purlins can be spaced at a maximum 3000mm centres. 
Both sheet p ro f iles  can be used on roofs w ith  p itches as low as 2 
degrees.

M odulite  e lem en ts : This profile  is espec ia l ly  su itab le  for low, 
m ono-p itch roofs and on s tructures such as carports, covered 
wa lkways and o ther low rise s tructures where a g reater spanning 
property  is a spec if ic  need. These 7mm th ick  sheets are bolted to 
purlins spaced at a maximum of 3500mm centres and can be used 
for roofs with p itches as low as 2 degrees.

Canalite  e lem ents : This is a deep trough like profile  which has 
long spanning capab il it ies . In private res idences, with near f la t 
roofs, roof s truc tures other than wall p la tes can be elim inated. 
This profile  can support most types of suspended ceil ings. It can 
also be used where vast expanses of v ir tua lly  f la t roofing, that 
must be supported only at the ends, are required. The use of th is 
p ro file  reduces the cost of the sub-s truc ture . These 8mm th ick 
sheets can be supported at maximum in te rva ls  of POOOmm, and 
can accom m odate p itches as low as 2 degrees.

V ic to rian  profile  shee t: Designed to recreate  the appearance of a 
trad it iona l V ic to rian  style roo f it is pa rt icu la r ly  su itab le  for coastal 
app lica tion  where corros ive  cond it ions preven t the use of many 
o ther products. The sheets are 4.5mm th ick  and must be 
supported on purlins spaced at a maximum of 450mm for roof 
p itches of up to 35 degrees. Roof p itches of over 35 degrees 
a llow the maximum purlin spacing to be increased to 600mm. 
These sheets are held in position w ith bolts.
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Cost
The cost of un insta lled  f ib re  cement sheets varies between 
R35,00 and R85,00 per square metre of roofing, depending on the 
profile  of the sheet. F ibre cement is seen as a standard 
construction materia l by the insurance industry and as such the 
use of f ib re  cement as a roo f covering will not a ffect insurance 
premiums.

Maintenance
Fibre cement roofs require no m aintenance. They w ill however 
need repa in ting every 10 years for aesthe tic  purposes.

Durab il ity
Everite give no specif ic  in form ation on the durab il i ty  of their 
product. They do however say that they have roofs that have 
been standing fo r  well over 40 years.

Performance

Thermal
All E ve ri te ’s f ib re  cement pro files  have a thermal conductiv ity  of 
0,35 W/m °C when tested in accordance w ith ASTM C518.

Acoustic
No in form ation is ava ilab le  on the acoustic  perform ance of 
Everite 's  f ib re  cement sheeting.

Strength and s tab il i ty
Everite  m anufacture a number of d iffe ren t sheet pro files , each for 
a d i f fe ren t purpose and as such the sheets are not all
m anufactured to the same standard. The fo llow ing  f igures are
true fo r  all but the V ic to rian  profile :

Density (g/cm3) 1,36 BS 4624-81
Breaking load (KN/m) 3,82 SABS 685 1985

The f igures fo r  the V ic to rian profile  are:

Density  (g/cm3) 1,26 BS 4624-81
Breaking load( KN/m) 1,46 BS 690-73 & BS 4604-81

Fire
Everite  f ib re  cement has a hor izonta l f ire  res is tance of 35 minutes 
in accordance w ith SABS 0177-11. No in form ation is ava ilab le  on 
its perform ance as a roof sheeting.
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Advantages

• L igh twe igh t (low transport, handling and t im ber support costs)
» Bolted in position and thus not easily  removed by th ieves or 

wind
» Extens ive ly  tested (extensive techn ica l data availab le)
• Ve rsa ti le  (pitch 2-90 degrees)
• Proven track record
e Full range of accessories
o Curved sheets and purpose made a rt ic les  are availab le

Disadvantages

» Asbestos is a health hazard and therefo re  specia l tools are 
requ ired fo r  cutting and d r il l ing  to prevent labourers from 
inha ling harmful asbestos dust

« If the w ings of the long spanning pro files  are not stitched 
(jo ined together) the day they are laid, sagg ing can occur

• Nuts o f f ix ing bolts can be over- t igh tened  causing sheets to 
crack

« Sheets need to be mitred at ad jacent corners to prevent 
overlaps four sheets th ick

• Sheets are fa ir ly  br it t le  and suscep tib le  to m echanica l damage
» Ava ilab le  in grey only and repa in t ing  will be required every 10

years
• Spec ia lis t  ins ta lla tion  is recom mended fo r  large spans

CONCRETE TILES

Commercially produced concrete tiles

W atson T ile  has a proven track  record o f over 40 years 
experience in the roof t i le  industry, and produce one o f the 
largest range of profiles in the country. As one o f the leading 
concrete roof t i le  manufacturers in South Africa, W atson Tile was 
used as a re liab le  source of in form ation on concrete  roof ti les 
and the concrete roof t i le  market in South Africa. Concrete roof 
t i les are m anufactured using basic raw m ateria ls  such as washed 
graded sand, portland cement, p igments and water. The t iles are 
extruded under high pressure resu lt ing in a product of 
cons is ten tly  high qua lity  and with a strength which increases with 
age.

ins ta l la t ion
Recommended spacing of the 38 x 38mm battens is 320mm fo r all 
t iles. Rafters should be spaced at 760mm centers. An underlay is 
mandatory fo r  all roofs with p itches ranging from the 17.5
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minimum to 26 degrees. W atson recommend that roofs with a 
pitch of 26 degrees or more stil l use an underlay. T iles can be 
nailed, c lipped, nailed and clipped, or s imply p laced in position. A 
deta iled d iscussion of the insta lla tion  requ irements can be viewed 
in chapter 5 on page 55 of th is thesis.

Cost
The cost of com m erc ia lly  produced concrete  t iles varies between 
R116,00 and R200,00 per square metre of ins ta lled  roof area, 
depending on the d is tance from the bu ild ing  s ite to the factory as 
well as the profile  and f in ish of the t i le  required.

Maintenance
Concrete t iles require no m aintenance. They can be repainted for 
aesthetic  purposes if the need arises.

Durab il ity
Watson t iles have been on roofs for in excess of 48 years.

Performance

Thermal and acoustic
Watson has no spec if ic  test in formation on the thermal or 
acoustic  perform ance of the ir  t iles. It is however w ide ly  accepted 
that roofs covered w ith concrete  t i les  offer exce llen t thermal and 
acoustic  propert ies, th is is h igh ligh ted  by the com parative  test 
carried out by Harveytile  is d iscussed in section 2.2.2, Meta llic  
roof coverings, of th is thesis.

Standard of manufacture
W atson tiles along with all the other concrete t i le  m anufacturers 
who are members of the Concrete M anufacture rs  Associa tion 
produce tiles, which not only meet but exceed the spec if ica t ion  of 
SABS 542.

Fire
Concrete t i les  are not f lam mable and pose no add it iona l fire risk 
to a structure.

Advantages

* Large range of co lours and profiles 
a Exce llent acoustic  and thermal perform ance 
« Proven track record 
e Full range of accessories
a Su itab le  fo r  use in h ighly corrosive environm ents 
a Long life span



34

Disadvantages

• E ff lorescence may affect t i les  between 3 months and 2 years 
old

• Fairly heavy [high transport, handling and tim ber support 
costs]

• Roof access by th ieves is easy, qu ick and qu ie t
• L im ited pitch range of between 17.5° and 45°
• Insta lla tion is time consum ing and requ ires sk il led  workmen 
® Repainting may be requ ired fo r  some t iles



35

CONCLUSION

The in troduction  to th is  thes is  not only h igh l igh ted  the need for 
housing in South Africa, but also the need fo r  more econom ic 
ways of producing these structures. As d iscussed one of the main 
problem s with existing low-cost s tructures is the compromise 
made when se lec ting  a roo f covering. At present the most 
com monly used roof covering is ga lvan ised steel sheeting which 
is known not only for its low cost and ease of ins ta l la t ion  but also 
for the harsh liv ing env ironm ent provided fo r  s truc tu re  occupants 
due to its poor thermal performance.

The survey of the roo f coverings ava ilab le  on the South African 
market conducted in th is chap ter revealed tha t while  there are 
roof coverings which provide superio r liv ing env ironm ents to that 
prov ided by galvanised steel sheeting, they are more expensive.

A South A fr ican company, Hydraform, has proposed in troducing a 
low cost vers ion of the concrete  roof ti le , the Agri-T ile , to f il l this 
need in the market. As with conventiona l concre te  tiles these low 
cost t i le s  are produced from sand and cement, and as such 
should provide a liv ing env ironm ent with s im ila r  character is t ics  to 
those experienced when using com m erc ia lly  produced concrete 
tiles. As no a lte rna tive  to ga lvan ised steel sheeting has been 
found on the local market, the in troduction  o f  Hydraform ’s Agri-  
Tile should be welcomed. However, l i t t le  or no in form ation is 
ava ilab le  on Agri-T iles. A case study o f three companies that 
produce s im ilar low cost concrete tiles, known as micro concrete 
roof t i les  (MCR) which are c la imed to prov ide  an acceptab le 
a lte rna tive  to roofing problems in o ther countr ies, is conducted in 
chap ter 3. The study was conducted in an attempt estab lish  
w hether it is in fact a po ten t ia1 so lution to one aspect o f South 
A fr ica 's  housing problems.
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FLOW CHART 2: Alternative roofing available on the South 
African market

Roof coverings ava ilab le  
on the South Afr ican 
market

The requ irements of the ideal low 
cost roof

O rganic  roof 
coverings

T rad it iona l
and
com m erc ia l
thatch

M eta ll ic  roof 
coverings

Pressed metal 
t i les

Galvan ised 
steel sheeting

Syn the tic  roof 
coverings

Glass f ib re  
re in forced 
po lyester 
sheeting

Po lycarbonate
sheeting

No ava ilab le  roof coverings meet 
the requ irements fo r  the ideal low 
cost roof

meral

coverings

Slate

Fibre cement 
sheeting

Commercia l 
concrete roof 
t i les

Hydraform propose in troducing a low cost concrete 
roo f t i le  which is said to have the perform ance of 
com mercia l concrete  t iles and the cost of 
ga lvan ised steel sheeting
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3.CASE STUDIES
3.1 ECO BETON CONCRETE ROOF TILES:

MALAWI

HISTORY

Eco Systems is a com mercia l company which is based in Malawi. 
This company has been producing concrete  roof t i les  and roof tile 
making m achinery since 1986. The orig ina l t i les  and tile  making 
m achines were made accord ing  to designs produced by the 
Malawi G overnm ent’s rural housing projects staff, these designs 
were in turn based on age-o ld  Northern European designs. 
W hereas the European t i les  were always fired c lay t iles, the Eco- 
Beton t iles are made from micro concrete, which is a mixture of 
small quarry stones, sand and cement. Due to the nature of the 
concrete the t i le  can be much la rger and m anufactured rr. jre 
accura te ly  than the old clay tiles.

The t i les  and t i le  making machinery were then deve loped further, 
in several stages, before they reached the ir  current form. Eco- 
Beton fee ls  that in th is form  they are able to o ffe r re liab le  and 
long lasting tiles as well as t i le  producing m ach inery .20

TILES

M ateria l
The tiles are designed in such a way that they can be made of 
m ortar or concrete and moulded w ithout the inc lus ion of f ibres. 
Typ ica l mixes fo r  t i les  are:

T ile Cheap tile High qua lity  tile
Cement 1 1
River sand 2.5
Q uarry dust
(or f ine sharp sand)

1

Quarry stone 
(3-4mm in size or 
s im ila r pebble)

2.5

T ile  Manufacture
In b r ie f Eco-Beton t iles are made from cement m ortar or micro 
concrete. The t i les  are produced on m anua lly  opera ted v ibrating 
tab les. The v ib ra ting  tab le  is covered w ith a p las tic  sheet that is 
c lamped in pos it ion  by a mould ing frame. Mortar is p laced on the 
p las tic  sheet and trowelled into pos it ion while  the handle of the



v ib ra ting  tab le  is turned. The th ickness o f the m ould ing frame 
determ ines the th ickness of the t i le  as m ortar is added until the 
top of the green ti le  is level w ith the top of the m ould ing frame. 
The t i le  is Vibrated for between 30 and 60 seconds to ensure that 
any a ir trapped in the green ti le  is expelled. The m ould ing frame 
is then lifted and the green tile (on the p las tic  sheet) is 
t ransferred  onto a mould.

The t iles remain on the mould fo r  24 hours while  they cure. While 
on the moulds they are covered with wet hess ian cloth and a 
p las tic  sheet to increase the hum id ity  at the ir  surface and thus 
prevent shrinkage cracks fo rm ing in the tile. A fte r the 24-hour 
period the tiles are removed from the moulds and placed in a 
curing tank for a fu rther 7 days while  fu r the r  strength 
deve lopment takes place. A fte r 7 days the t i les  are removed from 
the curing tank and once dry are ready fo r  use.

In order to keep the in it ia l cap ita l cost of the ir  t i le  producing 
system low Eco-Beton has lim ited the number of pre-formed 
moulds supplied with each system. The user o f  th is system 
expected to produce concre te  moulds in the same way t i les  are 
produced. The only d iffe rence is tha t the mould ing fram e used to 
produce moulds is a pla in rectangle, wh ile  the frame use to 
produce t iles has insets that create m itres in the t i les . The mitres 
avoid the problem o f having an overlap 4 t iles th ick at the corners 
when the t i les  are laid on the roof.

Quality  control
Eco-Beton recom mends that random t iles  be thorough ly  inspected 
fo r  physica l defects. The inspection  is conducted by:

A. V isua lly  inspecting the t i le  fo r  shrinkage cracks, p inho les and 
an excess of small a ir pockets. The ti le  should also be 
inspected for rough edges, warp ing and non-un iform  th ickness.

B. Using the “ potters ping" test to detect ha ir l ine  cracks in the tile 
which are too small to see. This involves ho ld ing the ti le  up 
w ith one hand wh ile  h it t ing  it w ith a stone with the other hand. 
If the t i le  produces a c lear sound it is crack free . A dull sound 
is an ind ica tion that cracks are present.

C. The t iles shou ld be we ighed and a var ia t ion  o f not more that 
10% of the average ti le  we igh t is deemed acceptab le .

D. The perm eab il i ty  of the t i les  is checked by p lac ing a tile 
face-up on 2 level supports. The ends of the trough formed by 
the p ro f i le  of the tile  are then blocked off w ith c lay and the 
trough is f i l led  with water. A f te r  a 2 hour period no free water 
shou ld  be seen hanging or dripp ing from the bottom of the tile. 
The ti le  may become dark in co lour due to satura tion.
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E. The s trength of the t i les  is checked by supporting  a ti le  on 2 
wooden bearers each placed at a d is tance of one sixth of the 
tile  length from the edge of the ti le , so that the d istance 
separa ting the two bearers is equal to two th irds  of the tile 
length. A th ird  bearer, placed in the centre of the tile, supports 
a drum which is f i l led  with water. The th ird  bearer imposes the 
load generated by the w a te r- f i l led  drum onto the t ile . The load 
required to break the tile  is then ca lcu la ted  and must not be 
!ess than a prescr ibed load.

Performance
In terms of perfo rm ance Eco-Beton t iles have surv ived on roofs in 
Malawi s ince 1986 and have provided res idents  w ith waterproof, 
therm ally  insu la ting  roofs of reasonable quality.

Insta lla tion
Eco Beton recom mend that the ir  t i les are insta lled on roofs w ith a 
pitch of 26.5 degrees. The tiles are laid in the same way one 
would lay com m erc ia l concrete tiles. Due to the light weight of 
these t i les  only a light t imber roof s tructure  is required and 
trusses can be spaced at a maximum of 1200mm centre to centre. 
The s ize of the Eco Beton t i les  allows a maximum purlin  spacing 
of 530 mm centre  to centre. The t iles are fixed to the t im ber roof 
s tructure  with w ire  hooks made from 2mm th ick  ga lvan ised steel 
b inding wire.

3.2 J P M PARRY AND ASSOCIATES

British company J P M Parry and Assoc ia tes  Ltd can be seen as 
one o f  the in te rna tiona l leaders in the production of low cost, 
small scale roofing equipment. All of the in form ation on J.P.M 
Parry and Assoc ia tes  and the t iles and ti le  m anufacturing plants 
they produce was obta ined from trade li te ra ture  supplied by 
Parry.

HISTORY

Parry ’s invo lvem ent in the roofing industry  started in 1976 with a 
workshop in wh ich the research and deve lopm ent of low-cost, 
small scale, im port saving forms of roofing were d iscussed. 
Research ins ti tu tes  had a lready had success in re in forc ing 
concrete with a r t i f ic ia l f ib res and in .977 Parry made the ir  f irs t 
roofing sheet. The sheet was 2 metres long, re in forced with glass 
f ib res and was produced using a hand tamping method. A fter this 
Parry s tarted research ing  the poss ib i l i ty  o f  re in fo rc ing  concrete  
using natural f ib res.
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In 1978 fie ld  tr ia ls  by Parry revea led that the 2 metre sheets were 
too large and that a s h e e t  which was 1 metre long would be more 
practica l and could stil -e easily  insta lled. Technica l problems 
encountered in 1979 ind ica ted that equ ipm ent used to produce 
roofing products had to be well made and backec by good 
techn ica l services in order fo r  a pro ject to be successfu l. At this 
point a number o f Pa rry ’s assoc ia tes w ithdrew  the ir  resources 
from th is  roofing project.

1981 saw Parry begin research ing mechanica l v ib ra tion instead of 
hand tamping. In 1982 the f irs t  f ib re  cement pan t i le  roof was 
built in Cradley Heath and it was in th is year that Parry set up a 
fie ld  research fac i l i ty  in Kenya. By 1983 the deve lopm ent of a 
m echanica l v ib ra to r  with a simple screed ing machine and plastic  
tile  moulds was com ple te  and the f irs t  two plants were 
estab lished in N igeria  and Kenya.

Ten new tile  producing p lants were sold to var ious countr ies in 
1984 and, toge ther with B irm ingham Polytechnic, Parry set up 
courses to meet the need fo r  personnel tra in ing  in construction in 
deve lop ing countr ies. The 100th mini t i le  p lant was made and 
dispatched in 1985. This was also the year during which John 
Parry pub lished a tex tbook on the research and deve lopment his 
com pany had conducted and the techno logy they were using. By 
the end of 1986 a num ber o f specia l ti les fo r  deta il ing  work had 
been developed, as well as the p lastic  moulds for producing 
them. Other deve lopm ents inc luded a m ortar-m easuring  scoop, 
batch ing boxes and qua li ty  contro l equipment.

A hand powered vers ion of the v ib ra ting tab le  was developed 
during 1987 and seven of these machines were produced and 
d is tr ibu ted  around the world  fo r  testing. New ti le  handling 
equ ipm ent was des igned and hum id ity  curing techno logy was 
app lied for the f irs t  time. Parry in troduced M ulti-v ibe, a 
de tachab le  mechanica l v ib ra tor, which would enable tile 
producers to d ive rs ify  into producing o ther Parry products which 
inc luded concrete blocks, pipes, f loo r  tiles, and elements for 
water tank construction.

1988 saw Parry roof t i les  surv iv ing hurr icane G ilbert in Jamaica. 
O ther deve lopment inc luded the m anufacture  o f a sem i-sheet (a 
roof sheet with small d imensions) fo r  roofing, for which the f irs t 
p lant was m anufactured and sent to Zambia. Parry also began 
experim ents in which f ine gravel was substitu ted  for f ib res  in the 
morta r  used to produce roof t i les. In 1989 Parry t iles were 
supp lied  for a pro ject o f 1700 houses in Nairobi and fourteen 
plants worked r, „  1 and day to supply the 2 m ill ion t iles required 
for the project. At t .,is po int Parry estimated that they had more 
than 25 m illion tiles on roofs world-w ide.
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A thousand tile  plants had been produced by 1990 and they are 
now used in 60 countr ies. The Fast M ould ing Unit was developed 
in 1991 to meet the needs of large producers. A t i le  can now be 
made every 30 seconds at less than ha lf  the cost of t i les made by 
conventiona l press-extruded systems.

TILES

Raw materia ls
Unlike corrugated iron and f ib re  cement Parry ligh t we igh t roofing 
t iles can be made using cement and loca lly  ava ilab le  raw 
materia ls , in other words sand, f ine  gravel and vege tab le  f ibres. 
O rd inary build ing sand can be used. River sand will always be 
su itab le  for tile production and the f ib res  for f ib re  re in forced tiles 
should a lso be read ily  availab le. Typ ica l examples are sisal, palm 
nut, coconut co ir  and ju te. The requ irem ent is s imply for a 
f lex ib le , fa ir ly  f ine  f ib re  that is not contam inated by oil or sugar.

Suggested mixes fo r  f ib re  re in forced and micro concrete t i les
Fibre re in forced files Micro concrete tiles

Cement 25% 25%
Sand 75% 25%
Fine gravel 0 50%
Fibre content 0.5% by we igh t 0

Tile production
Parry t i les  are produced on a v ib ra ting tab le  tha t has an external 
power source. A p las tic  sheet is p laced on the v ib ra ting table and 
a fram e is clamped over the p las tic  sheet. The mortar is placed 
on the p lastic  sheet and is t row e lled  into pos it ion while the table 
prov ides v ibration to assist the m ortar f low  and compaction. The 
green t i le  is then transferred, on the p lastic  sheet, to a mould. 
The moulds stack on top of one another covering the previously 
made green t iles and prov id ing a high hum id ity  in which the tiles 
can cure w ithout suffe ring from shrinkage or dry ing cracks. A fter 
a week the t iles are ready fo r  use.

Q uality  control
Accord ing  to Parry good qua li ty  is vital fo r successfu l ti le  
production. In order to produce a good qua lity  t i le  Parry 
m anufactures the ir  t i le  producing equ ipm ent to very high 
standards. Parry uses a transverse  s trength  test and an impact 
test to determ ine the qua lity  of the ir ti les. The transverse strength 
.est u t i l ises  a frame, which supports the ti le  at each end. A load 
is then imposed on the centre of the t i le  using a specia lly  cut 
section of wood which ensures that the load is d is tr ibu ted over 
the whole profile  of the tile. The impact test involves dropp ing a 
steel ball from a prescribed d is tance to determ ine whether the 
impact res istance of the t iles is g rea ter than a prescribed value.
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Durab il ity
As fa r  as durab il i ty  is concerned Parry t iles (both micro cement 
and f ib re  re in forced) have been on roofs for over ten years and 
show no signs of deterio ra tion. Acce lera ted  ageing tests 
conducted in the United Kingdom show that l igh tw e igh t Parry t iles 
do not become porous or b r it t le  w ith time. The t i les  are 
unaffected by po llu tion  or salt spray. In Jam aica Parry tiles 
surv ived hurr icane G ilbert in 1988 and in Bangladesh it is claimed 
that Parry t i les  surv ived severe storms and were unaffected by 
8 mm hailstones.

Performance
Parry cla ims that i t ’ s l igh twe igh t pan t i les  provide excellent 
thermal performance keeping the inside of the s truc ture  cool even 
during trop ica l summers. The t i les  are c la imed to transmit only 
one hundredth of the amount of heat transm itted  by conventiona l 
steel sheeting and this not only improves the liv ing conditions 
w ith in  the structure but also reduces heating and cooling costs. 
T iled roofs are quieter. Unlike steel sheeting, t i les w ill absorb the 
noise o f ra indrops h itt ing the roo f so a heavy storm will be less 
in trus ive on the occupants of the build ing. The t iles hook securely 
to the roof s tructure  and can also be nailed down d irec t ly  to the 
roof battens or through wire loops moulded into the tiles. This 
ensures that the t i les  will remain secure ly  fas tened even during 
excep tiona lly  strong gusts of wind.

Cost
Parry cla ims that the ir  f ib re  cement and micro concrete  t i les  can 
be produced with very low costs resu lt ing  in roofs are that 
cheaper than those erected w ith asbestos cement or 
conventiona lly  extruded concrete t iles. They also claim that the 
cost o f Parry t i le  roofs, when the t i les  are produced commercia lly, 
is s im ila r to that of corrugated iron roofs and the light we igh t of 
the t i les  means that the cost of the supporting  tim ber roof 
s tructure  will be s im ilar that used to support corrugated steel 
sheet roofs.
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3.3 GRQUPQ SQFON1AS

HISTORY

Groupo Sofonias is a com mercia l company  based in Latin 
America. It was born in the seventies in an adobe program which 
u til ised sun baked clay bricks as a cheap a lte rna tive  to f ired clay 
bricks for walling. A fte r 15 years in the industry  (during which 
time soil construction was constantly  u ti l ised) they fe lt that there 
were many a lte rna tive  innovative  methods of construc ting  walls. 
These methods improved the weather perform ance of the 
structure  while reducing its cost. Yet a fte r all tha t time there was 
no universal and simple so lu tion to the roofing problems they 
encountered.

That changed recently  when they began experim enting  with f ibre 
cement sheets that were produced by hand. W hile  experiences 
with the f ib re  cement sheets were not always pos it ive  Groupo 
Sofon ias pers is ted with the ir  use, as they had no viable 
alternative. In te rna tiona lly  there were mixed fee lings  about the 
f ibre cement sheets a lthough in the beg inn ing the Latin American 
experience was positive. However a fte r 3 years there were many 
negative sentiments about the sheets due to the ir  poor 
performance. W ith in  this time sheets had suffe red crack ing due to 
wind action and the de form ation of the supporting  timber 
structure.

In 1983 the techno logy seemed condemned. A c r it ica l analysis of 
the s ituation revealed tha t basica lly  there were two problems 
affecting this product.

1. The sheets were large and had to be reduced in size.
2. The qua li ty  of the equ ipment used to produce the 

sheets had to be improved.

In 1984 the f irs t  micro concrete roof t i le  producing machine began 
to opera te  in Latin America. The machine was developed in 
England and addressed all the concerns that Groupo Sofonias 
had about the fib re  sheets. The techno logy was a success and as 
of 1988 it is regarded as a com mercia l success.

The roofing adv isory serv ice of SKAT (Swiss Centre fo r  Applied 
Technology) promoted a series o f sem inars in Sw itzerland that 
b rought toge ther experts from many coun tr ies to discuss the 
d if fe ren t aspects of the technology. Manuals have been 
deve loped fo r  making tiles, qua lity  contro l and estab lishm ent of 
norms, o rgan isa t ion  of workshops, and others. SKAT continues to 
co-ord ina te  this adv isory service and de legated the same task to 
Groupo Sofon ias in Latin America.
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Groupo Sofonias has in troduced this techno logy to a number of 
countr ies. Honduras, Guatemala, Ecuador, Peru, El Sa lvador and 
Costa Rica have all been exposed to Micro Concrete Roof Tiles 
(MCR) successfu lly .

Most recently  Ecosouth, a d iv is ion  of Groupo Sofonias, 
in troduced micro concrete roo f t i les  to Namibia. A number of 
people from the local com m unity  have been tra ined to produce 
micro concrete t i les  in two workshops estab lished  there (one in 
W indhoek and one in O tj iwarongo) and three show houses have 
been erected using micro concrete  roofing. However the local 
com munity has not yet accepted the techno logy .19

TILES

Materia l
Groupo Sofonias use sand and cement to produce t iles. They do 
not use f ibres fo r  the production  of tiles. A fa ir ly  s tr ic t  technica l 
procedure is used to determ ine the correct mix p roport ions for the 
mortar that w ill be used to produce tiles. They recommend that 
the fo llow ing  requirements are met to ensure that the mortar is 
accep tab le  for t i le  production:

1. The sand used should fa ll w ith in  the fo llow ing grading profile:

Part ic le  size (mm) Percentage of sand volume 
part ic le  size occupies

5-2.0 30-50
2-0.5 15-40
< 0.5 15-40

1. The water to cement ratio should range between 0.5 and 0.6.
2. The vo lum etr ic  re la t ionsh ip  of cement to sand should be 1:2.75

Production
Tiles are produced in a s im ila r  manner to Parry t iles. The tiles are 
produced on v ib ra ting tab les  w ith an external power source (see 
f igure 2 on plate 2 fo r  i l lus tra tion). Mortar is p laced on a p lastic 
sheet tha t covers the v ib ra t ing  table. W ith the aid of v ib ra tion the 
mortar is moved into pos it ion  using a trowel, the v ib ra tion also 
expels a ir entrapped in the t i le  and so doing ensures maximum 
dens ity  in the tile. A nib is formed on the t i le  using a small box 
mould attached to the v ib ra t ing  table and a w ire  insert is placed 
in the nib to fac il i ta te  the fas ten ing  of the ti le  to the t im ber roof 
s truc tu re  at a la ter stage. The v ib ra tion  lasts fo r  approxim ate ly 
one minute. An i l lus tra tion  of the test frame can be seen in f igure  
1 on p la te  2.
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The green tile  is then transferred  from the v ib ra t ing  table to a 
high qua li ty  in jection moulded po lypropy lene mould (see f igure  1 
on p late 3 for an il lus tra tion  of the mould). The moulds are 
stacked one on top of another, thus form ing an a ir- t igh t curing 
cham ber in which the t i les  can cure. The t iles spend 24 hours in 
the mould after which they are removed from the mould and 
placed in a curing tank fo r  a fu r the r  7 days fo llow ing  which they 
are removed and allowed to cure for a fu r the r  14 days in a shady 
location. The t iles are then ready for use.

Quality  Control
As with Eco-Beton, Groupo Sofon ias has a num ber of tests that 
are app lied to ensure that the t iles they produce are of an 
acceptab le  standard. The tests recom mended are as follows:

1. The pore and crack test. Each t i le  should be v isua lly  inspected 
fo r  pores and cracks. T iles are not accep tab le  if cracks are 
longer than 5mm, surface pores deeper than 2mm and w ider 
than 5mm.

2. The ring test. All t i les should be tapped w ith a coin or a stone. 
The tiles are re jected if a dull sound is heard as this indicates 
that the tile  is cracked.

3. The bend test. This test is used to check the f lexura l strength 
of the tiles and 1% of the t i les  should be tested in th is way. 
The test requires the ti le  to be supported on 2 bearers placed 
175mm e ither side o f a centre line across the tile. A third 
beare r that consists of a wooden section cut to the same 
pro f ile  as the tile  is placed in the centre of the t i le  and is held 
in p lace by a steel frame. The frame has a lever p ivoting on a 
h inge and the centre of the lever rests on the th ird  bearer. A 
we igh t is suspended from the lever and th is load is transferred 
to the tile  via the th ird  bearer (see f igure  1 on plate 2 fo r  an 
il lus tra tion  of the frame). A 5mm rubber s trip  placed between 
the t i le  and the third bearer ensures an even d is tr ibu tion  of the 
load. The th ickness of the test t i les w ill determ ine the weight 
that the t i le  must support. The we igh ts  that the various 
th ickness t i les  should bear are as fo llows: 6mm - 30kg, 8mm - 
50kg and 10mm - 80kg. The test is conducted with 2 t ile? and 
if one of the t iles fa ils  the rem ainder of tha t batch of t i les must 
be left to cure for a fu rthe r 14 days and then be re-tested.

4. The nib test. This test ensures that the nib of the tile is f irm ly 
connected to the ti le . 1% of the t i les  produced should be 
sub jected to this test. The t i le  must bear a weight of 20 kg 
hung from the nib. If the test t i le  fa ils  others should be tested
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as well. If those t i les  fa il the batch must be cured fo r  a fu rther 
14 days before being re-tested.

5. The perm eab ili ty  test. Two small we irs are formed, from mortar 
or clay, at the ends of the trough of the profile  of the tile. The 
t i le  is supported at the ends and the trough is f i l led  with water. 
No free water may have formed at the bottom outs ide surface 
of the t i le  a fte r 24 hours. The test must be conducted in a 
re la tive  hum id ity of 70% or over.

6 . The weight test. T ile  we igh t may not d iffe r by more than 10% 
from that of the average tile.

Performance
Groupo Sofonias estimate that more than 10 000 000 square 
metres of micro concrete  roofing have been erected through out 
the world  and in Latin Am erica alone it is estimated that there are 
over 8 000 000 square metres of roofing. In N icaragua there has 
been ample experience w ith high w inds which resu lted in the 
prov is ion of an add it iona l piece of w ire to attach the tile to the 
roof. T i les  f ixed in this way survived not only high w inds but in 
1989 they survived hurr icane Gilbert. F igure 2 on plate 3 shows 
an example of a roof produced by Groupo Sofonias.

3.4 HYDRAFORIVrS AGRI-TILE SYSTEM

At the time of w rit ing th is thes is  Hydraform was the only company 
considering in troducing micro concrete t i les  to South Africa. 
Hydra form ’s tile, the Agri-T ile , is loosely based on the Eco-Beton 
micro concrete tiles. Very few  A g ri-T i les  have been produced by 
Hydraform at th is po in t and as such litt le  h is torica l and 
performance re lated in form ation is ava ilab le  on them. However 
because of the s im ila r ity  between the A g ri-T i les  and Eco-Beton 
tiles, the Agri-T iles are expected to have s im ila r  performance 
character is t ics  to those o f the Eco-Beton t i les  d iscussed earlie r in 
this chapter.

Hydra form ’s approach to m icro-concrete  t i les  is d iffe ren t from 
those o f the other three com panies s tud ied in this chapter. These 
three companies estab lish  workshops in a f ixed location with 
perm anent bu ild ings and curing tanks and the surrounding 
com m unit ies are then supp lied from these centres.

Hydraform, on the other hand, in tends supp ly ing the Agri-T ile  
machine to en trepreneurs  who will travel from site to site 
supp ly ing each build ing pro ject with the t iles they require before 
moving on. This is deemed necessary due to the transport costs 
involved as well as to b reakage ’s resu lt ing from moving tiles from



47

workshops to surrounding communities. This would be 
excep tiona lly  d iff icu lt  in rural areas where a com munity is usually 
w ide ly  dispersed.

Hydraform 's ob jective  with the "Agri- t i le "  machine is to promote a 
se lf-he lp  approach to the construction of low cost housing. They 
state that the A g ri- t i le  machine will accom plish th is as it has the 
fo llow ing  advantages over roofing systems presen tly  used in 
South Africa:

1) Its use will bring up to a 60% cost saving
2) It is environm ent fr iend ly  and simple to use
3) Full use is made of unsk il led  labour from the com munity
4) Use is made of m ateria l usually present at or close to the

bu ild ing site
5) The t i les  are produced on site
6 ) The tiles have superio r acoustic  and thermal propert ies to 

steel sheeting which is frequen t ly  used at present

CONCLUSION

The case studies o f the three estab lished companies, Eco-Beton, 
Parry and Groupo Sofon ias ind ica te  tha t micro concrete t i les  
produced using low techno logy equ ipm ent s im ila r  to that provided 
by Hydraform have provided a cheap re liab le  roof covering with 
acceptab le  levels of thermal and acoustic  perform ance in a 
number of countr ies. The t iles have proved them selves 
h is torica lly , having provided e ffective  she lte r fo r  occupants during 
severe storms.

Hydra form 's  attempt to in troduce micro concrete  t i les  to South 
A fr ica should be welcomed as these t i les  could provide an 
a lte rna tive  to ga lvan ised sheet roofing as ind ica ted in the 
in troduction. A lte rna tive , low cost roofing is needed in South 
Africa.

The s tudy of the various types of roofing ava ilab le  on the South 
A fr ican market, conducted in chap ter 2, ind ica tes  that at the 
moment there is no other v iab le a lte rna tive  to ga lvan ised roof 
sheeting. In his 1996 d iscourse W ilton W ratten investigated the 
poss ib i l i ty  of producing a low cost cem ent m ortar roof t i le  using 
the Ag ri-T i le  system. W ra tte n ’s research is im portant as it 
p rov ides the on ly  techn ica l in form ation on the A g ri-T i le  system 
that is ava ilab le  to date.
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4 PREVIOUS RESEARCH UNDERTAKEN
4.1 Wratten

In 1996 W ilton W ra tten  produced an undergraduate d iscourse 
t it led  “The Production o f a V iab le  Cement M ortar Roof T i le ” . The 
purpose of th is d iscourse was to examine ways of improving the 
strength of A g ri- t i les  w ithout unduly com plica t ing  the 
m anufacturing process, since th is  would have defeated the 
in ten tions of Hydraform, the des igners of the A g ri- t i le  machine. 
W ratten examined the e ffect on the strength and s treng th -ga in -  
over-tim e characte r is t ics  of the t i les  when:

a) The t i les  were damp cured fo r  d iffe ren t periods of time.
b) The t i les  were cured at d iffe ren t temperatures.
c) The cement to water ratio of the mortar used to produce the 

t i les  was varied.
d) Five d iffe rent f ine  aggregates were used to produce the tiles.

The process of t i le  manufacture was also examined to ensure 
fam il ia r i ty  with the operation of the machine and to identify  
po ten tia l problems. W ratten encountered the fo llow ing problems:

1) The green t iles would break when they were transferred  from 
the v ib ra t ing  tab le  to the mould.

2) The green t i les  could be incorrec t ly  a ligned on the mould 
resu lt ing  in d is to rt ions in tile shape.

3) The t i les  were not of uniform th ickness.
4) One t i le  out of every batch of three t iles showed a s ign if ican t 

s trength  variation.

During his research he showed that when produced under 
labora to ry  cond it ions Agri-T i les  can meet the strength 
requ irem ents of the SABS. He concluded that do lom ite sand 
would produce bette r results than the river sand used at present, 
and also made the fo llow ing recom m endations:

1) A cost com parison should be undertaken to estab lish  the effect 
of using dolom ite sand and rapid hardening cement instead of 
r iver sand and ord inary Port land cement (OPC).

2) That fu rther investiga tion  be undertaken to estab lish  the effect 
o f changing the th ickness, d im ensions and shape of the tile

3) That fu r the r  investiga t ion  be conducted to estab lish  the 
feas ib il i ty  o f add ing f ib res to the mortar.
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Although his d iscourse showed that the Ag ri-T i le  machine has 
potentia l, it also h igh lighted the problems d iscussed above. In 
order fo r  the Agri- t i le  machine to be a com m erc ia lly  viable project 
for Hydraform the t i les  that it produces should comply with the 
re levant SABS standards, which are the only standards available 
for concrete  t iles in South Africa, and should also be consistent 
with respect to s trength  and shape. The ti le  cost must also be 
kept to a minimum.

4.2 HARiSIS

In 1998 George Haris is  produced an undergraduate  discourse 
exam in ing the poss ib i l i ty  of producing a v iab le  oxy-fluorinated 
po lypropy lene re inforced concrete  roof t i le  using the Agri-T ile  
production system. The use of po lyp ropy lene  f ib res was made 
possib le  by the A tom ic Energy Corpora tion  of South Africa which 
found a method of trea ting  po lypropy lene  w ith a mixture of 
oxygen and f luo r ine  which allows it to bond with Portland cement.

Haris is found that the add it ion  of the oxy-fluorinated 
po lypropy lene f ib res not only reduced the s trength  of the Agri- 
T iles but also increased the cost of producing  the tiles. Harisis 
a ttr ibuted the loss of s trength to the fact that:

a) The f ib res  were hydrophil ic . This meant that they held water 
c lose to them in the in it ia l curing stages, wh ich could introduce 
small voids at the f ib re /m orta r  in terface tha t could weaken the 
tile .

b) The mixing process of the mortar "ba lled" the f ib res together, 
wh ich resulted in high fib re  concentra t ions in certa in  areas in 
the tile, leading to a weakness due to the possib le  lack of 
cem ent b inding the f ib res  together.

c) The f ib res  may not have a llowed proper com paction  of the tile  
during vibration, resu lt ing in air voids that would weaken the 
tile.

d) The tile  may have been too th in  for the adequate embedding of 
the f ibres.

The f ind ings  in th is d iscourse ind icate that the add ition o f oxy- 
f luo r ina ted  po lypropy lene f ib res  is not a v iab le  method of 
improving the strength of the t i les  in an attempt to reduce the 
amount and thus the cost of the cement cons tituen t of the tiles. 
The resu lts  of th is research are corrobora ted  by the general trend 
towards the use o f micro concrete  instead of f ib re  reinforced 
concrete by companies such as Groupo Sofon ias and Parry.
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CONCLUSION

Laboratory  research such as that conducted by W ratten and
Haris is is not the only source of in form ation that has be
considered. Case studies of three companies producing  concrete
roof t iles in other countries, using sim ilar techno logy  to that 
suggested by Hydraform, have also prov ided a wealth of
in formation. The overall percep tion  created by the case studies 
and the research conducted by W ratten is tha t micro concrete 
tiles can poss ib ly  provide a so lution to South A fr ica 's  roofing 
problem as they have in o ther countries. The Agri-T i le  system 
util ises s im ila r  technology to that used by the companies 
investiga ted  in the case studies, yet there is still a lack of 
techn ica l in form ation ava ilab le  on the Agri-T ile  system. W ra tten ’s 
conclus ions ind ica te  that the Agri-T ile  system has a numbe-i of 
problems that need to be solved. These problem s as well as the 
lack o f techn ica l in form ation ind ica te  that fu r the r  investigation 
into th is system is warranted and an attempt should be made to 
refine and improve the A g ri-T i le  system so tha t  it is capable of 
meeting the needs of low cost housing deve lopm ent in South 
Africa.
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Flow chart 3: Case studies and earlier research undertaken 
on Micro Concrete Roof Tiles /MCR) roofing

More in fo rm ation  is requ ired on the low cost 
t i les  proposed by Hydraform (Agri-T ile )

Establish what research has 
been conducted on the Agr 
f i le  system

Case studies on companies 
success fu l ly  producing t iles in a 
s im ila r manner to that proposed 
by Hydraform

Eco Beton W ilton W ratten
1996

J.P.M Parry and 
Associates George Harisis

1998

Groupo Sofonias

The case studies and W ratten s research 
indicate tha t MCR is po ten tia l ly  a so lu tion 
to one o f the many aspects of South 
A fr ica 's  housing problems, However there 
are problems with the Ag ri-T i le  system in 
its present form

An a t te m p t  must  
be m a d e  to so lve  
th e  prob lems  
a l r e ad y
en co u n t e re d  with  
the  Ag r i - T i l e  
system

T he  need fo r  an 
ev a lua t ion  of  the  
Ag r i - T i l e  sy s te m to 
a s se ss  i t ’s su i tab i l i ty  
fo r  South  Af r ica



5. THE AGRI-TILE EVALUATION AND
MODIFICATION

5.1 STANDARDS

In order to evaluate a bu ild ing  system there must be an absolute 
standard aga inst which it can be judged. In South Africa the 
South A fr ican Bureau of S tandards has p rov ided a number of 
requ irements that bu ild ing methods and m ateria ls  have to meet in 
order to carry the SABS mark, which ind ica tes that an adequate 
level of qua lity  is associa ted with that spec if ic  product. However 
in terms of construction methods and m ateria ls  the SABS caters 
fo r  construction  methods and m ateria ls  assoc ia ted with standard 
construction  practice. Innovative construc tion  methods and 
m ateria ls  are referred to the Agrement Board of South Africa 
which uses a series of tests  to determ ine w hether the method or 
m ateria l evaluated is su itab le  for the purpose fo r  which it is 
in tended.

5.1.1 S T A N D A R D S  FO R M E C H A N IC A L L Y  P R O D UC ED  
C O N C R E T E  TILES

M echan ica lly  produced concrete  tiles have been used 
successfu lly  in South A fr ica  fo r  over f i f ty  years and the ir  use is an 
accepted standard method of construction. As such the South 
A fr ican Bureau of S tandards has set var ious s tandards and 
crite ria  aga inst which these tiles can be evaluated.

THE SOUTH AFRICAN BUREAU OF STANDARDS

In South A fr ica it is not com pulsory for concrete  roof t i les to 
comply w ith SABS spec if ica t ions  a lthough the products  of most of 
the large commercia l t i le  producers not only meet but also exceed 
these specif ica tions, wh ile  the products of many o f the sm aller 
t i le  producers do not meet the SABS spec if ica t ions. The SABS 
has two s tandards for m echan ica lly  produced concrete  roof tiles, 
ie, SABS 542 and SABS 062.



SABS 542: A specification for the manufacture & testing of plain
and interlocking concrete roof tiles

This  spec if ica t ion  gives various cr ite r ia  tha t must be met when 
m anufacturing plain or in te r lock ing  concrete  roo f t i les  to SABS 
standards. The spec if ica t ion  provides the fo llow ing  cr iteria:

TILE TYPE. SIZE AND DIMENSION:

Spec if ica tions  are given fo r  the length, w idth and th ickness of the 
t i les  as well as a procedure to be used to determ ine these 
dimensions. The spec if ica t ions  fo r  batten lugs, run off channels, 
nail holes and surface defects are also provided.

TRANSVERSE STRENGTH:

The fo llow ing  test is given to de term ine the transverse  strength of 
the t iles. The tiles should have an average transverse  strength of 
4N/mm (N ew ton ’s per m ill im etre of t i le  w idth) and an indiv idual 
t ransverse  strength of at least 3,5N/mm. The test method involves 
p lac ing the tile on two se lf-a lign ing  supports  40mm in d iameter 
pos it ioned two th irds  of the length of the tile  apart. The load 
should be applied to the t i le  at a rate not exceed ing  6500N/m in by 
a steel bea re r 40mm in d iameter, m idway between the supports, 
until fa i lu re . During testing the longest d im ension of the tile 
should be at 90 degrees to the steel bearers. T i les  should be 
immersed in water for 24 hours 30 m inutes before testing. A 
piece of rubber 13mm th ick  having an in te rna tiona l rubber 
hardness of 70 degrees should be placed between the steel 
bearer app ly ing the load and the tile.
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RAIN PENETRATIO N:

To conduct a rain penetra tion test a rain penetra tion test rig is 
required. This test rig has the fo llow ing character is t ics :

• It s im ula tes ra in fa ll on the tiles
® The s ides and back of the rig are c losed and a re lative 

hum id ity  of 70% is m ainta ined under the t iles during testing 
® If the rig is used in the open it needs to be covered to protect 

it from wind and rain
• Testers  should have access to the under side of the roof in the 

test rig so that observa tions can be made
« A sparge pipe is placed at the top o f the test sample to 

s im ulate run o ff  from h igher parts o f the roof
• A spray or a set o f sprays is pos it ioned above the test sample 

to s im ula te  rain on the tiles. Each t i le  should get equal 
amounts of water

• The sparge pipe should provide a s im ulated ra in fa ll of 
1 SOmm/hour

® The spray should provide a s imulated ra in fa ll o f 75mm/h
• The f low  rate fo r  the spray should be ca lcu la ted  using the 

fo llow ing  equation:
Flow rate ( l/m in) = 1,25 x actual roof area (in square metres), the 
sparge pipe should then be given double the f low  of the spray.

Test sam p le : The test sample com prises a section of roof 
constructed  at 30 degrees. Sixteen t i les  are p laced in a 4x4 
arrangement, in te r lock ing  t iles having a 75mm headlap and plain 
t i les  having a 65 mm headlap. The sample is sub jected to testing 
fo r  2 hours after which an inspection of the unders ide of the tiles 
should show no free  water (in other words no w a te r should have 
formed on the unders ide of the tiles or roof s tructure)

Conclus ion
The spec if ica t ions given fo r  t i les (both pla in and in terlock ing) in 
SABS 542 are not excess ive and w ill be incorporated in all 
aspects of this research. Both tests spec if ied  (the transverse 
strength test and the ra in penetra tion test) can be conducted at 
the un ivers ity  using ava ilab le  and spec ia l ly  constructed 
equipment. If the spec if ica t ions  given in SABS 542 can be met 
the t i les  produced will be considered s im ila r  in qua lity  to the 
concrete  roof t i les  produced by large com mercia l organ isations.

The A g ri- t i le  system produces pan t i les . The size of the tile  is 
determ ined part ly  by the shape of the m ould ing frame and partly 
by the shape of the mould used. As such the SABS 542 
spec if ica t ions for the ti le  size, shape and d imension found in 
section 3 points 1 to 7, will not be considered during this 
research.



SABS 062: A code of practice for the fixing of interlocking
concrete roof tiles.

This code of practice applies to the f ix ing  of in te r lock ing  concrete 
roof t i les. It should be noted that no code o f practice  is availab le 
from the SABS fo r  the f ix ing  of pla in or pan roof ti les or slate. A 
substantia l portion of SABS 062 is devoted to the sizes of roof 
s tructura l t imber members, the ir  spacing as well as the 
construction  of various roo f s tructura l deta ils  such as hips, 
va lleys and eaves.

Regard less of the t iles used, SABS 062 states that for d iffe rent 
cond it ions the use of an underlay varies from recom mended to 
essentia l. This should not change fo r  the design of a new tile  as 
th is code of practice states the use of an underlay is 
recommended at all times.

To determ ine the required methods of f ix ing concrete  t i les  onto 
roof s tructures th is code of practice  eva luates the fo llow ing 
cr iteria:

1) M inimum roof pitch is 17.5 degrees

2) W ind loads ca lcu la ted on two roof p itches - one of less than 30 
degrees and the other g rea ter than 35 degrees

3) Four terra in ca tegories ranging from exposed smooth terra in  
with no obstructions above 1,5 metres in height to terra in  with 
num erous c lose ly  spaced large build ings.

4) The regional basic wind speed

5) The height of the bu ild ing from the ground to the ridge. 
Categories range from 3 metre high one storey bu ild ings to 20 
metre high 3 storey build ings.

6 ) Length of the roo f slope

The aforem entioned cr ite r ia  i r e  evaluated and used in a number 
of tab les  provided to determ ine which method of f ix ing is su itab le 
fo r  fix ing concrete roof t i les to the part icu la r bu ild ing in question. 
Three methods of f ix ing concrete  roof t i les  are given and, of the 
three, method C is to be used in the most severe conditions.
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Method C states that roof p itches o f between 17,5 and 25 
degrees requ ire  every t ile  to be c lipped in position, while roof 
p itches ranging between 25 and 44 degrees require ali t i les to be 
e ither nailed or c lipped in position. For s lopes of over 44 degrees 
every t i le  must be nailed and clipped, soffits  and overhangs must 
a lso be closed and an underlay is essentia l.

CONCLUSION

In certa in  locations even sing le s torey bu ild ings 3 metres in 
height require t i les  to be fixed in accordance with method C (the 
most s tr ingen t method of f ix ing) d iscussed above. This indicates 
that any t iles evaluated or designed during this research should 
be designed in such a way that they can be nailed and clipped in 
pos it ion to allow for f ix ing  in accordance w ith method C.

5.1.2 STANDARDS FOR MANUALLY PRODUCED CONCRETE 
TILES

The Agrem ent Board of South Africa

As the manual methods of t i le  production  (such as the Agri-T ile  
method) are innovative  and de fin ite ly  not standard build ing 
practice, the Agrement Board of South A fr ica (which specia lises 
in determ in ing whether an innovative  construction  product is f it  
fo r  the purpose for which it is in tended) was consu lted. However 
the Agrem ent Board of South A fr ica  has no o ff ic ia l in formation 
ava ilab le  on the testing of roof coverings or roofing systems in 
general. A lthough the Board has been involved in the testing of 
Harveytile  and Brown Built 's  C lip lock  these are the only 
innovative  roofing products which have been presented to the 
Board fo r  eva luation and as such the cr ite ria  for these tests were 
app lied to each product on ind iv idua l merit. No general 
perform ance crite ria  and minimum perform ance requirements, 
such as those that are found in the Board 's booklets numbered 1 
and 2 fo r  walls, are ava ilab le  for roof coverings or roofing 
systems. This fu rther h igh lights  the need fo r  more research and 
the deve lopm ent of general perform ance cr ite r ia  in th is area.

The debate over the meaning of qua li ty  and how to apply qua lity  
s tandards in build ing to the needs and budgets of various income 
groups comes into play at i l . is  point. The only s tandards that are 
ava ilab le  for concrete  roof ti les are thosa of the SABS which were 
designed fo r  m echan ica lly  produced concrete  tiles, which are 
m iddle to high class roof coverings and are genera lly  
econom ica lly  out o f reach of the lower income classes. Apply ing 
the SABS standards to m anua lly  produced concrete tiles could 
have the fo llow ing  effects:



57

1. In order to meet the standard the cost of the tile could 
increase beyond the means o f the ta rge t market.

2. The manually  produced t i les  may be deemed unacceptable, 
even though they may be capable of meeting the needs of the 
lower income classes.

3. The t i les  may be deemed acceptab le  w ithout incurr ing any 
extra cost and as such gain the c red ib il i ty  assoc ia ted with 
products tha t meet these standards.

The National Home Bu ilders ' Reg is tra tion  Council (NHBRC) was 
set up in 1994 to be used for bu ild ing assessm ents and 
app lica tions for bonds. The NHBRC prescr ibes the build ing 
m ateria ls  and methods that have to be used if c lien ts  want to 
obtain bonds from banks to f inance the construc tion  of the ir  
houses. There are three ways of ob ta in ing  the NHBRC approval 
fo r  concrete tiles:

1. Design by rules. This means that the re levan t SABS 
spec if ica t ions must be met.

2. Demonstrate by rationa! design. The design must be presented 
to the NHBRC fo r  the ir  approval. The cr ite r ia  on which this 
approval is based have not been stipu la ted.

3. Be in possession of an Agrem ent certif ica te .

W hile the debate over the su itab il i ty  of the SABS standards for 
the eva luation of Ag ri-T i les  continues, these are the only 
s tandards which are ava ilab le  fo r  use in the A g ri-T i le  evaluation 
and which conform to the requ irem ents of the NHBRC. It was fe lt  
that as th is is the f irs t  com prehensive eva lua tion  of the Agri-T ile  
system, it should be conducted using s tandards which are 
recogn ised and which w ill ensure a level of qua lity  that will satisfy 
the NHBRC.

5.2 THE AGRI-TILE EVALUATION

As can be seen in the proceeding chapters  a great deal of 
research has been conducted on concrete t i les  produced using 
low techno logy machinery. Toge ther the case s tud ies conducted 
in chapter 3 and W ra tten ’s d iscourse, d iscussed in chapter 4, 
provide a wealth o f in form ation. However com bined with the 
SABS tests  conducted on the A g ri- t i le  in 1995 these also h ighlight 
the problems associa ted w ith th is type of t i le  and tile 
m anufacturing process. Before any attempt can be made to 
improve on the design of the A g ri- t i le  machine and the 
m anufacture  and perform ance of the A g ri- t i les  it is essentia l that 
an eva luation of the entire  Agri- t i le  system is conducted in order 
that all aspects re la ting to its makeup, m anufacture  and 
perform ance become known. Only once th is has been completed 
is one in a position to begin making changes in an attempt to
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production. It is also important to remember that the South 
A fr ican econom y is a unique blend of the f irs t and th ird  worlds 
and as such a part so lution to the third world housing shortage 
present w ill have to satisfy the f irs t  world expecta t ions of the 
South A fr ican people.

5.2.1 THE A G R I-T ILE  S Y S T E M

THE AGRI-TILE MACHINE AND ACCESSORIES

The Ag ri-T i le  system com prises the Ag ri- t i le  machine, seven 
moulds and a curing tank. The fo llow ing descr ip tions app ly to the 
A g ri-T i le  machine and accessories in the form supp lied by 
Hydraform and as they were used fo r  th is thesis.

'h  The v ib ra ting  ta b le :
The “Ag ri-T i le  machine” is m anufactured from mild steel which is 
pa in ted to prevent rusting. A base on four legs supports  the 
v ib ra t ing  table. Each leg can be adjusted in length to fac il i ta te  
leve ll ing  the v ib ra ting table. The v ib ra ting tab le  is a f la t piece of 
sheet metal, which is re in forced by square steel sections welded 
to i t ’s underside. It is a ttached to the base by four rubber 
mountings.

A toothed cog on a shaft (which is fastened to the base) is 
s ituated beneath the v ib ra ting table. The cog is attached to a 
handle and when turned the cog ’s teeth connect w ith the edge of 
a piece o f angle iron which is welded across the m iddle of the 
v ib ra t ing  table, th is causes the tab le  to v ibrate. A bubble type 
sp ir it  level is attached to the base and is used to level the 
v ib ra t ing  table.

An 8mm th ick  rec tangu lar metal frame is connected to the 
v ib ra ting  tab le  with hinges. This frame determ ines the shape and 
th ickness o f the t i le  and can be lifted to fac i l i ta te  the removal of 
the fresh t i le  from the v ib ra ting  table. The base, to which the legs 
are attached, is approx im ate ly  tw ice  the size of the v ib ra t ing  table 
in order to provide space for the moulds to be p laced next to the 
v ib ra t ing  tab le so that the green tile can be eas ily  transferred 
from the v ib ra ting tab le  to the mould.

The legs of the machine are de tachab le  and the machine fo lds in 
half. The fo lded machine and all accessories f i t  into a conta iner 
which acts as a curing tank wh ile  the machine is being used.

2) The curing tank : the curing tank is made from mild steel which 
is pa inted to prevent it rusting. The tank is in fac t the conta iner in
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which the A g ri- t i le  machine and all accessories are stored and 
transported . The tank has a lid, a lock and handles.

3) The M ou lds : Each machine is supplied toge the r with seven 
f ib reg lass  moulds. The moulds are shaped in an “ s” profile  
cha rac te r is t ic  of pan tiles.

PREPARING THE MORTAR

Hydraform  recommend a cement to aggregate ra tio  of between 
1:2 and 1:3, and also recommend the use o f r ive r sand as an 
aggregate. Due to the lack of cons is tency in t i le  s trength and 
th ickness experienced by W ilton  Wratten, a cem ent to aggregate 
ratio of 1:2 was used fo r  th is  thesis except fo r  the batches made 
on 29/1 and 15/4 when a mix o f 1:3 was used (as shown in the 
t i le  tab les -  appendix A). M ixing the mortar shou ld  be done on a 
dry c lean surface which is free from the res idue o f previous 
mixes.

Hydraform state that the w a te r content of the m ortar is of the 
utmost im portance as too much wa te r in the mix w ill cause tiles to 
be br it t le  and porous where as too l i t ‘ !e wa ter produces mortar 
that is d if f icu lt  to work and may cause the green t i le  to crack 
when it is transferred from the v ib ra t ing  tab le  to the mould. The 
water to cement ratio recom mended by Hydraform is 1:2. 
Accord ing  to Hydraform the water content o f the mortar may be 
checked using the eye-ba ll test which is conducted by squeezing 
a ball o f it in the hand. If wa te r is forced out, or if wa ter comes to 
the surface of the green t i le  during v ibration, the mix is said to be 
too wet. If the ball of mortar is crumbly or if the mortar is d iff icu lt  
to work with then the mix is too dry. Hydraform  recommend 
making a number of tr ia l mixes in an a ttem pt to f ind  the optimal 
mix for the specif ic  sand being used.

TILE PRODUCTION

The machine and accessories are unpacked and the legs are 
f it ted  to the machine. The machine is then levelled, using the 
sp ir it  level that is perm anently  attached to the base of the 
machine, by adjusting the length o f the legs until the sp ir it  level 
ind ica tes that the v ib ra ting tab le  is level. The v ib ra ting  tab le  must 
be kept level at all t imes o therw ise the t iles will not be of uniform 
th ickness. The moulding frame is attached to the v ib ra ting  table 
using s lid ing hinges and its a lignment is checked and 
s tra igh tened  if necessary.

Once the machine is set up and the m ortar is prepared, 
Hydraform  recommend that the t i les  are produced in the fo llow ing 
manner:
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1. The m ould ing frame is unhooked, li f ted and a suitab le p lastic  
sheet is spread over the v ib ra ting table. The m ould ing frame is 
then c losed and the mortar mix is p laced on the p lastic  sheet. 
The mortar is spread rough ly  using a trowel and, while  an 
ass is tan t turns the handle of the v ib ra t ing  table, the mortar is 
fu rthe r spread using the trowel until it forms a f la t sheet. A ir  
trapped in the mortar can be seen escaping in the form of air 
bubbles on the surface of the tile  during v ib ra tion. Once the 
bubbling has stopped v ib ra t ion  of the tile  can cease. V ibra tion 
should last for between 30 and 60 seconds. At th is po in t a 
f ix ing hole should be made in the green t i le  so that the tile  can 
be even tua lly  a ttached to the roof s tructure  w ith a nail or wire.

2. The m ould ing frame is unhooked and, while  tapp ing it gently 
with the edge of the trowel, it is li f ted care fu lly  out of the way. 
If the frame is li f ted w ithou t it having being been tapped the 
green t i le  sticks to the edges of the frame and breaks. A mould 
is then posit ioned on the base next to the v ib ra t ing  table with 
the edge of the mould aga inst the v ib ra t ing  tab le  (they are the 
same height). The green t i le  is then transfe rred  onto the mould 
by pu ll ing  the p las tic  sheet, with the green tile, onto the mould 
in one smooth movement. The edge of the va l ley  side of the 
ti le  is then a ligned with the edge o f the mould. This must be 
done accura te ly  or it will result in a deformed t i le  that cannot 
be used. The mould w ith the green t i le  should be moved to a 
separa te  inspection tab le  and exam ined fo r  proper a lignment 
and damage. A wide wet pa in tbrush is then used to brush the 
surface of the t i le  to remove any irregu la r it ies  and to increase 
the hum id ity  at the surface of the t i le  to prevent shrinkage 
cracks. This process should take no longer than 5 minutes.

3. The t i les  are cured on the mould fo r  24 hours before they are 
removed. W hile  the t i les  are on the mould a high hum id ity  is 
needed to prevent shrinkage and drying cracks and to ensure 
that su ff ic ien t moisture remains in the tile  to fac il i ta te  the 
hydration process. The t i les  are covered w ith wet hessian and 
then a p lastic  sheet to ensure that they are in a su ff ic ien tly  
humid environment.

4. A fte r 24 hours the t i les  are uncovered and removed from the 
moulds. The p las tic  sheet on which the t iles have been lying is 
gen tly  removed from the base of the tile . The t iles are then 
placed upright in a curing tank fo r  a fu r the r  7 days. A fte r  this 
period the tiles are removed and inspected fo r  twists, cracks, 
rough edges or any o ther defects. The t i les  are then ready fo r  
use.
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5.2 .2  L A B O R A T O R Y  P R O D U C T IO N  OF T ILES USING  
THE A G R I-T ILE  SYS TEM

A gri-T i les  were produced using the Ag ri-T i le  method and 
equ ipm ent in the build ing sc ience labora tory  at the Un ivers ity  of 
the W itwatersrand.

MORTAR PREPARATION

The batch ing process o f measuring out the volumes of raw 
m ateria l was used to produce the m ortar mix. Vo lum e batching 
was used for th is thes is  as it provides a quick, s imple and, for 
th is purpose, a su ff ic ien tly  accurate method o f m easuring small 
quan tit ies  of materia l. This- method of batch ing may be unsu itab le 
fo r  site use due to the lack of contro l o f the m ois ture  content of 
the sand on site. The volume of the sand m easured may be the 
same, but a 5% (by mass) change in the moisture content of the 
sand can lead to as much as a 40% change in the volume of the 
sand. A weigh batch ing system will be more accurate  for on site 
use as a change in the water content o f the sand will have far 
less o f an effect on th is  batch ing system. The cement to 
aggregate (river sand) ratio of the mortar used was 1:2, which is 
the maximum ratio recom mended by Hydraform, except fo r  the 
batches made on 29/1 and 15/4 when a mix o f 1:3 was used (as 
seen in the tile tab les -  append ix  A).

The cement to w a te r ratio o f the mortar ranged between 1.5 : 0.5 
and 1.5 : 1,8. This ratio was varied in an attempt to ascerta in  the 
ratio that provided optimum w orkab il i ty  and to ensure that the 
t i les  produced were of the h ighest standard. Each batch of mortar 
was m ixed in a coun ter curren t m ixer fo r  10 minutes.

Three mortar cubes were produced w ith every batch of mortar 
used to produce t i les  accord ing to the A g ri-T i le  system. The 
cubes were kept in the ir  moulds for 24 hours and then placed in 
the curing tank. This was done in order to check the strength of 
the mortar and to ensure that t i le  fa i lu re  was not due to a 
de fec t ive  batch of mortar. The s trength  of the cubes are shown in 
appendix  A (viii to xiii).

T i i  ?- PRODUCTION

The t iles were produced using r iver sand and in the manner 
recom mended by Hydraform, which is d iscussed in section 5.2.1 
of th is chapter. The only deviation from this method was the use 
of the curing tank in the labora tory  instead of the curing tank 
supp lied with the Agri-T i le  system. This change was made to due 
to space and equ ipm ent constra in ts  in the laboratory. Detailed 
descr ip tions of the tiles produced can be found in the 'deta iled 
t i le  ta b le s ’ in appendix A (viii to xxi).
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5.2 .3  TESTING  THE A G R I-T IL E S

VISUAL INSPECTION

W hile  the SABS 542 spec if ica t ions  for the d imensions o f plain 
and in terlock ing t iles cannot be app lied to pan tiles, +he SABS 
and both Eco-Beton and Groupo Sofon ias recommend that each 
t i le  be v isua lly  inspected for defects.

V isua l inspection of the A g ri- t i les  revealed the fo llow ing  defects:

Rough t i les  ( r t ): T i les  had a rough surface texture  which was not 
aes the tica lly  p leasing. This was in fluenced by the proport ions of 
the mortar mix.

Rough edges ( re ) : T iles had rough edges due to mortar seeping 
below the mould ing frame or from  the green t i le  s t ick ing to the 
m ould ing frame. This would resu lt in prem ature fa i lu re  due to 
point loading on the uneven edges when the t i les  are p laced on a 
roof.

W arped t i les  fw ): Due to poor a lignment of green t i les  on the 
moulds some of them had a warped or tw is ted shape. These 
could not be used as the tw is ted shape would preven t them from 
overlapp ing  neatly and result in premat re fa i lu re  due to point 
loading.

Porous t i les  (o ): A ir  entrapped in the tiles escaped in the form of 
bubbles during v ib ra t ion  and in some instances these bubbles left 
pockmarks on the surfaces o f the tiles, which e ffec t ive ly  reduced 
the th ickness o f the t i le  at that point thus weakening it.

Hessian stick ing to the tile  (hT The wet hessian used to cure the 
t i les  often stuck to them, resu lt ing  in t i les  that were not 
aesthe tica lly  pleasing.

Brush marks (b ): Brushing the green ti le  with a wet soft paint 
brush increased hum id ity  at the surface of the t i le  and eradicated 
some surface defects, but a lso resu lted in brush marks that 
reduced its aesthe tic  appeal.

P las t ic  damage (pd ): The A g ri- t i les  were produced on a p lastic  
sheet wh ich was used to cover the v ib ra ting  table. If the p lastic  
sheet had fo lds or holes in it these im perfections were passed on 
to the t ile . Damage to the t i les  ranged from m inor b lemishes, 
which on ly  affected the appearance of the tile, to major defects, 
which reduced its strength.
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Uneven t i le  th ickness (’i ): This does not re fer to the var ia t ion  in 
t i le  th ickness due to a warped or off- leve l v ib ra ting  table as these 
defects are d iff icu lt  to see and must be measured accurate ly. The 
uneven th ickness m entioned here is caused by a mortar mix 
which does not f low  well on the v ib ra ting  table. This causes 
lumps to form on the surface of the t i le  which are eas i ly  visible. 
These lumps will prevent the t iles from overlapp ing  neatly, 
result ing in a leaking roof and will also cause point loading which 
w ill result in fa ilu re  o f the tiles.

Cracks (c ): Two types of cracks were observed in the tiles. The 
f irs t type was caused by bending when the t i les  were transferred 
from the v ib ra ting  tab le  to the moulds. These cracks were severe 
and the t i le  was usually  d iscarded at that point. However, some 
s light transfe r cracks were observed in some of the cured tiles. 
This second type of crack was caused by rapid m oisture loss 
which caused the t i le  to sh r ink  and crack. Cracks in t i les  reduce 
the ir  s trength and render them unsu itab le  for use.

The part icu la r  defects  p resen t in each tile are ind ica ted in the 
detailed ti le  tab les in appendix A (viii to xxi). The most frequent 
defects are lis ted in the average tile tab les a lso found in 
appendix A (iii to vii). Each defect is marked w ith one t ick  if the 
defect occurred seldom in that batch of tiles, two t icks indicate 
the defect occurred often and three ticks ind ica te  that the defect 
occurred almost always. No t ick  is an ind ica tion that the defect 
was not present in that batch o f tiles.

TILE DIMENSIONS

Each t i le  was we ighed and its th ickness was measured 30mm in 
from each corner to avoid irregu la r it ies  in tile  th icknesses which 
were found to occur at the edges..

TABLE A: SUMM ARY OF THE AVERAGE TILE THICKNESSES 
AND W EIGHTS _________

A v e r a g e  t i le
Dat e N u m b e r T h i c k n e s s T h i c k n e s s W e i g h t  (kg) W e i g h t  range
produced of  t i les (mm) range (mm ) (kg)
19/1 4 10 .0 ± 0 . 7 5 4 . 5 8 8 ± 0 . 3 7 8
20/1 6 9.9 + 1 . 3 5 4 . 8 8 2 ± 0 . 7 9 7
21/1 6 10.1 + 1 . 2 5 4 . 9 6 8 ± 0 . 5 4 6
22/1 7 10.1 + 1 . 0 0 4 .8 61 ± 0 . 4 3 6
27/1 6 9 .2 + 0 . 8 0 3 . 9 8 6 ± 0 . 2 4 3
28/1 7 9.1 + 0 . 3 0 4 . 1 6 8 ± 0 . 3 3 8
29/1 7 9 .0 + 0 . 6 0 3 .861 ± 0 . 2 0 0
15 / 4 6 8.4 ± 0 . 7 5 3 . 8 3 7 ± 0 . 1 6 6
16 / 4 6 9.3 ± 0 . 5 5 4 .3 11 ± 0 . 2 3 8
2 9 / 6 4 '

9 .4 ± 0 . 6 0 4 .0 51 ± 0 . 0 8 6

Tota l 59
A v e r a g e  £ 9 .4 ± 0 . 8 0 4 . 2 9 0 ± 0 . 3 4 3
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Table A is an extract from ti le  average tab le  1. The ideal Agri-t i le  
is 8mm th ick  while  tab le  A ind icates that the tiles produced in the 
labora tory  were on average between 8.4 and 10.1 mm thick. As 
can be seen there was a s ign if ican t varia t ion in the th icknesses of 
the tiles. Thicknesses varied on average by between ±0.30 and 
± 1 .35mm which represents  a var ia t ion  from the 8mm spec if ica t ion  
fo r  tile th ickness of between ±7.5 and ±33.75%.

The SABS requ ire  that the length of the t i le  to be w ith in  ±1.5% or 
±1 % of the s t ipu la ted  length, depending on the type and size of 
the tile. The ti le  width may not vary by more than ±1.2% or ±0.6% 
of the s t ipu la ted  tile  width, depending on the type and width of 
the t i le  if it is to meet SABS spec if ica t ions. The SABS has no 
range of perm iss ib le  dev ia tion fo r  the th ickness of the tile. The 
only requ irem ent is that the t i le  is th icker than a minimum figure 
which cannot be app lied to pan t i les  of th is nature. However it is 
clear tha t the var ia t ion in the th ickness of the Agri-T i les  is well 
above an acceptab le level when compared to the small to lerances 
in tile  length and width stipu la ted by the SABS.

The SABS has no spec if ica t ion  w ith re fe rence to tile weight. 
Accord ing to Eco-Beton and Groupo Sofon ias the we igh t of the 
t i les  should not vary by more than ±10% of the average tile  
weight. Table A ind icates that o f the 10 batches of ti les produced 
2 batches had average t i le  w e igh t ranges o f more than ±10%, 
which is unacceptable.

TILE STRENGTH TEST

The Ag ri-T i les  were tested in accordance with the transverse 
strength test set out in SABS 542 and d iscussed in section 5.1.1 
of th is chapter. Figure 1 on p late 4 shows the transverse  strength 
test rig used to test the tiles. The t i les  tested were 8 days old and 
were tested w ith in  half an hour of being removed from the curing 
tank. SABS 542 requ ires an average minimum t i le  strength of 4 
N/mm of t ile  width and a minimum ind iv idua l t i le  s trength of 
3.5N/mm of t i le  width.
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TABLE B : Average t i le  s trengths
D a te  1 N u m b e r  of  t i les  
produced  I

A v e r a g e  t i le 
st rength  (kN)

A v e r a g e  t i le  st rength  
( N \ m m  of  t i le width of  
2 8 5 m m )

19 /1  1 4 0.71 2 . 4 9
20 /1  1 6 0 . 7 4 2 . 6 0
28 /1 7 0 . 6 9 2 . 4 2
29 /1 7 0 . 5 6 1 .9 6
1 5 / 4 6 0 . 6 4 2 . 2 5
1 6 / 4 6 0 .8 6 3 . 0 2
2 9 / 6 4 I 9 . 6 5 2 . 2 3

Tota l 40
A v e r a g e 0 . 6 9 2 . 4 3

Table B is a summary of t i le  average tab le  1 (appendix  A (iii)), 
and reveals that the tiles did not meet the SABS requ irements for 
t i le  strength, as the average tile  s trength was well below the 
required 4 N/mm of t i le  width.

RAIN PENETRATION TEST

In order to perform the rain penetra t ion  test, set out in SABS 542 
and d iscussed in section 5.1.1 of th is chapter, a specia l rain 
penetra tion test rig, which can be seen in f igu re  2 on plate 4, was 
constructed at the univers ity . The frame o f the rig was 
m anufactured from tim ber and produced a test roof with a slope 
o f 30 degrees. The battens were spaced at 570mm centres. The 
runoff from the roof was caught in a gutter, wh ich led the water 
into a tank. A pump transported  the water from the tank to the 6 
sprays, which were s ituated above the test roof. A sparge pipe 
was used to s im ula te  run-o ff  from h igher parts o f the roof.

A 3-tap system was used to ach ieve the requ ired f low  rates. The 
f irs t tap contro lled the volume of wa ter supp lied to the sprays, the 
second tap contro lled  the volume of wa te r supp lied  to the sparge 
pipe and the third tap was used to contro l the vo lume of water 
bypassing the system and re turn ing to the tank. A re lative 
hum id ity  of over 70% was observed beneath the test roo f at all 
t imes during testing. The rain penetra tion test rig was constructed 
in manner that com plied with all the requ irem ents set out in SABS 
542. A deta iled descrip tion of the rain penetra tion test rig is given 
in appendix B (xxii).

The rain penetration test conducted on 3 test sam ples of 16 tiles 
each fo r  a period of 2 hours revealed no drops of water had 
formed on the underneath of the test roof. All o f the t i les  had 
however become dark in co lour due to w a te r absorp tion. The 
Agri-T i les  thus met the requ irem ents of the SABS rain penetration 
test.
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CO NC LU SIO N

The tests earned out on the Agri-T i les  revealed that the rain 
penetra tion character is t ics  of the Agri- t i les  met with the required 
SABS spec if ica t ion . The tile  strength was below SABS standard, 
and the dev ia tions in t i le  weights and th icknesses were 
unacceptab ly  high. Of the other defects encountered, the poor 
a lignment of the green t i le  on the mould (resu lt ing  in a warped 
ti le  shape) and the cracking of the green t i le  (when it was 
transferred  from the v ib ra t ing  table to the mould) were not only 
the most destructive , but a lso the most prom inent. These two 
problems will be d iff icu lt  to prevent.

5.2 .4  P R O B LE M S  E N C O U N T E R E D  W ITH THE  
L A B O R A T O R Y  P R O D U C T IO N  OF TILES-US1NG THE  
A G R I-T IL E  SYSTEM

5.2.4.1 THE AGRI-TILE MACHINE AND ACCESSORIES

The v ib ra t ing  ta b le : The fo llow ing  problems were encountered
w ith the v ib ra t ing  table:

1. The v ib ra ting table trave lled  around during v ibration. This 
caused the tab le  to become un leve lled and affected the 
th ickness of the tile. Bolting two of the ad jacen t legs of the 
v ib ra t ing  table to the concrete  f loo r  solved th is problem.

2. The 8mm steel frame on the v ib ra ting  table was warped. This 
a llowed mortar to seep out between the fram e and the 
v ib ra t ing  table which in turn affected the th ickness of the tile. 
S tra igh ten ing  the frame reduced the problem.

3. The v ib ra ting table does not provide equal v ib ra tion  to all 
po in ts  of the table. The most v igorous v ib ra t ion  takes place in 
the centre of the tab le  and th is decreases towards the corners. 
As a result wh ile  the corners of the tile  still conta in entrapped 
air the mortar in the centre of the tab le  is beg inning to 
separa te  due to excess v ibration. The problem will only be 
cured by modify ing the table.

4. The v ib ra ting table was s ligh t ly  warped resu lt ing  in th ickness 
var ia t ions in a tile.

5. The sp ir it  level a ttached to the base of the v ib ra ting  table did 
not co inc ide w ith the level of the v ib ra ting  table itse lf  (the 
sp ir it  level would ind icate that the base was level while  a spirit 
level s im u ltaneous ly  p laced on the v ib ra ting  tab le  showed that 
th is was off level). As a result the v ib ra ting tab le  was levelled 
w ith an independent sp ir i t  level.
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6 . The split  pin used to hold the handle of the v ib ra t ing  table in 
p lace broke on a number of occasions. This part of the 
m achine will have to be strengthened.

The moulds
The f ib re  glass moulds supp lied were warped and the ir  edges 
were not s tra ight. As a resu lt all t i les  produced on the moulds 
were also warped.

The curing tank
The curing tank is too small to be used fo r  t i le  production. When 
the t i les  are transferred to the curing tank from the moulds they 
are too weak to be stacked on top of one another. As a result 
on ly a lim ited number of t i les  w ill f it  into the curing tank 
Production  will then have to stop to a llow these t i les  time to cure. 
Once the f irs t  ti les produced have cured for 7 days and are 
removed from the curing tank they can only be rep laced by an 
equal number of tiles. This will cause a bott le  neck at th is point in 
the system and reduce ti le  p roduction s ign if ican tly . E ither a larger 
curing tank or an a lte rna tive  method of curing the t iles will be 
requ ired if t i les are to be produced on a reasonable  scale.

5 .2 .4 .2  THE AGRI-TILE SYSTEM

In add it ion  to the prob lem * encountered with the Agri- t i le  
equ ipm ent and accesso iids  listed above, the ti le  defects 
d iscussed in section 5.2.3 of th is section ind ica te  a number of 
fundam enta l f laws in the actual method used to produce the Agri- 
T iies. The problems encountered w ith th is method of the 
production  are:

1. Cracking of the green t i le  when it is t ransferred  from the 
v ib ra ting  table to the mould

W hen the p lastic  sheet on which the green ti le  is ly ing is pulled 
from the v ib ra ting  table onto the mould the green t i le  is forced to 
fo l low  the contours of the mould. The t i le  bends f irs t  one way, 
when it goes through the trough of the mould, and then bends the 
o ther way when it passes over the ridge of the mould before it 
comes to rest. The surface of the t i le  thus experiences 
com press ion  fo llowed by tens ion  which resu lts  in the cracking of 
the ti le . This problem was frequent and resu lted in a great deal of 
wastage.

2. Poor a lignment of the green t i le  on the mould

Great d i f f icu lty  was experienced a lign ing the green tile  on the 
mould. This operation was time consuming and errors were 
frequen t due to the lack of any marking or t i le  alignment
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ind ica tors  to fac il i ta te  the process. This resu lted  in wasted time 
and materia l,

3. The Production and use of concrete moulds

Hydraform supply seven f ib reg lass  moulds toge ther with the 
v ib ra ting  table, which allows the production o f seven t iles a day. 
This trans la tes to rough ly  a square metre of roof covering a day. 
In other words it would take 60 days to produce su ff ic ien t ti les to 
cover the roof of a small house with a roof  area o f 60m 2. This is 
too s low and does not u t i l ise  capita l in an in tens ive  manner. 
Hydraform  state that concrete  moulds can be produced in a 
s im ilar manner to t iles. However the use of concrete  moulds 
means that any fau lt  in the mould w ill be passed on to all t iles 
produced on that mould. In Noti-Tejas, The Info rm ation Bulle tin  
fo r  the Latin Am erican Micro Concrete Roof T i le  (MCR) Network, 
Katryn Rhyner Pozak states that “ It is im poss ib le  to guarantee 
cons is ten t qua lity  t i les  if the moulds are not exact. Thus from the 
outset home made moulds, mainly from concrete , cannot be 
exact, as d iffe rences between one mould and ano the r are the 
norm and this w ill not allow fo r  a good f ina l p roduc t.” The mould 
is seen as the most im portant and most expensive item of 
equ ipm ent in the production of MCR t i le s  19. Parry and Groupo 
Sofon ias share s im ila r  sentiments and as a resu lt  they use only 
high qua li ty  moulds which form the bulk of the cost of the ir  tile 
p roducing systems.

W hile  the high qua lity  moulds used by these com pan ies produce a 
good qua li ty  product they are also ex trem ely  expensive. All 
ev idence and common sense te lls  us that the use of home-made 
concrete  moulds will be in troducing ano the r var iab le  into an 
already com plicated equation. As such th is  aspect of the Agri-T ile  
system is unacceptable. Due to the cost o f high qua lity  moulds 
another solution to th is problem must be found.

CONCLUSION

It is c lear that in its present form the A g r i-T i le  system does not 
produce t iles on a su ff ic ien t scale which are of acceptable, 
uniform qua li ty  to be considered a po tentia l solution to the 
problem s encountered in the low cost roo f ing  industry  is South 
Africa. The most s ign if ican t problems encountered with this 
system are that the t i les  produced have insu ff ic ien t strength and 
a high varia t ion in th ickness and weight. P rob lem atic  t i le  transfer 
to and a lignm ent on the moulds, the suggested use of concrete 
moulds lim ited production quantit ies  due to the small number of 
pre-form ed moulds supplied, and the small curing tank are all 
fac to rs  inh ib it ing th-3 e ff ic iency of the system.
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First in 1979 Parry and then in 1983 Groupo Sofon ias came to the 
rea lisa t ion  that in order to produce tiles of consistent, high quality 
specia l high qua lity  t i le  p roduction equ ipm ent would have to be 
m anufactured and the equ ipm ent would have to be operated by 
tra ined workmen in a contro lled  environment. In order fo r  the 
Ag ri-T i le  system to become a v iab le roofing a lte rna tive  in South 
A fr ica  not only will the problems mentioned above have to be 
solved, but Hydraform will have to improve the qua li ty  o f the ir  tile 
production  equipment.

5.3 MODIFICATION OF THE AGRI-TILE SYSTEM

W hile  the eng ineering m odif ica tions that are requ ired to improve 
the qua li ty  of the ti le  producing equipment, such as the v ib ra ting  
tab le  and mould ing frame, are beyond the scope of th is  thesis 
there is a poss ib il ity  that so lu tions to a number of the problems 
encountered can be found.

5.3.1 VARIATIONS IN TILE S T R E N G T H .  W E IG H T  AND 
T H IC K N E S S
The incons is tanc ies  encountered in the tile  s trengths, th icknesses 
and we igh ts were due to two factors , one of wh ich was the 
de f ic iency  in the qua li ty  o f the equ ipment used to produce the 
tiles. The other fac to r  contr ibu ting  to these incons is tenc ies  was 
the method of t i le  production.

In it ia l ly  an arb itrary  amount of mortar was placed on the v ib ra ting 
tab le  and trowelled evenly over the surface o f the v ib ra ting table 
during v ibration, until it was level w ith the top of the moulding 
frame. If there was excess mortar it was removed with the trowel, 
while if the amount o f mortar in it ia l ly  placed on the tab le  was too 
small ano ther arb itra ry  amount of mortar would be placed on the 
tab le  to supplem ent the in it ia l amount.

In order to place the correct amount of m ortar on the v ibrating 
tab le  the volume o f a t i le  was ca lcu la ted  and a su itab ly  sized 
con ta iner with g raduations was obta ined. The con ta iner was f il led 
to the required volume w ith mortar and the mortar was then 
p laced on the v ib ra ting table and trowelled into position.

TABLE C: Average th icknesses and we igh ts o f the m odif ied tiles
A v e r a g e  t i le

D a te N u m b e r T h i ck ne ss T h i ck ne ss W e i g h t  (kg) W ei g h t  range
p roduced of  t i les (mm) range  (mm ) (kg)
3 0 / 6 4 8 .4 + 0 . 2 0 3 . 6 3 7 ± 0 . 2 2 3
1 /7 6 8 .6 + 0 . 6 5 4 . 1 2 6 ± 0 . 1 7 5
7 /7 23 8 .6 ± 0 . 4 5 4 . 0 7 5 ± 0 . 1 5 5
9 /7 12 8 .5 + 0 . 9 5 4 . 0 6 7 ± 0 . 1 0 7

T ota l nnT"
A v e r a g e 8 .5 + 0 . 5 6 4 .0 41 ± 0 . 1 6 5



70

Tab le  C is derived from ti le  average tab les 1& 2 (append ix  A (iii & 
iv)). When comparing tab le  C to tab le  A (on page 63) it can be 
seen that the new method of measuring the volume of the mortar 
reduced the average tile  th ickness by 0.9mm to an average of 
8.5mm instead of 9.4mm. The average t i le  we igh t was reduced by
0.249kg resu lt ing in the in it ia l average t i le  we igh t of 4.290kg 
reducing to 4.041kg. The average range of ti le  we igh ts  reduced 
from ±0 .343kg to ± 0 .165kg, which means that on average the 
var ia t ion  in tile we igh t was 8.2%. In terms of the standards set by 
Eco-Beton and Groupo Sofon ias th is is an acceptab le  variation.

The new method of m easuring the correct mortar volume before 
p lac ing it on the v ib ra ting tab le reduced the average range in tile 
th icknesses from ±0.80mm seen in tab le  A to ±0.56m m  seen in 
tab le  C. This represents an improvem ent of 6% when re lated to 
the specif ied tile th ickness of 8mm. The improved average tile  
th ickness range of ±7% is however excess ive when com pared to 
the to le rances in tile length and w id th  perm itted by SABS 
542 .This defect was due to a com bination o f poor v ibration, which 
fa iled  to cause the m ortar to f low  adequate ly  and the warped 
vib ra ting  tab le  and mould ing frame which a llowed mortar to 
escape at spec if ic  points. This var ia t ion in tile  th ickness will only 
be fu rther reduced by improving the qua li ty  of the t i le  producing 
equipment.

5.3 .2 THE M O ULD ISSUE

A number of the defects encountered in the t i les  and the 
problems encountered when m anufacturing the t i les  re lated to the 
present t i le  m ould ing system. An a lte rna tive  method of shaping 
the t i les  could reduce the t i le  defects and e lim ina te  the problems 
encountered with the present mould ing system.

The new ti le  mould ing system would have to be cheap, user 
fr iend ly  and be capable  of producing a reasonable  number of t iles 
(per batch) of uniform shape. The new system would also have to 
fac i l i ta te  tile  curing, which takes 24 hours and requ ires  a high 
humid ity.
In it ia l ly  c lay tiles, on which concrete t iles are based, were 
parabo lic  in shape and were often moulded on the th ighs of the 
women who made the t iles. As th is roofing method evolved and 
moulds were in troduced the ti le  shape changed to the "S" profile 
often used today. The parabo lic  “ IT  pro file  is still in use but has 
lost popu la rity  due to the increased cost and we igh t associated 
with th is profile  due to the larger amount o f overlap required to 
produce a wa te rt igh t roof, however th is  p ro file  does have a 
num ber o f advantages.
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The fo llow ing  advantages could be assoc ia ted  with the 
subs titu t ion  of the "U" shaped profile  fo r  the “S” shaped tile 
pro file  cu rren tly  used by the Ag ri-T i le  system:

1. When the green tile  and p las tic  sheet are pulled onto the 
mould the surface of the t i le  will only experience compression 
as it passes through the trough of the mould before coming to 
rest. This would s ign if ican tly  reduce the r isk o f the green tile  
crack ing at th is point.

2. The m iddle of the tile  would come to rest in the m iddle of the 
trough of the mould. It would be easy to prov ide ti le  alignment 
ind ica tors  to fac il i ta te  the accurate  a lignm ent of the green tile 
on the mould.

3. The mould would not have to be ridged, as the profile  of the 
ti le  would be parabolic. M ateria l suspended between two 
accura te ly  spaced rigid supports  would provide the profile 
shape under the power of gravity . Simply changing the spacing 
of the two supports could vary the tile profile .

4. As com m erc ia l concrete t i le  manufacturers a lready produce 
t i les  with a s im ila r  profile  the “ U" shaped A g ri-T i le  could take 
advantage of the roof s truc ture  and f ix ing  methods already 
estab lished fo r  t i les with th is  profile .

It was fe lt  that the potentia l advantages assoc ia ted  with the 
proposed parabo lic  shaped Ag ri-T i le  would prov ide  so lutions to a 
number of the problems and defects assoc ia ted  with the present 
Agri-T i le , and as such the new parabo lic  shaped t i le  warranted 
fu r the r  investigation.

DETERMINING THE NEW TILE PROFILE

In order to produce the new ti le  pro files  two rec tangu la r box 
fram es (one of which can be seen in f igu re  2 on p late 5) were 
constructed  o f timber. Each fram e had 4 steel bearers, running 
the length of the frame, on each side. A spec if ica l ly  made piece 
o f drym ac materia l was suspended between the bearers. Drymac 
is the trade name fo r  a water res is tant m ateria l wh ich will not 
deform, shrink or stretch under cond it ions which frequently  vary 
between wet and dry. The centre line of the m ateria l was marked 
with a line of s t itches. Each m ateria l mould was large enough to 
support 2 t i les  placed with the short edges fac ing  each other in a 
head to toe arrangement, a l low ing each fram e to house 8 tiles. 
The bearers on one side o f the frame remained in a f ixed position 
while  the bearers on the o ther side of the frame could be moved 
between 6 fixed pos it ions creating 6 d iffe ren t t i le  profiles. The 6 
fixed pos it ions were labelled from Aa to E, moving from the 
w idest to narrowest spacing. F igure 1 on plate 7 il lus tra tes these 
various tile  profiles. Tab le D below lists the w idth of tile
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associa ted with each bearer spacing when the mould ing frame 
produces a f la t green tile  o f 301mm wide.

TABLE D: Modified ti le  w idths and associa ted s trength s
Date
produced

Bearer
spacing

Tile  w idth (MM) Average t i le  
s trength (kN)

Average tile  s trength 
(N/mm of t i le  w idth)

9/7 Aa 275.0 0.918 3.338
A 265.0 0.998 3.766

7/7 B 252.5 1.184 4.689
C 245.0 1.236 5.045
D 235.0 1.412 6.009
E 222.5 1.440 6.472

These two rec tangular box fram es were the second attempt at 
producing a frame to house the m ateria l mould. The f irs t  frame, 
which can be seen in f igu re  1 on plate 5 and in f igures 1 and 2 on 
plate 6, was 3 metres long. The materia l moulds were continua lly  
in the required parabo lic  pos it ion  and could not be pulled taut 
during t i le  transfer. The result was that the t i le  would constantly  
fo ld in ha lf  during tile  transfer. An example of th is  is i l lus tra ted in 
f igure 2 on plate 6. The 3 metre long frame was also too large for 
practica l purposes as the fram e took a long time to f i l l  w ith tiles 
leaving the firs t t i les  placed in the moulds to dry out before being 
covered. These two problems led to the rep lacem ent o f the f irst 
large fram e with the two sm a lle r  more ve rsa ti le  frames now in 
use.

The v ib ra t ing  table was m easured and marked at the mid points 
of the narrow edges of the t iles. The p las tic  sheets, which are 
used to cover the v ib ra t ing  table, then had V shapes cut into the 
m iddles of the narrow edges. W hen placed on the v ib ra ting table 
the V cut-outs  were a ligned with the marks on the v ib ra ting  table - 
th is ensured that the v cu t-outs  in the p las tic  co inc ided with the 
middle of the green tile. W hen the green ti le  on the plastic  sheet 
was p laced on the m ateria l mould the v cu t-outs  were a ligned with 
the row of s t itches marking the m iddle of the materia l mould. This 
ensured accurate ti le  alignment.

In order to transfe r the green ti le  from the v ib ra t ing  tab le  to the 
new m ateria l moulds a f la t  steel sheet w ith spec ia lly  placed 
handles was used. The green t i le  on the p las tic  sheet was slipped 
from the v ib ra ting table onto the steel t rans fe r sheet and moved 
to the materia l moulds. Two clamps were constructed  to f ix  to the 
sides o f the fram es housing the materia l moulds and two angle 
iron bearers were placed across between the two clamps. The 
steel shee t with the green t i le  was placed on the iron bearers and 
the t i le  was pulled from the steel transfe r sheet over on to the 
m ateria l mould. An example o f th is can be seen in f igure 1 on 
plate 6. At this po int the m ateria l mould was f lat, as the movable
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bearer was spaced 400mm from the f ixed beare r pu ll ing  taut the 
materia l o f the mould.

Once two t iles had been placed head to toe the movable bearer 
was moved c loser to the f ixed bearer e f fec t ive ly  lowering the tile 
into its parabo lic  profile . This e lim ina ted unnecessary  bending of 
the green tile  and reduced the poss ib i l i ty  of cracking to a 
minimum.

Once all fou r materia l moulds were occup ied by two t iles each, 
the t i les  were sprayed w ith water using a spray bottle s im ila r to 
the type used to d ispense soaps and w indow c leaners. This was 
done to increase hum id ity  at the ti le  surfaces to ensure that the 
tiles did not dry out, shrink and crack. The use o f the spray bottle 
was necess ita ted  by the c lose prox im ity  of the m ateria l moulds to 
one ano ther which made the use of the wet pa in tb rush  d iff icu lt.  
The- use of the spray bo tt le  would also avoid the brush marks 
which defaced the surfaces of many tiles.

The fram es housing the materia l moulds and the green t i les  in 
them were then covered w ith wet hessian c lo yh and f inal ly  by a 
p las tic  sheet. The tiles were left in the moulds fo r  24 hours before 
having the p las tic  sheet removed from underneath them and they 
were then transferred  to a curing tank where they would spend a 
fu rther 7 days. The re la tive  hum id ity  beneath the wet hessian and 
p las tic  sheet covering the m ateria l moulds and green t i les  fo r  the 
f irs t  24 hours varied between 95 and 80% over the 24-hour 
period.

TILE STRENGTH

Table D (on page 72) is a summary of de ta iled  ti le  tab les 6 and 7 
(appendix  A (xiii to xiv)), and lists the average tile  s trength in KN 
and in N/mm of t i le  width associa ted w ith each d iffe ren t tile width. 
The SABS specif ica tion  requires t iles to have an average strength 
of 4 N/mm ai,d an ind iv idua l s trength of 3.5 N/mm of t ile  width. 
Tab le B (page 65) shows that the old A g ri- t i les  had an average 
t i le  s trength  of 2.43N/mm and thus did not meet SABS 
spec if ica t ion . Table D (page72) ind ica tes  tha t as materia l was 
moved away from the neu tra l axis of the t i le  so the tile  strength 
increased. The “ 8 ” profile  was the f irs t  p ro fi le  to meet the SABS 
spec if ica t ions  fo r  both average and ind iv idua l t i le  strengths. The 
ind iv idua l ti le  s trengths can be seen in append ix  A (xiii & xiv).
As th is  profile  is the most econom ical (p rov id ing  maximum 
coverage) o f the t iles that meet the s trength  requ irem ents o f the 
SABS it is the profile  tha t w ill be adopted fo r  the modified Agri- 
T iles
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VISUAL IN S PECTION OF THE MODIFIED AGRI-TILES

As before a visual inspection of the tiles, shown in f igu re  2 on 
p la te  7, was carried out, th is revealed tha t the fo llow ing defects 
were stil l found in the modified tiles:

Rough t i les  (rth T iles had a rough surface texture which was not 
aes the tica lly  pleasing. This was in fluenced by the proport ions of 
the mortar mix.

Rough edges (re ) : T iles had rough edges due to mortar seeping 
below the moulding frame or from the green t i le  s t ick ing to the 
mould ing frame. This would result in prem ature fa ilu re  due to 
po in t loading on the uneven edges when the t iles are placed on a 
roof.

Uneven t i le  th ickness ( I) : This does not re fe r to the var ia t ion  in 
t i le  th ickness due to a warped or non-horizon ta l v ibrating table, 
as th is is d iff icu lt to see and must be m easured accurate ly. The 
uneven th ickness mentioned here is caused by a mortar mix 
which does not f low  well on the v ib ra ting  table and this causes 
lumps to form on the surface of the t i le  which are easily  vis ib le. 
These lumps will prevent the t iles overlapp ing neatly  result ing in 
a leaking roof and point loading which w ill result in fa ilu re  of the 
tiles.

The fo llow ing new defects were found in the m odif ied tiles:

Drip marks (DmT The t i les  on the upper-m ost m ateria l mould 
were sub ject to water d r ipp ing  from the wet hessian which 
covered the entire  frame. This dripp ing water damaged the top of 
the t i les  but th is defect can be avoided by w r ing ing  out the 
hessian to remove any excess water and ensuring that the 
hessian is pulled taut over the frame so that any remain ing 
excess water does not co l lec t at the lower sag points and drip 
from there.

Sta in ing (S ): The trough shape of the new tiles combined with the 
spray bott le  method of increas ing hum id ity  on the surfaces of the 
ti les  resulted in an accum ula tion  of free water wh ich caused white 
s ta in ing (calcium hydrox ide) on the ir  surfaces. This unattractive  
mark could be wiped off the cured tile.

RAIN PENETRATION TEST

A rain penetra tion test was conducted on the revised Agri-T iles. 
The test was conducted accord ing to the SABS spec if ica t ion  and 
as with the old Ag ri-T i les  no free  water was observed beneath the 
t i les  a fte r  the two-hour test period. The tiles thus meet the SABS 
specif ica tion .
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CONCLUSION

The revised method of d ispensing the correct volume of mortar 
onto the v ib ra t ing  table reduced the average tile th ickness to 
with in 0.5mm of the ideal ti le  th ickness, and reduced the average 
range of ti le  we igh t varia t ion to w ith in  the recommended ±10%. 
The ti le  s trength increased su ff ic ien tly  to meet the requ ired SABS 
specif ica tion . The modified t iles passed the SABS specif ied rain 
penetra tion test.

The new m ould ing method e lim inated the t i le  a lignment problems 
experienced w ith the old mould ing system and e lim ina ted the 
cracking problem experienced when trans fe rr ing  the green tile  to 
the mould. The new defects observed in the t iles are easily  
prevented and o ffe r no s ign if ican t problems.

The old defects which recurred in the in the modified t i les  are due 
to the poor qua lity  of the t i le  producing equipment. The t i les  often 
had a rough appearance and rough uneven edges and the 
average range of var ia t ion  in the t i le  th icknesses was only 
reduced to ±0.56mm which remains unacceptab ly  high.

Even though the rev is ions made to the Ag ri-T i le  system have 
s ign if ican tly  improved it, there remains the issue o f the labour 
skill required to produce these tiles. The tiles are bas ica lly  hand 
made and as such the qua lity  of the t i le s  is dependent on the 
qua li ty  o f the workm ansh ip  which goes in to producing the tiles. In 
Noti-Te jas May 1997 Katryn Rhyner Pozak states that “v is its  to 10 
MCR workshops in d iffe ren t parts of Honduras confirm ed the 
im pression that there are many factors  which contr ibu te  to good 
qua lity  tiles. Not all producers work to the same crite ria . W hile 
some s tr ic t ly  comply with production norms, most fa i l  in some 
po in ts” . Of the numerous small concrete t i le  producing plants that 
were p rom inent at that time and the w ide range in t i le  qua lity  
produced, Dobson (1959) states that “The well in formed men 
with whom I spoke were all of the opin ion that the only hope for 
concrete  t i les  lies in high production of f irs t  qua lity  t i les  in large 
fac to ries". H isto ry confirmed Dobson’s sentim ents and the small 
t i le  producers went out of business and were rep laced with large 
mechan ised fac to r ies  producing large quantit ies  of good quality 
tiles.
There is no reason to believe that the experience in Honduras will 
not be repeated in South Africa, which means that while it is 
poss ib le  to produce good qual i ty MRC t i les the d iverse  range of 
people using techno logy such as the Agri-T i le  system would 
prec lude any kind of qua lity  guarantee.
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The A gr i- Ti l e  evaluat ion

Modif i cat ion o f  
the Agr i-Ti le  
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Mortar and ti le  
production

Determinat ion o f  the 
optimum t i le  prof i le

The Agri-Ti l e  
machine and 
accessories

Standards on which  to base the evaluat ion

SABS 542 
-Ti le  dimens ions  
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-Rain penetration

Standards for 
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SABS 062  
-F ix ing o f  
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plain t i les

The Agrement  board o f  
South Africa  
-No standards

-Ti le  defects  
-product ion problems

Tiles  fail  to meet SABS  
strength requirements  
and are not suitable for 
commercial  production

The need for an evaluat ion o f  the Agri-Ti le  sys tem to assess  i t ’s 
suitabi l ity for South Africa  and an attempt to so lve  the problems  
already encountered with this system.

A reduct ion in t i le defects  and 
product ion problems. Tiles  that 
meet  SABS strength speci f ica t ions  
wo uld  be suitable for commercial  
production i f  they were produced in 
a control led environment.  
Indicat ions  are that Agri-Ti les  are 
not suitable for site production due 
to the lack o f  control.
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Up to th is  point the equ ipm ent and process used to produce the 
Agri-T i les  has been under scrutiny, as has the workm ansh ip  that 
goes into producing the tiles. W hile  the qua lity  of the ti le  is 
la rge ly  dependent  on these factors it is a lso determined to a large 
extent by the qua lity  of the m ateria ls  used to produce the tiles 
which are cement, water and a f ine  aggregate. All t iles 
considered in chapter 6 are produced using the improved 
pa iabo lic  profiled Agri-T iles.

8.1.CEMENT

The word cement can refer to any m ateria l wh ich bonds separate 
m ateria ls  together. W hile there are a w ide var ie ty  of cements 
used in the construction industry  Port land cement is one o f the 
best known and most w ide ly  used forms. Port land is not a trade 
or brand name, it refers to a part icu la r  type of constructiona l 
cement that is m anufactured in a spec if ic  way from specif ic  
materia l.

Portland cements are c lass if ied  as hydrau lic  cements because 
they harden when exposed to water and th is hardening process 
invo lves a chemical reaction between the cement and water 
re ferred to as hydration.

Portland cement is produced using limestone and shale that are 
f ired  at a high tem pera ture  to form a cement clinker. Gypsum is 
then added to the cooled c linker and they are ground together to 
form a f ine  cement powder.

The reasons Portland cement was chosen fo r  th is research are 
because it is used in the construc tion  industry, there is a wealth 
of in form ation ava ilab le  on it and the fac t that it is w idely 
ava ilab le  and re la tive ly  cheap.

There are a number of types of Port land cement on the market 
and each type of cement has d if fe ren t charac te r is t ics  and uses.
The main types of cement are:

ORDINARY PORTLAND CEMENT (O P C )
This  is a general a ll-purpose cement recom mended for the vast 
m a jor ity  o f concretes and mortars. In South A fr ica  between 85 
and 90% of all concrete used is O PC.13

RAPID HARDENING PORTLAND CEMENT (RHC)
RHC is genera lly  made from the same c l inke r  as OPC, it is
however ground more f ine ly  than the OPC powder. The f iner
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powder reacts more qu ick ly  with w a te r and gains strength faste r 
than OPC. For s im ila r mixes concrete produced using RHC will at 
the age o f 6 months be s tronger than concrete  produced using 
OPC.

SULPHATE RESISTING CEMENT (SRC)
This is a portiand cement that has a h igher res is tance than OPC 
to attack by su lphates in moderate to higi"' concentra tions.

PORTLAND BLASTFURNACE CEMENT (PBFC)
PBFC is a mixture of g ranu la ted  b last furnace s lag and OPC.

PORTLAND CEMENT 15 SL (PC 15 SL)
This is a m ixture of OPC and slag. The content of slag may vary 
between 5 and 15%. Due to the low content o f slag PC 15 SL 
behaves in a s im ila r  manner to OPC and as such they can be 
used fo r  s im ila r app lications.

PORTLAND CEMENT 15 FA (PC 15 FA)
5 to 15% f ly  ash is added to OPC to produce th is cement. Once 
again the low percentage of f ly  ash in PC 15 SL means that it 
behaves in a s im ilar manner to OPC and as such they are 
su itab le  fo r  s im ilar app lications.

RAPID HARDENING PORTLAND CEMENT 15 SL 
This is a rap id hardening version of  PC 15 SL.

Graph A: (Addis B 1995 Cement concrete  and m ortar Portland 
Cement Institu te Midrand)

Effect of cement type on the strength of mortar
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Graph A. shows the com press ive s trength  as a percentage of 
s trength  at 28 days for 3 types of cem ent that all u til ise the same 
water to cement ratio. Analys is  of the graph shows tha t RHC has 
a 20% greater s trength than OPC at 7 days and at 28 days RHC 
has a tta ined  the greatest s trength of all the concretes.
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Accord ing to the manufacturing process of the Agri-T iles, 
evaluated in chapter 5, the tiles are removed from the moulds 
a fter 24 hours. They are then placed in a curing tank where they 
are left to cure fo r  a fu rthe r 7 days. The eva lua tion  revealed that 
the t i les  are weak and suscep tib le  to damage during this early 
stage. As can be seen in graph.A. the use of RHC will provide the 
t i les  w ith the extra strength needed to surv ive th is early  transfer 
stage.

The rapid strength gaining propert ies of RHC make it the most 
su itab le  form of port land cement fo r  the production  o f Agri-T iles. 
It is in teresting to note that commercia l t i le  p roducers  such as 
W atson Tile and Marley roofing also use RHC to ach ieve greater 
s trength qu ick ly  in the ir tiles.

6.2. WATER

Accord ing to Fu lton ’s Concrete T echno logy13, many authorit ies 
have examined the effects of various substances in the mixing 
water used to produce concrete. W hile the views expressed have 
been conflic ting, the d iscrepancies are most l ike ly  due to the 
large varie ty  o f methods used to test and cure specimens of 
concrete.

The effects  of harmful substances in the water and aggregate are 
cum ula tive  and so depend on one another. An aggregate that 
m ight be safe to use in conjunction with pure v/ater may be 
undesirab le  if used with contam inated m ix ing water.

In chap ter 3 o f th is thesis Hydraform 's  in ten tions w ith the Agri- 
T ile concept were d iscussed and in order fo r  th is concept to be a 
com mercia l success it was stated that the production  of t i les must 
u ti l ise  sand from the bu ild ing  site or surround ing  areas. The 
po ten tia l ly  wide varie ty  of sands that w ill be ava ilab le  for use 
makes it very d i f f icu lt  to establish a set o f m inimum requirements 
fo r  the mixing water that w ill be used to produce Agri- t i les .

In 1924 Duff Ab ram s13 undertook com prehens ive  tests to 
determ ine the e ffect of harmful substances in the m ixing water on 
the s trength  of concrete. S ix ty-e ight samples of water were 
tested. The range of samples included sea water, a lka line mine, 
m ineral and bog waters and h ighly po llu ted industria l and sewage 
waste waters. The results of these tests were that in spite of the 
orig in and type of the water used most of the sam ples gave good 
results when used as m ixing water fo r  concrete. None of the 
samples tested produced unsound concrete  and there were only a 
few exceptions that caused a delay in the setting of the concrete.
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Abrams concluded that ne ither co lour nor odours were ind icators 
to the qua li ty  of the water requ ired  for concrete production.

G.W Bond (1946) conducted a survey of the underground water 
supp lies in South Africa and concluded that, w ith a few possib le 
excep tions in the W estern Cape and South W est A frica, the 
major i ty o f  brackish water supp lies  can be used w ith confidence 
when making concre te .13

it can be seen that a wide var ie ty  of water is su itab le  for the 
production  of concrete and it may be assumed that wa ter which is 
su itab le  fo r  dr inking can genera lly  be used fo r  producing 
concrete. Exceptions to th is inc lude water that is contam inated 
w ith sugar and water that has a high sodium or potassium 
content. 13

If the on ly  water ava ilab le  is from an untested source the British 
S tandard BS 3148:1980 Tests for wa ter for making concrete 
recommends that the wa te r source is tested in the fo llow ing  ways:

1. The in it ia l setting time of a concrete  test specimen made with 
the unknown water must not d iffe r from that of a test specimen 
made with d is t i l led  water by more than 30 minutes.

2. The average 28-day s trength  of concrete  test cubes made with 
the unknown water must not be less than 90% of the strength 
of the test specimens produced using d is ti l led  water,

BS 3148 also points out that the data ava ilab le  regard ing the 
effect o f d issolved solids on the strength and durab il i ty  of 
concrete  is insuff ic ient fo r  a com prehensive system of numerica l 
contro ls.

The South African Bureau of S tandard ’s SABS 0100 Part 2 1980 
suggests that when the qua li ty  o f water is in doubt “ it may be 
considered su itab le for use if the average 28 day strength of 
three mortar cubes made w ith the suspect water is a least 90% of 
that of three mortar cubes made with water of known pu r ity .”

The in form ation supplied by Abrams and Bond suggests that 
almost all water should be su itab le  for t i le  production. If water 
from a part icu la r source is f i t  fo r  dr inking purposes it should be f it  
fo r  t i le  production. However where the qua li ty  of water is 
questionab le  the test suggested by SABS 0100 invo lv ing the 
com parative  strengths o f two sets of three m ortar cubes is 
simple, cheap and w ith in  the scope of most of the potentia l users 
of the Agri-T i le  machine.



81

8.3 AGGREGATE

A gri-T i les  are produced using sand as the only aggregate. Fine 
aggregate sand can be defined as a non-cohes ive  granu lar 
m ateria l consisting of part ic les of sizes m ain ly between 4.75mm 
and 0.75mm. Silt refers to part ic les ranging between 0.75mm and
0.02mm while part ic les sm a lle r  than 0.02mm are clays.  The 
w eathering  of rocks produces silt, sand and clay.

The cr ite r ia  to be considered when se lec ting  sand for the 
production of any form of concrete  are the shape, surface texture 
and grad ing  of the partic les. The shape and surface tex tu re  of the 
part ic les have a s ign if ican t e ffect on the w a te r requ irem ent of the 
mix wh ich  in turn impacts on the strength of the concrete. The 
use of sands that have good character is t ics , in other words 
spherica l or cubical shapes, a smooth tex tu re  and an acceptab le 
grad ing profile  will con tr ibu te  s ign if ican tly  to the production of 
high qua li ty  concrete. This concrete w ill be character ised by low 
shrink and creep character is t ics , a low w a te r requ irem ent and a 
high strength.

No mat ter  how advantageous  the benefits  o f using a h igh ly  
su itab le  sand are, one of the main requ irem ents of the Agri-T ile  
concept is that the sand used must come from the build ing site 
itse lf  or at the very least from the v ic in ity  of the build ing site. If 
th is requ irem ent is not met the add it iona l cost o f transporting  
sand to the construction s ite  w ill o ff-set any econom ic advantage 
achieved by using the Agri-T iles.

6 .3 .1 .H A R M F U L  S U B S T A N C E S  IN THE A G G R E G A T E

Many natura l aggregates conta in  substances that are harmful to
concrete. There are 4 groups into which harm fu l substances can
be c lass if ied :

1. Substances so lub le  in water, which may be leached out of the 
aggregate, which w ill reduce the s trength  of the concrete or 
prom ote efflo rescence. An example of such a substance is 
common salt.

2. Substances that are so lub le  or may become solub le  in the 
cem ent matrix which w ill in te rfe re  with the hydra t ion  process of 
cement, Humic acid is an example of such a substance.

3. Sodium sulphate or s im ilar substances which react with the 
cem ent and destroy it 's propert ies.

4. Due to the high a lka lin ity  of the cement substances such as 
opal, which react w ith the a lka line  constituen ts  of the cement, 
are harmful.
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Also while the aggregate itse lf  may be inert it may be coated or 
encrusted w ith harmful substances. M ie lenz 13 c la im ed that natural 
coatings are composed of the fo llow ing: silt, clay, gypsum, impure 
carbonates o f lime, and magnesia, opa line  sil ica, magnesium 
oxides, iron oxides, and m ixtures of these m ateria ls .

Test for the organ ic  content of sand
The test recommended fo r  the organ ic  content o f sand uses a 
350ml transparent bottle ca lib ra ted  at the 125 and 200ml levels. 
The bottle is f i l led to the 125ml mark w ith a sample of the sand to 
be tested. A so lution of 3 parts sodium hydrox ide  to 100 parts 
wa ter is then added until, a fte r shaking the bottle, the sand and 
l iqu id  stands at the 200ml mark. The bott le  is closed, shaken and 
le ft to stand for 24 hours. If the co lour o f the so lu tion  is not 
darker than that o f the light s traw standard so lu tion  the sand is 
acceptab le.

The standard solution referred to above is obta ined by adding 2.5 
ml o f a 2% tann ic  acid in 10% a lcohol to 97.5ml of the 3% sodium 
hydrox ide solution. The s tandard mix is shaken and left to stand 
fo r  23 hours at which point it is shaken again and left to stand for 
a fu rthe r hour. The co lour of the s tandard so lu tion is then used to 
deturm ine the su itab il i ty  o f the test sand.

Th is  test has problems in that sugar and urine cannot be detected 
and certa in  o rgan ic  substances in the sand which have litt le  or no 
effec t on the strength or durab il i ty  of concrete  produce darker 
co lours than l he standard solution.

Test for the fines content of sand
A 250 ml bo tt le  with g raduations should be f i l led  w ith the sand to 
be tested up to the 100 ml mark. W ater is then added until the 
combined volume of the sand and water is 150 ml. The bottle is 
shaken v igorous ly  and left to stand for an hour. A fte r  an hour the 
layer of f ine  materia l that is observed on top of the sand should 
be roughly 2.25% or less of the volume (depth) o f the sand 
column in order for the sand to be considered su itab le  for the 
production  o f concrete.

App lica t ion  of tests to the Aari-T i le  process
These 2 tests are simple and can be carr ied  out at the build ing 
s ite by s ta ff  with only a l itt le  tra in ing. However any more 
com plica ted  tests would be beyond the scope of the average user 
of the Agri - t i le  machine.



6 .3 .2 .W A T E R  R E Q U IR E M E N T

The water requirement of concrete  is the vo lume of water
required per cubic metre of mix to ach ieve the desired
consis tency. The water to cem ent ratio o f the mix is in fluenced by 
the  water requ irement o f the sand. This has an effect on the 
strength , im perm eab ili ty  and durab il i ty  o f the hardened concrete
as these character is t ics  are, to a large extent, determ ined by the
w ate r to cement ratio of the mortar mix.

Each site sand used to produce Agri-T i les  will have a d iffe rent 
wa ter requ irement and as such there is no way of defin ing a 
spec if ic  water to cement ratio fo r  the mortar mix used to produce 
the tiles. The water to cement ratio w ill be determ ined by the 
w a te r requ irement of the sand used.

6.3 .3.  GRADING OF THE A G G R E G A T E

Sands have a great effect on the water demand of concrete. 
Tests carried out on a large number o f South A fr ican sands 15 
ind ica te  that the void content ranged between 28 to 44%, the 
average being 36%. This affects the water demand of the 
concrete  s ign if ican tly . The 16% d iffe rence in void content 
between these sands trans la tes  to a d iffe rence  in water demand 
of 70 li tres per cub ic  meter o f concre te13. Vo ids between the 
aggregate  partic les must be f i l led  w ith cement paste, which 
increases the cost o f the concrete. If the part ic les  are rounded 
and well graded it is possib le  to pack them c lose ly  and reduce 
voids and this reduction in voids results in a s tronger concrete. 
The sand grading also has a s ign if ican t impact on the behaviour 
o f the fresh concrete as well graded aggregates make concrete 
easy to p lace and compact 13.

The grading of the aggregate refers to the d is tr ibu tion  of partic les 
o f various sizes. It is determ ined by passing a sample of sand 
through a series of s tandard sieves. Accord ing  to SABS 1083 the 
s tandard sieve sizes for the grading of f ine  aggregates are: 4.75, 
2.36, 1.18, 0.6, 0.3, 0.15 and 0.075mm.

Each part ic le  size makes a contr ibu tion  to the propert ies  of the 
mix. Sand part ic les la rger than SOOjum have less effect on the 
charac te r is t ics  of the mix than the f ine r frac t ions. The ir  presence 
increases the body and determ ines the degree of coarseness of 
the sand.
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The part ic les  that are below 300pm in size play a major role in 
de term in ing  the cohesiveness and w o rkab il i ty  o f the mix. Sands 
de f ic ien t in these part ic les tend to produce harsh concrete  which 
is prone to segregation. Sands with an excess of these part ic les 
w ill be character ised by a fresh mix that is s ticky which can result 
in handling d iff icu lt ies. These f ine part ic les  can in some 
instances be responsib le  for the entrapm ent of excessive 
quan tit ies  of air and can thus be responsib le  fo r  a reduction in 
the s trength  of the concrete.

An excess of part ic les sm a lle r than 75pm, may con tr ibu te  to an 
increased water demand fo r  the concrete  which will resu lt in an 
increase in the amount of sh r inkage that takes p lace in the 
hardened concrete. Shrinkage can resu lt in f ine  cracks that will 
reduce the strength of the concrete. Part ic les sm alle r than 75pm 
help to contro l the amount of b leed ing that takes place in fresh 
concrete  and hence reduce the harmful effects that th is can have 
on the strength, durab il i ty  and bond of the concrete.

Tab le  E . (an extract from Addis  B 1986) shows the grading 
enve lope fo r  sand suggested by SABS 1083 and the outer grading 
lim its suggested fo r  high qua lity  concrete

Sieve size Percentage passing
SABS 1083 Suggested 

outer limits
Preferred
limits

4750pm 90-100 85-100 90-100
2360pm - 60-100 75-100
1180pm 40-100 60-90

600pm 30-75 40-60
300pm - 15-45 20-40
150pm 0-15 5-20 1 0 - 2 0

75pm 0-5 0 - 1 2 3-6

The e ffect of the grading o f the aggregate is not constant on the 
behav iour of the concrete as th is behav iour is a lso dependent on 
the cem ent content and the w o rkab il i ty  of the cement. The 
grad ing ana lys is does however provide a method of p red ic t ing  the 
behav iour of the sand when it is used in concre te 13 and in 
labora to ry  investiga t ions it has been found that aggregates with a 
large defic iency or excess o f any size part ic le  are genera lly  
undes irab le7. Despite extensive investiga t ions carried out over 
many years it has been im possib le  to determ ine, from basic 
princ ipa ls , an optimum aggregate grading that w ill ensure 
su itab il i ty  fo r  any part icu la r case13. However, accord ing to the 
Portland Cement Institu te  pub lica tion  Cement and Concrete, if the 
grading profile of a sand fa lls  between the lim its shown in 
graph.C (page 87) the sand is usua lly su itab le  fo r  use in 
concrete.
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Graph B: Grading lim its for sand (supp lied  by the Portland 
Cement Institu te)
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However the grad ing profile  range into which the Port land Cement  
Institu te  suggests a f ine aggregates grading pro file  should fall 
(shown in graph.B) fo r  it to be su itab le  fo r  the production of 
concrete  does not necessarily  app ly to the aggregate used to 
produce micro concrete t i les  such as Agri-T iles. From the case 
studies conducted in chap ter 3 (and table F below) it can be seen 
tha t the sand grading profile  range recom mended by SKAT and 
used by Groupo Sofonias not on ly d iffe rs  from the 
recom m endation of the Port land Cement Institu te, but varies 
accord ing to the th ickness of t i le  produced.

Table F: The sand grading pro files  recom mended by SKAT for 
various ti le  th icknesses
Product th ickness 6 mm 8 mm 1 0 mm
Maximum part ic le  
size

4mm 5.5mm 7mm

Component above 
2 mm

25-45% 30-50% 35-55%

Com ponent between 
0.5 and 1 .5mm

20-50% 10-55% 10-50%

Component below 
0.5mm

15-45% 15-40% 15-40%

in a s tudy conducted by Charles Dobson17 sam ples of early 
concrete t iles of various ages, which were produced in a s im ilar 
manner to the A g ri-T i le  were  ana lysed. By modern standards the
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t i les  used in the study would be regarded as in ferior. The 
aggregate used varied “from coarse pebbly sands to sands of 
rather uniform, f ine  grading which would not be regarded today as 
making fo r  e ff ic ien t econom ical production or a good qua lity  tile." 
The mortar mix used to produce the t i les  varied from wet to st if f  
and dry and the e ff ic iency  of mixing was not a lways good, which 
resulted in inadequate conso lida t ion  of the mix.

Dobson reached the conclus ion  that “The general good behaviour 
o f the t i les  co llected was not due to the excep tiona l care in 
m anufacture or techn ica lly  high qua li ty .”

This study indicates that concrete  t i les  produced using simple 
techno logy such as that used to produce A g ri-T i les  can in fact 
also be produced using a w ide range of sands w ith a diverse 
range of grading profiles. The water content of the mortar mix can 
also vary w ithout adverse ly  a ffecting  the qua lity  o f the tiles.

There is a d iscrepancy in the in form ation ava ilab le  on the 
su itab il i ty  of sands w ith d i f fe ren t grading pro files  which can be 
used to produce concrete, micro concrete t i le s  and micro 
concrete t iles of various th icknesses. The SABS and Portland 
Cement Institu te recommend that the sand used to produce 
concrete should fa ll w ith in  a fa ir ly  lim ited grad ing enve lope before 
it is deemed suitab le. The case studies of various micro concrete 
t i le  m anufacturers  recommend a w ider grading enve lope fo r  sand 
which is used to produce micro concrete tiles, which in the case 
of SKAT varies accord ing to the th ickness of the t iles produced. 
On the other hand Dobson concludes that a w ide va r ie ty  of sands 
with a vast range of grad ing profiles produce t i les  that give 
acceptab le performance. This combined w ith Hydraform 's 
in tention o f using a varie ty  o f s ite sands to produce Agri-T iles 
necessita ted a study to estab lish  how sens it ive  Agri-T iles  are to a 
change in the grading pro file  of the sand used to produce them.

6 .3 ,4 .D E TE R M IN IN G  THE G R A D IN G  E N V E L O P E  OF 
S AND USED TO P R O D U C E  A G R I-T IL E S

In order to establish a grading enve lope tha t w ill enclose all 
sands w ith grading pro files  that are su itab le  fo r  the production of 
Ag ri- t i les  it was decided tha t a sand which had a lready been 
proven acceptab le fo r  the production of t i les shou ld  be used as a 
test case. The sand selected for the tests was river sand. This 
sand was used in the eva lua tion  carried out in chap ter 5 of this 
thesis where t i les  that met the SABS strength requ irem ents were 
produced. River sand is also the sand recommended by 
Hydraform for the production  of Agri-T iles  and W ilton W ratten 
used it in his 1996 d iscourse. W ratten showed that the t iles 
produced using r iver sand were of an accep tab le  standard and
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that the grad ing profile  of r iver sand met the requ irements of the 
Portland Cement Institu te fo r  sands that are su itab le  for the 
production of concrete.

The r iver sand ’s natural grading pro file  was estab lished according 
to the method in SABS 1033. The sieve ana lys is  of r iver sand can 
be seen in graph.C

Graph.C: The natura l grading profile  of r iver sand

The grading profile of river sand
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The natura l grading profile  of the river sand was then 
sys tem atica lly  a ltered in an attempt to es tab lish  a grading 
enve lope wh ich encloses all sands su itab le  fo r  the production of 
Agri-T iles. Ind iv idua lly  each sand part ic le  size was removed from 
the natural r iver sand and then the percen tage of the removed 
part ic le  size " 'as  increased gradually  in stages. Agri-T iles  were 
produced at each stage and the ir  s trength was then tested in 
accordance w ith the requ irem ents of SABS 542.

O ther than the res to ra t ion  of that part icu la r part ic le  size and the 
w a te r content (as d iscussed later), all o ther var iab les such as the 
o ther part ic le  s izes in the natural grading profile, the cement 
content of the mix and the mixing and m anufacturing processes 
used to produce the Agri-T iles  were held so that any varia t ion in 
the strength of the t iles could be a ttr ibu ted  to the changes in the 
grad ing com pos ition  o f the sand and the water content.

The change in the com position of the natural grading of the river 
sand also changed some of ths charac te r is t ics  of the sand such 
as its w o rkab il i ty  and cohesiveness. This in turn had an impact of 
the production  o f the Agri-T iles as some o f the m odif ied grading 
pro files  of the r iver sand proved excep tiona lly  d iff icu lt  to work
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with. As d iscussed in chap ter 5 Hydraform requ ires the mortar 
mix used to produce the A g ri-T i les  to be as s imple and as cheap 
as possib le, which precludes the use of adm ixtures to improve the 
w o rkab il i ty  of the mix.

Thus the only method ava ilab le  to improve the characte r is t ics  of 
these mixes was to increase the amount of w a te r used when 
producing the mortar. This in turn changed the cement to water 
ratio o f the mix which had an impact on the s trength  of the 
concrete. However in order to produce t iles using river sand with 
an a ltered grading profile  which is de tr im enta l to the w orkab il ity  
of the mix, it was necessary to change the water content of the 
mix to improve its w orkab il ity .  A change in the s trength  o f the tile 
made from such a mix could be a ttr ibuted to the change in the 
grading profile  of the r iver sand, the increase in wa ter used to 
produce a workab le mix or to a com bination  o f the two. The 
increase in the water added to the mix was however necessita ted 
by the grading of the sand. As such any change in the strength of 
the t i les  produced, whether due to the a ltered grad ing o f the sand 
or to the increase in wa ter content of the mix or both can be 
a ttr ibu ted  d irectly  to, and when producing Agri-T i les  always will 
be associa ted with, that pa rt icu la r  grading pro file  of the sand.

6.3.4.1 .Changing the grading profile

The percentage that each part ic le  size, ranging from 4750 to 
150pm, contr ibu tes to the tota l natural volume of the sand w i . . 
a ltered to establish the lim its of the grading enve lope for sand 
which is su itab le  fo r  the production of Agri-T iles . Part ic les which 
were 75pm and sm a lle r (s ilt  and clay) composed only 0.8% of the 
tota l percentage of r iver sand. The test method which was used to 
estab lish  the amount of s il t  and clay in the sand is discussed 
under section 6.3.1 Harmful Substances in the Aggregate  as are 
the maximum allowable  percentages of these part ic le  sizes.



Table.G: A summary of the grading changes made to the profile 
of r iver sand
Relative
graph

Partic le
size

Percentage of the vo lume of r iver sand 
occup ied  by the part ic le  size

6 D (pg 90) 4750 pm 0 f 1 0 15
6 E (pg 91) 2360 pm 0 9 # 29 45
6 F (pg 93) 1180 pm 8 18 me 48 6 8

6 G (pg 94) 600 pm 6 16 me 46 6 6

6 H (pg 96) 300 pm 0 13 23 43 63
61 (p g 9 7 ) 150 pm 0 i 17 37 57

[H igh ligh ted  percen tages rep resen t the natura l grad ing o f r iver

Re la tive  average tile s trengths fo r  each change to the sand ’s 
percen tage content o f part ic le  size are shown in the tile average 
tab les (appendix  A iv to vii). The average tile  s trength  of the “ B" 
p ro file  t iles produced on 7/7 (1.184 kN) was used to plot the 
va lues of the percentages h igh ligh ted  in graph C above as these 
t i les  were produced using natura l r iver sand with an unchanged 
profile .

Particles retained by the 4750urn sieve

Natural percentage of r iver sand : Part ic les re ta ined by the 
4750pm sieve constitu te  5% of the volume of natura l r iver sand.

Changes to the natural grad ing  o f r iver sa n d : This part ic le  size 
was com ple te ly  removed from the sand and then re-in troduced in 
stages of 5%. The sand was used w ith th is part ic le  size 
com pris ing 0, 5, 10, and 15% of its volume (see tab le  G above).

S trength tests on t i le s :

Graph.D on page 90 shows strengths of t i les  produced with r iver 
sand conta in ing the spec if ied  percentages of part ic les  4750pm or 
g rea te r in size.
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GRAPH D: Tile strengths relative to concentrations of 4750um 
particles in river sand
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Examining graph.D reveals that an increase in th is part ic le  size 
leads to a reduction in the strength of the tiles. The loss of 
strength is re la tive ly  low until 5% of the sand consis ts  o f 4750pm 
partic les. The m ajority  o f the 11.5% loss o f  t i le  s trength takes 
place when the percentage of 4750pm part ic les  is increased to 
between 5 and 10%, after which the s trength  loss becomes more 
gradual. W hen the r iver sand ’s volume is composed of 15% 
4750pm part ic les the strength of the t i les  is still in excess of the 
minimum strength recom mended by the SABS.

Impact on the characte r is t ics  of the m orta r :

The increase in the percentage of sand part ic les of 4750pm and 
larger present in the volume of r ive r sand used leads to the 
fo llow ing  changes in the characte r is t ics  of the mortar:
» An increase in the coarseness 
® A loss o f cohesiveness
• W hen levell ing the mortar mix on the v ib ra t ing  table with a 

trowel the large part ic le  caused scores on the surface o f the 
fresh tile, wh ich then gradua lly  f i l led  up as the mix was 
v ibrated.

Conclusions:
While r iver sand with an excess of 15% of its volume composed 
of part ic les which are 4750pm or la rger can produce t iles of an 
accep tab le  strength,  these  part ic les reduce the w orkab il ity  and 
strength of the t i le  and should be removed from the sand if 
possible.
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Particles retained by the 2360um sieve

Natural percentage of r iver sand : Part ic les reta ined by the 
2360|im  s ieve constitu te  19% of the volume of natura l r iver sand.

Changes to the natura l grading of r iver sand : This part ic le  size 
was com ple te ly  removed from the sand and then re-in troduced to 
constitu te  the fo llow ing volume percentages: 0, 9, 19, 29 and 
45%. (see table G page 89)

Strength tests on t i le s :

Graph.E. Strengths of t i les  produced with r iver sand contain ing 
the specif ied percentages of part ic les reta ined by the 2360pm 
sieve

GRAPH E: Tile strengths relative to concentrations of 2360um 
particles in river sand

Tile strength vs 2.36mm  
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From Graph.E it can be seen that when the percentage of 
2360pm partic les in the r iver sand ranges between 0 and 45 
percent of the volume ti les  can be produced which meet the 
minimum strength requ irem ent of the SABS. The add it ion of this 
part ic le  size increases the strength of the t i les  until the optimum 
strength is reached when the 2360pm part ic les  make up 9% of 
the sand volume. There is a 21.8% reduction in the strength of 
the t iles, which takes place when the sand is composed of 
between 9 and 29% of 2360pm partic les. A surpr is ing  increase in 
the s trength  of the t i les  takes place when the com position of the 
sand is made up of between 29 and 45% of part ic les  reta ined on 
the 2360pm sieve.
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The increase in the strength of the t iles that takes place with the 
add it ion o f between 0 and 9% of 2360^m  part ic les  can be 
a ttr ibu ted  to the optim isa tion of the grading profile  of the sand. 
Once th is optimum pro f ile  has been reached the fu r the r  addition 
o f 2360|um part ic les degenerates the grading profile  result ing in 
the loss o f strength experienced by the t i les  when the 2360gm 
part ic les com prise between 9 and 29% of the volume of the sand.

The increase in t ile  s trength that takes place when the 2360^m 
part ic les make up between 29 and 45% of the vo lume of the sand 
can be poss ib ly  be attr ibuted to the loss of cohesion experienced 
by the fresh mix. This enabled the mortar to f low  more easily  on 
the v ib ra t ing  table and thus improved the qua li ty  of the 
workm ansh ip  and thus the qua lity  of the tile. Ano ther poss ib il ity  
fo r  th is surpris ing increase in strength could be the reduction in 
the amount of water requ ired to produce m ortar that f lows well. 
The reduction in the amount of water used to produce the mortar 
increases the cement to w a te r ratio of the mix, which in turn 
increases the strength of the concrete.

Impact on the charac te r is t ics  o f the m orta r :

The add it ion of sand part ic les  re ta ined by the 2360|xm sieve had 
the fo llow ing  impact on the charac te r is t ics  of the fresh mortar:
» The coarseness of the mix increased
« In it ia l ly  an increase in the cohesiveness o f the mix was 

observed. However when the percentage of these partic les 
exceeded 19% of the vo lume of the sand there was a loss of 
cohesiveness of the mix.

• A s ligh t reduction in the water requ irem ent of the mix was 
observed.

• The w o rkab il i ty  of the mix improved as the cohes ive ty  of the 
mix decreased

Particles retained by the 1180nm sieve

Natural percentage o f r iver sand : Part ic les reta ined by the 
1180pm sieve constitu te  28% of the vo lume of natura l r iver sand.

Changes to the natural grading of r ive r sand : This part ic le  size is 
the most p ro li f ic  size that occurs na tu ra l ly  in r iver sand. The 
m ajority  of these part ic les  were removed until those remaining 
constitu ted 8 % of the vo lume of the river sand. This part ic le  size 
was then re-in troduced in the fo llow ing  stages: 18, 28, 48, and 
6 8 %. (see tab le  G page 89)
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Strength tests on t i le s :

Graph F: Tile strengths relative to concentrations of 1180um 
particles in river sand
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The parabo lic  shape of graph.F shows that the in it ia l add ition of 
USO jim  part ic les improved the grading pro file  of the sand, and 
thus improved the density  and com patib il i ty  o f the mortar. This 
improved the strength of the t iles. When the sand volume consists 
of 18% 1180|j.m part ic les the sand grading p ro f ile  is optimum and 
the fu rthe r add ition of these part ic les  decreases the strength of 
the tiles. The content of 11 SOjum part ic les  in the sand tested 
varied from 8  to 6 8 % of the sand volume and, wh ile  percentages 
above 18% reduced the s trength  of the t iles, all o f the t iles had 
f lexura l s trengths in excess of the minimum strength  required by 
the SABS.

Impact on the characte r is t ics  of the m orta r :
The in it ia l de fic iency of the 1180jum part ic les  resu lted in:
• A cohesive mix which res is ted f low ing on the v ib ra ting table 

and was d if f icu lt  to work with

The increases (from 8  to 48%) in the content of 1180|im part ic les 
in the sand resulted in:
® The mortar becoming less cohesive and more workab le 
<■ More a ir bubbles were seen escaping on the surface of the 

green tile  as it was v ibrated

a— a
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W hen the volume of the river sand consis ted of 6 8 % 1180gm 
part ic les the mortar became:
• Rough
• Even less cohesive
» Less workab le  and less inc lined to f low  on the v ib ra ting  table
• Less dense, so entrapped a ir could be seen escaping in the 

form o f even more a ir  bubbles

Particles retained by the 600um sieve

Natural percentage of r iver sand : Partic les re ta ined by the SOOgm 
sieve constitu te  26% of the volume of natural r ive r sand.

Changes to the natura l grading  of r iver sand : This part ic le  size 
was removed from the sand until the volume o f the sand included 
6 % of 600|Lim partic les. The part ic les were then re-in troduced in 
the fo llow ing  stages: 16, 26, 46, and 6 6 %. (see tab le  G page 89)

Strength tests on t i le s :

Graph.G. Strengths of t i les  produced with r ive r  sand conta in ing 
the spec if ied  percentages of part ic les re ta ined by the 600|im 
sieve

GRAPH G: Ti?e strengths relative to concentrations of SOQum 
particles in river sand
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From graph.G  it can be seen that the t i les  ach ieved the h ighest 
recorded strength when only 6 % of the vo lum e of the sand was 
composed of SOOgm partic les. Any fu rther add it ion  of th is  partic le
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size resu lted in a decrease in the strength of the tiles. This loss 
o f s trength can be a ttr ibu ted  to an increase in the water 
requ irem ent of the mortar, the increase in the amount of air that 
was trapped in the ti le  and the decrease in the w o rkab il i ty  o f the 
mortar. The increase in the strength o f the t iles that occurred 
when the volume o f the r iver sand was made up of between 46 
and 6 6 % of the part ic les  reta ined by the 600pm sieve could not 
be explained.

Impact on the characte r is t ics  of the m orta r:

The in it ia l defic iency in the 600pm part ic le  size resulted in:
• A decrease in the water requ irem ent of the m ortar
• A high level of w orkab il i ty
» A mortar which f lowed well on the v ib ra ting  table

Increases in the percentages o f 600pm part ic les  in the sand had 
the fo llow ing  effects on the mortar:
e A proport ionate  increase of 10% in the water requ irement of 

the mortar
• A decrease in the ab il i ty  of the mortar to f low  on the v ibrating 

table, although the ab il i ty  o f the mortar to f low  remained 
acceptab le

» A decrease in the amount of a ir  bubbles escaping during 
v ib ra tion

« A s ligh t decrease in the workab il i ty  o f the mortar a lthough this 
remained at an accep tab le  level

Particles retained by the 300um sieve

Natural percentage o f r iver sand : Partic les re ta ined by the 300pm 
sieve constitu te  13% of the volume of natura l r ive r sand.

Changes to the natural grading of r iver sand : This part ic le  size 
was removed from the sand and then re -in troduced in the 
fo llow ing  stages: 0 , 13, 23, 43 and 63%. (see tab le  G page 89)

Strength tests on t i le s :

Graph.H. Strengths of t i les  produced with r iver sand conta in ing 
the spec if ied  percentages of part ic les re ta ined by the 300pm 
sieve
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GRAPH H: Tile strengths relative to concentrations of 300um 
particles in river sand
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The absence of 300pm part ic les  in the sand resulted in t iles that 
met the SABS minimum strength requ irem ent by a s lender 
margin. Graph.H shows tha t the in it ia l increase to 13% 300pm 
part ic les produced a s ign if ican t increase in the strength of the 
t iles due to the op tim isa tion  of the grading pro file  of the r iver 
sand. The fu rther increase in the percentage of 300pm part ic les 
moved the grading p ro f ile  from the optimum and decreased the 
s trength  of the t i les  produced w ith the reconstitu ted  sand. A 
surpr is ing  increase in the s trength  o f the t i les  occurs when the 
volume of the sand is composed of more than 43% 300pm 
part ic les. This is a s im ila r  trend to that found when work ing with 
the 2360 and 600pm part ic les

Impact on the characteristics of the mortar:
The in it ia l absence of 300pm part ic les  in the r iver sand had the 
fo llow ing  effects on the charac te r is t ics  of the fresh mortar:
• The mortar lacked cohes iv ity
» The workab il i ty  o f the mortar was poor
• A ir  entrapped in the mortar escaped eas ily  during v ib ra tion
•  The mortar f lowed well on the v ib ra ting tab le
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The addit ion of 300(im part ic les to the river sand impacted on the 
character is t ics  of the mortar in the fo llow ing  ways: 
e The mortar became more cohesive
» The water requ irement of the mortar increased by 14% when 

the volume of the river sand consis ted of 43% SOO^m partic les 
and by 40% when it increased to 63% SOOjam part ic les 

« The a ir  entrapped in the mortar could not escape as easily  as 
it could before the increase in the volume of these partic les

• The ab il i ty  of the mortar to f low  on the v ib ra ting  table 
decreased

• The w orkab il i ty  of the mortar improved

P a r t ic le s  re ta in e d  bv the  150um  s ieve

Natural percentage of r iver sand : Part ic les reta ined by the 150jim 
sieve constitu te  7% of the volume of natural r ive r sand.

Changes to the natural grading of r iver sand : This part ic le  siZ'^ 
was removed from the sand and then re-in troduced in stages. 
T iles were produced from sand with a vo lume made up of 0, 7, 
17, 37 and 57% 150gm part ic les .(see  tab le  G on page 89)

Strength tests on t i le s :

Graph.I. Strengths of t i les  produced with r iver sand conta in ing the 
spec if ied  percentages o f part ic les re ta ined by the 1 SOgm sieve

GRAPH f: T i le  s t re n g th s  re la t iv e  to  c o n c e n t ra t io n s  o f  150urn 
p a r t ic le s  in r iv e r  sand
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As with the 300|xm part ic les the in it ia l increase to 7 percent of 
150pm part ic les  had a s ign if ican t effect on the s trength  of the 
t iles. Once the percentage of the 1 SOgm part ic les was above 7% 
of the volume of the r iver sand only a s l igh t increase in the 
strength of the t i les  could be seen in graph.!. The grad ing profile  
of the river sand produced maximum ti le  s trength  when the 
150fim part ic les  composed 17% of the volume of  the r iver sand. 
The fu rthe r add it ion of these part ic les reduced the strength of the 
tiles. The trends seen in the 2360, 600 and 300p.m part ic le  sizes, 
where excep tiona lly  high concentra t ions of these part ic les  caused 
a surpris ing increase in t i le  s trength  was not continued with the 
150pm part ic le  size. However the increase in the volume of 
150pm part ic les of between 37 and 57% reduced the rate of 
strength loss of the tiles, w ith a fu rthe r loss of only 2 Newtons.

Impact on the charac te r is t ics  of the m orta r :
The absence of the 150pm part ic les  f rom the sand used to 
produce the mortar had the fo llow ing  effects  on the 
character is t ics  of the mortar:
• Texture  was rough
o W orkab il i ty  was poor 
o Cohesion was poor
• The ab il i ty  to f low  well on the v ib ra ting  table increased 
» Entrapped a ir was able to escape easily

The increase from 0 to 37% of  150pm part ic les  in the volume of 
the sand produced the fo llow ing  results:
® The mortar had a sm oother texture 
o The w orkab il i ty  of the mortar increased
• The cohesive qua lity  of the mortar increased
• The ab il i ty  o f the m ortar to f low  on the v ib ra t ing  table 

decreased
• The amount o f air able to escape from the green ti le  during 

v ib ra tion decreased

When the 150pm part ic les constitu ted 57% of  the volume of the 
river sand, the mortar produced had the fo llow ing  characteris t ics :
• A smooth cream y texture
® An increase in the cohesive qua lit ies  to the point where the 

mortar became sticky
• Poor workab il i ty
» A lack of ab i l i ty  to f low  on the v ib ra ting  tab le
• A fu rthe r reduction in the ab il i ty  o f the air entrapped in the 

fresh ti le  to escape during v ibration.
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HYDRAFORM BUILDING  SAND

The strength  of the tiles produced using the reconstitu ted river 
sand suggests  tha t a wide varie ty  of sands with a d iverse range 
of grading profiles will be su itab le for the production of Agri-T iles. 
It was fe lt  that to confirm  the above conclus ion Agri-T iles  should 
be produced using a sand that p rev ious ly  would not have been 
considered su itab le  for the ir  production. The sand selected was 
red build ing sand.

Graph j :

The grading profiles of river and red building sand
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Strength tests on tiles:

The t i les  produced using red build ing sand had an average 
strength of 4.04 N/mm of t i le  w idth and the weakest t iles had 
ind iv idua l s trengths of 3.76 N/mm of t i le  width and thus met the 
minimum strength requirements of the SABS.

C haracte ris t ics  of the mortar produced using red build ing sand:

As can be seen in graph.J the red bu ild ing  sand is mainly 
composed of small partic les of 600pm and below. W ith the bulk of 
the sand volume made up of these small part ic les the mortar 
produced using th is  sand had the fo llow ing character is t ics :

• A sm ooth cream y texture
« A high degree of cohes ive ly  
» A s ticky  nature
• Poor w o rkab il i ty
« A lack of ab i l i ty  to f low  on the v ib ra ting table 
« The mortar a llowed very l itt le  of the air entrapped in the green 

ti le  to escape
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Conclusions

The t i les  produced using red b' l ing  sand met the SABS strength 
requirements by a s lender marg.n. One can thus conclude that a 
w ider range of sand grad ing  pro files  will be su itab le  for the 
production of Agri-T iles  than prev ious ly  expected.

CONCLUSION

The in it ia l ob jective of chap te r 6  of th is thes is  was to determ ine a 
su itab le  grading enve lope into which all sands su itab le for the 
production of Ag ri-T i les  would  fit. This was to be accom plished by 
taking a sand that had prev ious ly  been identif ied  as suitab le for 
the production o f Agri-T iles, removing each part ic le  size in the 
grading envelope ind iv idua lly  and then increasing , in stages, the 
percentage that each part ic le  size contr ibu ted  to the volume of 
the sand. T iles were produced at each stage and the effect that 
the grading profile  of the sand had on the s trength  o f the tiles 
was determ ined in accordance with SABS standards.

However the research revea led two problems. The f irs t  was that 
the grad ing profile  of the sand should be viewed as a whole and 
not as a com bination of d iffe ren t part ic le  s izes. This is said 
because the su itab il i ty  o f the sand is determ ined by the 
re la t ionsh ips  of the volumes of the various part ic le  sizes. In other 
words, if a sand with a spec if ic  content of a certa in  part ic le  size 
produces udequate tiles, it does not necessarily  fo llow  that sands 
with d iffe ren t grading pro files  but conta in ing the same proportion 
of that part icu la r  part ic le  size will produce s im ila r  tiles.

This does not mean that the research conducted was in vain, it 
s imply leads to the second problem encountered. The vast 
number of d iffe ren t sands and the d iffe ren t grading profiles of 
these sands means that if the grading profile  combination of a 
sand is to be trea ted as an ind iv idual whole, each case would 
have to be investigated ind iv idua lly . This would prove to be a 
monumental task.

The natural grading pro file  of the test sand was changed 
s ign if ican tly . The percen tage that each part ic le  size contributed 
to the total volume of the test sand ranged from a minimum of 
between 0  and 8 % to a maximum of between 15 and 6 8  percent. 
All of the tiles produced from these various, w ide ranging, grading 
pro files  exceeded the minimum strength  requ irem ent of the SABS.
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W hile the research conducted in cha p te r .6  did not isolate a 
su itab le  grading envelope, it did ind icate that an excep tiona lly  
w ide range of sands with d iverse grading pro files  would be 
su itab le  for the production of Agri-T iles. This agrees with the 
sentim ents expressed by Dobson 17 d iscussed ear l ie r  in this 
chapter. From this anyone who in tends using the Agri-T ile  
machine to produce t i les  on site can be con fiden t that sand 
ava ilab le  on or near the bu ild ing  site will p roduce t iles capable of 
meeting the SABS requ irem ent for strength . This is true as long 
as the sand conforms to the standards d iscussed in sec t ion .6 .3.1 
of th is chapter, namely Harmful Substances in the Aggregate 
(page 81).

An im portant aspect to cons ider when se lecting a sand for tile 
production is that while it has been estab lished that sands with a 
wide range of grading pro files  can produce accep tab ly  strong tiles 
the grading profile  of the sand in fluences the characte r is t ics  of 
the mortar and thus the sk il l needed to produce tiles of an 
accep tab le  quality. In order to manufacture  t i les  with sand 
producing mortar that f lows poorly  on the v ib ra t ing  table or that 
lacks w o rkab il i ty  requires a lot more time and skil l than producing 
ti les  from mortar made with sands that have more favourab le  
characte r is t ics . As in the evaluation conducted on Agri-T iles in 
chap ter 5 of th is thesis, the level of skill of the person producing 
the t i les  comes into p lay once again. W hile  the research 
conducted ind ica tes the w ide range in grading pro files  of sand 
that can produce adequate tiles, success w ill not be possib le if 
the person producing the t i les  does not have the necessary time 
or skill to accommodate sands that produce "d if f icu lt  m orta r.”
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7. CONCLUSION

In South Afr ica the rapid popula tion growth, u rban isa t ion  and the 
high rate of unemployment have all con tr ibu ted  towards a high 
demand fo r  low-cost housing and hence a high demand for 
re la t ive ly  cheap, durab le construction  m ateria ls  that offer 
acceptab le  levels of performance. One of the main problems with 
existing formal and informal low-cost housing is the predominant 
use of ga lvan ised steel sheeting which prov ides the occupants of 
these structures w ith a harsh living environm ent, due to the high 
level of thermal conductiv ity  which characte r ises this roof 
covering.

The survey conducted on the roof coverings ava ilab le  on the 
South A fr ican market revealed that at present no one roof 
covering is capable of meeting all of the requ irements associated 
with the theore t ica l ly  ideal low-cost roof covering. Housing 
shortages and the associa ted demand for re liab le, low-cost 
construc tion  m ateria ls  are not an exc lus ive ly  South African 
problem. Commercia l companies such as Eco-Beton, J.P.M Parry 
and Groupo Sofonias produce equ ipm ent used to m anufacture 
low-cost concrete roof t i les  which they claim provides a durable, 
cheap roof covering capable of meeting the requ irements of the 
low-cost housing markets in the coun tr ies in which they operate.

A South African company, Hydraform, is proposing the 
in troduction  of MCR to South Africa in the form o f the ir  low-cost 
concrete  t i le -produc ing  system known as the Ag ri-T i le  system. 
The eva luation of the Agri-T i le  system conducted in th is thesis 
revealed a number of problems which would m ili ta te  aga inst this 
system being considered a v iab le a lte rna tive  roo f covering for the 
South A fr ican market.

Extensive modif ica tion of the Ag ri-T i le  system reduced the 
number and severity  of defects present in the Agri-T iles, the Agri- 
T ile  production system and the ti le  m anufacturing equipment to 
such an extent that if produced from a var ie ty  o f sands with a 
w ide range of grading profiles, in a con tro lled  environment, Agri-  
T iles can be seen as a possib le  a lte rna tive  low-cost roof 
covering. The qua li ty  of Agri-T iles  is however dependent on the 
qua lity  o f the workm ansh ip  which goes into producing the tiles 
and the author fe lt  that when produced in cond it ions wh ich offer 
l itt le  contro l the qua lity  and consis tency of the t iles produced 
cannot be guaranteed. It was therefore  concluded that in principal 
the Ag ri-T i le  approach, using the proposed m ould ing system and 
a very w ide range of sands, could make a contr ibu tion  to the 
supply of low cost bu ild ing materia ls. However, s tr ic t  contro l over 
qua lity  would be necessary and the au thor doubts whether this 
could be achieved consis ten tly  over a w ide range of build ing 
sites.



APPENDIX A

Key to the Tile Average Tables

Table heading In te rpre ta t ion
Date produced Th is  is the date on which tha t part icu la r batch of 

t i les  was produced
Mix (C:S:W) The proport ions of the mortar mix used to produce 

that batch of t i les 
(cement : sand : water)

Number of ti les Th is  column ind icates the number of t i les  produced 
in that pa rt icu la r  batch. It also ind icates the profile 
of the tiles, a number only ind ica tes the number of 
or ig ina l “ S” profile  produced, while  a number 
fo llowed by a le tte r ind ica tes the number of 
parabo lic  profiled tiles produced and the le tter 
ind ica tes the profile  of the tiles.

T ile defects The most common ti le  defects are listed. The ticks 
in the column ind ica te  how often the defect 
occurred in that batch of t i les 
VVV-indicates the defect occurred almost always 
VV-indicates the defect occurred often 
V-ind icates that the defect seldom occurred 
no t ick  is an ind ica tion that the defect almost never 
occurred

The "B" profile  t iles produced on the 7/7 were produced using 
river sand with a natura l grading profile  the average tile  strength 
of 1184 kN was used to plot the fo llow ing va lues in graphs 6 d, 6 e, 
6 f, 6 g, 6 h and 6 i:

5% 4750^im
19% 2360|im 
28% 1180fj.m 
26% 600gm
13% SOOjim 
7% 150|im



Key to the detailed tile tables

Designated areas at which the t i le  th ickness was measured

T ile  v iewed from above (smooth side fac ing upward) w ith nail hole 
to the right.

Comment on t i le  defect 
abbrev ia tion

T ile  defect

I rT ™ Rough t i le  surface texture
Re Rough edge
W W arped t i le  shape
P Porous t i le  (small holes are present)
H Hessian sticks, leaving marks
B Brush marks
Pd Damage due to holes and w rink les in the 

p las tic  sheet on which the t iles are 
produced

L Lumpy t i le  surface
C Cracks
Bm Holes due to the fo rm ation  of bubbles 

during v ibration
S W hite stain
F Folding problem. T i les  w ith  th is defect 

were not tested fo r  s trength  due to the 
severity  of the defect

D Marks due to drips fa l l ing o f f  the wet  
hessian
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APPENDIX B

THE RAIN PENETRATION TEST RIG

i l lu s tra tions  o f the rain penetra t ion  test rig can  be seen in 
f igu re  2 on plate 4 and in f igures 1 and 2 on plate 8 .

This test rig was used in the labora tory  at the un ivers ity  at all 
times and was protected from wind and rain during testing.

The frame

The frame of the rain penetra tion test rig was constructed  out of 
timber. The frame measured 3 metres long, 2 metres wide and 1.5 
metres high. The tim ber members were held together using 
screws and gang nail plates.

The t im ber sections were as fo llows:
« The 4 tim ber uprights  and the 2 t im ber sect ions inc lined at 30 

degrees, form ing the trusses fo r  the test roof, were 38x100mm 
sections

• The remain ing t im ber sections were all 38x38mm sections
• The purlins were 38x38mm sections and were spaced at 

570mm centre to centre.

A door was supp lied at the back of the rig to prov ide testers with 
access to the under side of the test roof to make observa tions 
during testing. Hinges at the top and bottom of the r ight hand side 
of door attached it to the main frame and two fasten ing  devices 
on the top and bottom of the le ft hand side kept it c losed during 
testing.

The sides and fron t of the frame as well as the door at the back 
of the fram e were covered w ith PVC sheeting, which was stapled 
to the wooden fram e to ensure that a hum id ity  of 70% and above 
could be main ta ined beneath the test roo f dur ing  testing. A clear 
p las tic  w indow was p laced in the door so that a hygrometer 
placed in the frame beneath the test roof could be observed 
during testing. The hygrom eter was used to m on ito r the re la tive 
hum id ity  below the test roof during testing.

A 2 metre long section of gu tte r that was c losed at one end and 
had an outf low  pipe at the o the r was f ixed to the fron t purlin  and 
pos it ioned in such a way that it would catch all the runoff from the 
test roof.

A  t im ber frame in the shape of an “ I” , wh ich was 3 metres long, 
was suspended 400mm above the test roof.



xx i i i

The sprays and sparge pipe

The sparge pipe was m anufactured by using a 2 metre long 
section of 20mm irr iga tion  pipe that was c losed a one end. A 
series of holes were made on one side, along the length of the 
pipe, from which water could escape. W ater was supp lied to the 
sparge pipe via the open end.

5 Irr iga tion sprays were mounted on the “ I" shaped t im ber frame 
s u s p e n '^ d  400mm above the test roof. The sprays were 
d is tr ibu ted  along the length o f the “ I” shaped tim ber fram e so that 
aill the t iles in the test roof below the sprays received an equal 
amount of water. The 6  spray heads were supp lied  with water via 
3 pipes. One pipe fed 2 spray heads, th is was done to reduce the 
loss of water pressure due to fr ic t ion  In the narrow pipes.

A tank served as a water reserve. The gutter, wh ich co llected the 
water runo ff from the roof, re turned it to the tank to avoid 
wastage.

A Speck pump supp lied water from the tank to the sprays and the 
sparge pipe via a three tap system, the taps being connected in 
para lle l.  The f irs t tap regu la ted the amount of wa ter f low ing to the 
sprays, the second tap regu la ted the amount of water f low ing to 
the sparge pipe and the third tap contro lled  the pressure in the 
system by regu la t ing  the amount o f water bypass ing the system 
and re turn ing it to the tank.

The f low  rates required fo r  the test rig were ca lcu la ted in the 
fo llow ing  way:

• Each ti le  provided 530mm x 240mm of coverage which 
equalled 0.1272 m2 

« The test roof was made up o f 16 t i le s  in a 4 x 4 arrangement.
Th is  gave a test area of 2 .0352 m2 

» The f low  rate fo r  the sprays was ca lcu la ted  using the fo llow ing 
formula:
Flow rate ( l itres per m inute)= 1.25 x actual roof area in m2

= 1.25 x 2 .0352m 2 
= 2.544 I/m

e The f low  rate fo r  the sparge pipe was double  that o f the 
sprays, which equa lled  5.088 litres per m inute

in order fo r  the test rig to supply the f low  rates ca lcu la ted above 
it had to be ca librated. Only the water landing on the test roof, 
wh ich  the gutter co llected was used to ca lcu la te  the f low  rates of 
the test rig. The water supp lied by both the sprays and sparge 
p ipe that m issed the test roof was ignored.
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The test rig was ca lib ra ted  in the fo llow ing manner

1) With the pump running the bypass tap was opened h a l fw a y .
2) The tap supply ing water to the sprays was then opened .
3) The volume o f water co l lec ted  by the gutter, wh ich represented 

the volume of water landing on the test roo f was caught for a 
period of one minute and measured. The tap was then adjusted 
until the required f low  rate of 2 .544 I/m was achieved.

4) The position o f the tap supply ing the sprays w ith water was 
then marked.

5) The tap supply ing the sprays was then closed, the bypass tap 
remained ha lf  open and the tap contro ll ing  the water f low to 
the sparge pipe was opened

6 ) The volume of water co l lec ted  by the gutter, wh ich represented 
the volume of water landing on the test roo f was caught for a 
period o f one minute and measured. The tap was then adjusted 
until the required f low  rate of 5.088 I/m was achieved.

7) The position of the tap supply ing the sparge pipe with water 
was then marked.

8 ) Both the tap that supp lied the sprays and the tap that supplied 
the sparge pipe were then opened to the marked positions. 
The bypass tap remained ha lf  open.

9) The combined volume of water supp lied to the test roo f was 
then caught for a period of one minute. The combined f low  rate 
o f the sprays and the sparge pipe equa lled  7.632l/m  which was 
the required combined f low  rate. The s ligh t drop in pressure 
result ing from s im ultaneous ly  opening the tap that supplied the 
sprays and the tap that supp lied the sparge pipe did not affect 
the flow rate of e ithe r the sprays or the sparge pipe.



PLATE 1

I K #

F igure 1 : T h e  O r ig ina l  A g r i - T i l e

F ig u re  2 : Mo u ld ing  th e  or iginal  Ag r i - T i l e
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Figure  1 : Th e  ap p ar a tu s  used  to tes t  the t r a n s v e r s e  s t rength  of  t i les  
produ ce d  by Gro upo  S o f on ia s .  Un f o r t u n a te l y  the  third b e a r e r  was not  

a v a i l a b le  at  the t ime  of tak ing  the photo.

F igure  2 : The  v ib ra t ing  ta b l e  used by G ro up o  So fo n ia s  ( n o t e  the mi t res  on 
the d ia go n a l ly  opposi te  corn er s  and the box mould  used to form the nib on

the t i le)



PLA TE 3

Fig ure  1 : E x a m p l e s  of  the high qua l i ty  injec t ion  m o u ld ed  po lyp rop y le ne  
moulds  used  by G ro u p o  So fo n ia s

F igure  2 : An e x a m p l e  of a roof  co ve re d  with t i les p ro duc ed  by Groupo
So fon ias



PLATE 4

xxvi i i

Figure  1 : T h e  be am crus her  used  to es tab l ish  the t r a n s v e r s e  s t rength  of  the
t i ies

F ig u re  2 : T h e  spe c ia l l y  const ru c te d  rain pen et r a t io n  tes t  rig
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P L A T E  6

Figure  1 : T h e  c la mps  on 
the s ide o f  the  f ra m e  
support ing  the  sh  el shee t  
on which a g re e n  t i le  
wai ts to be pul led onto the  
m ater ia l  mou ld

F igure  2 : An e x a m p l e  of 
the  fo ld ing prob lem  
e x p e r i e n c e d  with the  first  
f ra me .  T h is  was  cured in 
the second  f r a m e  by 
a l lowing  the  ma ter ia l  
mould  to be pul led taut ,  
before  pul l ing the  t i le  on 
to it. T h e  ma ter ia l  mould  
would  then  be lowered  
into posi t ion with the  
gre en  t i les in p lace .
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P L A T E  7

Fig ur e  1 : The  var ious  t i le pro f i les  tes te d .  Pro f i l es  a re  f rom the bot tom Aa ,  a,
b, c, d and e

F igure  2 : T h e  n ew  p a ra bo l ic  “b” pro f i led  A g r i - T i l e
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PLATE 8

Fig u re  1 : T h e  or iginal  A g r i - T i l e s  
under go  th e  rain penet ra t io n  test

F igure  2 : T h e  modi f ied  
Agr i - t i l es undergo  the  
rain penet ra t io n  tes t
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PLATE 9
A s u m m a r y  of  g raphs  6 0  to 61

G R A P H  6 0 G R A P H  6E

T ile  strength vs 4.75m m  particles
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Tile strength vs 1.18mm 
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