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THE DRY PRESSING OF FIRECLAY PRODUCTS.

by Magr. Ing. S. Rosenberg
(Abstract)

The advantages of dry-pressing versus plastic form-
ing are reviewed.

A mathematical expression is given for the pressure
in a dry-pressed mixture as a function of the distance
from the die surface and the external and internal fric-
tion coefficients.

The following factors affecting dry-pressing are
detailed:

(2) degree of moisture,
(b) forming pressure,

(c) amount and size of grog in the mix.

Some disadvantages of dry-pressing are mentioned.
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DILATOMETRIC ANALYSIS OF CERAMIC RAW

MATERIALS AND PRODUCTS

IngJ. Kletenik, Ceramics Re sea_rch Association, Haifa

(Abstract)

The operation of a Chevenard mechanically register-
ing dilatometer is explained, as well as the preparation
of test specimens of raw and pre-fired ceramic masses
and glazes.

A detailed discussion of the glaze-fit problem is
presented, arriving to the conclusion that the larger
the difference between the cooling periods of body and
glaze, the smaller the expansion coefficient of the
glaze has to be.

A photograph of the Chevenard dilatometer is
shown (fig. 1) as well as some typical thermal expan-
sion curves of raw and fired ceramic bodies, glazes,
glasses, enamels, clays and silica minerals.

The application of dilatometric analysis in the pre-

determination of firing curves of ceramic products is
also commented on.

Four references are given.
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BLOATED AGGREGATES FOR STRUCTURAL CLAY
PRODUCTS

by {ng. Y. Franzus.
(Abstract)

Local clays available for structural products are usual-
ly lime-bearing and thus suitable for the manufacture of
bloated aggregates.

Building units made of bloated aggregate have the
following advantages over common fired clay bricks:

They are (a) less expensive to produce,

(b) cheaper in actual construction
(larger units may be used),

(c) better in heat-insulating properties
due to their cellular structure.

An explanation is given for the bloating mechanism
in bloated clays.

The production of bloated aggregates and fired
structural units made of these aggregates is described.

The author recommends a research program on
bloated clays to be carried out by the laboratory of the
CeramicsResearch Association of Israel.
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THE ENAMELING OF ALUMINUM

by Dr. R. Hammer, Ceramics Research Assoc. , Haifa

(Abstract)

The enameling of aluminum and its alloys is brief-
ly reviewed. Nominal compositions are given for wrought
aluminum and cast aluminum alloys, suitable for enamel-
ing. Typical enamels are divided into three groups:

(a) lead-bearing,
(b) phosphate glasses, and
(c) barium type.

Among the advantages of enameled aluminum are light
weight, flexibility (in sheet form) and good resistance to
weathering (including salt-water corrosion).

VOCATIONAL EDUCATION IN CERAMICS

by E. Wishinski, Ceramics Research Assoc., Haifa
(Abstract)

The growth and development of the ceramic industry
in Israel has created a shortage of ceramic technicians
and skilled workers.

Three basic requirements for an adequate education-
al program in ceramics are:

(a) A study program following the general curricu-
lum of ceramic vocational schools in Europe,

(b) Up-to-date equipment for practical training,

(c) A teaching staff well-versed in all branches of
ceramic technology.

An outline is given for a two-year intensive program
for the training of ceramic technicians.
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Only under very definite conditions may cement pipes be
used to replace high-grade stoneware pipes, i.e., that
no large quantities of acid wastes are discharged into the
pipes - that sulphuretted nydrogen gas of high concentra-
tion is avoided - and that the ground is not containing
ground-water highly impregnated with carbon dioxide or
sulphuretted hydrogen - further that chemical aggression
does not take place later on through changing of the exist-
ing sewage conditions.

But these definite conditions are only fulfilled in very
exceptional cases and nobody can give a real forecast as
local existing conditions may be different in the future
through natural and industrial developments.

Only stoneware pipes are suitable for the present and
possible changed conditions centuries hence, with the
exception of hydrofluoric acid, as well known to manufac-
turers.
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for cement pipes.

31. Asbestos is an acid -resisting material but in
the form of asbestos spun pipes this material is com-
bined with Portland cement or alumina cement. Both
cements are soluble in acid which is a fact proved many
times. Therefore asbestos spun pipes slowly but sure-
ly must break down if they are attacked by acids as the
cement will be dissolved and washed out in spite of the
acid-resistant properties of the asbestos. Today it is
difficult to evaluate the lifetime of asbestos spun pipes
in comparison with stoneware pipes. Under excellent
conditions, and should no chemical aggression occur

against the asbestos spun pipes, both types of pipes may
resist for many centuries. Stoneware pipes are pre-
ferred as there is always the risk of what would happen
with the cement- or asbestos pipes if a chemical aggres-
sion should take place or start now or after ten years.

IV. CONCLUSIONS

To summarize, concrete pipes should only be used
if there is a lasting guarantee that neither corrosion nor
damage to the pipes by abrasion can take place. In ca-
ses where it is impossible to say if the sewage condi-
tions will be altered or not, only stoneware should be
used as the material for drain pipes. There are many
examples from the practice abroad about the harm
caused by the use of concrete pipes. Literature des-
cribing the decomposition of concrete pipes in Germany,
Austria, England, France, Australia, Scandinavia and
many other countries is available and will be discussed
in a later report.

Finally, at the present time it may be possible to
say that the use of even high-class concrete pipes for
household and industrial connections would not be in the
best economic interest of the community and, therefore,
the whole question is of a national economic significance.
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ates, chlorides, and so on, in order to mention some.

27. Salt-glazed stoneware pipes show a low water
absorption and even unglazed, are practically water-
tight. Further,they should withstand 1. 5 kg/cm? inter-
nal hydraulic test pressure on the barrels of the pipes
without showing signs of injury or leakage.. The water
absorption is varying from 2. 5% to 4% generally,in an
one hour boiling water test.

28. The wearing effect of sand on the stoneware
pipes is practically nil which particularly proves the
hardness and smoothness of the stoneware surface. In
many towns, thousands of tons of sand may pass through
the sewer system annually. (It is stated that concrete
pipes are badly injured by a speed of over 1. 3 meters pe1
sec. of the discharge as well as damaged by the abrasive
effect of sand).

29. The glossy surface of stoneware prevents the
increase of bacterial flora and does not allow residues
to settle in the chinks, moreover, loss by friction is
very small and guarantees the best utilisation of the gra-
dient. (By reason of the roughness of cement all kinds
of residues can be settled in the chinks of the surface
making an excellent breeding ground for all sorts of bac-
teria. Hereby H2S is produced developing sulphuric and
other acids. It is stated that certain micro-organisms
can change, in a short time, the surrounding fluid pH
values from 7 to 4 and therefore the cement is immediate
ly dissolved through the action of such bacteria).

30. The strength of stoneware pipes is superior to
the mechanical strength of concrete pipes. Stoneware
pipes have a tensile strength of about 100 kg/cm2 gener -
ally compared with about 50 kg/cm2 for cement pipes.
Especially with regard to the compressive strength the

difference is obvious, as stoneware pipes have about
15-1700 kg/cm2 against about 4-500 kg/cm2 in average
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condition. Stoneware pipes of Babylon made 6400 years
ago are still in excellent condition.

23. Stoneware differs from white-burning earthen-
ware in that the body is thoroughly vitrified. As stone-
ware does not depend upon colour as porcelain-products,
it is possible to use such raw materials which allow low-
er vitrifying temperatures and ensure exactness and sta-
bility during firing as well as high mechanical strength.
Through the right choice of material and preparation,
stoneware pipes are cheap to produce and salt-glazed
they are very durable and expected to last for centuries.
Stoneware pipes are to-day produced up to 30 in. mecha-
nically, finished, dried, fired and salt-glazed in a tunnel-
kiln, all in one flow. It is possible to produce even big-
ger diameters, but as stoneware pipes are easy to lay,
it is often preferable to use several smaller diameters,
which has a certain advantage for repairs.

24. Stoneware plates are an excellent material for
the lining of concrete pipes.

25. The stoneware pipe has a special resistance to
corrosion by reason of the body which is poor in calcium
and alkalis as well as alkaline earths in general and,
therefore, attacks cannot occur through the dissolving
out of the above -mentioned metal oxides. Further, the
attack by fluids is very small as the salt-glazed surface
is smooth and tight as well as the body itself is homoge -
neous and vitrified to tightness. Practically, stoneware
pipes of good quality are not attacked by any of the usual
fluids with the only exception of hydrofluoric acid.

26. Stoneware pipes are proof to: Sulphuric acid,
nitric acid, formic acid, oxalic acid,
hydro-chloric acid, sulphurous acid, sulphur dioxide gas,
boric acid, chlorine gas, bromine, ammonia gas and so-
lution, sodium hypochlorite, potassium hypochlorite,
chlorates, potassium permanganate, chlorates, perchlor-
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But the non-resistance of cement is not dependent upon
the free lime alone and corrosion proof concrete may not
be attained through its chemical binding. Even by in-
creasing the iron oxide content in favour of the chemical-
ly bound lime content, this cannot be reached and thereto
the development of the cement bacillus will be limited,
but in this way naturally, the progress of corrosion will
be slower. Sea-water proof cement achieved by the ad-
dition of iron oxide and pozzuolana-like material is more
resistant than without additions, but it is by no means
corrosion-proof.

20. Alumina cement consisting mainly of calcium
aluminate is a little more resistant to acid fluids and
sulphate solutions than Portland cement and other sili-
cate cements, but it is in no way acid-resistant by rea-
son of its high content of bases. Although alumina ce-
ment is more resistant than Portland - and blast furnace
cement against many salt solutions, as for example mag-
nesium sulphate a. s.o., it is by no means resistant
against all aggressive liquids and particularly not
against alkali salt solutions.

21. There are certain water-proof coatings or im-
pregnations for temporary protection against corrosion
as for example silico fluorides (MgSiF¢, ZnSiFg) which
unite with the cement lime in a resistant coating but
this thin skin is by no means acid-proof. Further water-
proof paints and materials (resins, varnishes, asphalt,
bituminous mastics, etc.) give a better protection than
silico-fluorides but they are gradually emulsified by the
soapy substances and oils etc. and must therefore be
renewed every few years which is a matter of great
difficulty.

22. Stoneware is without doubt much more resis-
tant to chemical attacks of all kinds than cement. There
exist primitively made clay drain pipes of ancient Rome
and Greece,Egypt and China which are to-day in good
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- 14. Glucose, molasses, sugar solution and syrup
are all attacking the cement pipes probably through the
salt-like saccharates.

15. Salt solutions occur in all industrial and domes-
tic waste water and especially alkali salts, calcium and
magnesium are playing a decisive part in sewage. The
salts may react with the cement constituents developing
additional products of different kinds and even blowing
and actual corrosion may take place under the influence
of salts.

16. Calcium sulphate, magnesium sulphate and so-
dium sulphate have an injurious effect and cause blowing
when they are cumulative. Blast furnace cement poor in
lime is already attacked by a 0. 08% sulphate solution.

17. The above mentioned,concerning concrete,is also
applying to centrifuged cement as the centrifugal force is
influencing a lime concentrate on the inner wall of the
pipe resulting this to be particularly sensitive to acid
attacks.

18. Finally it is officially ascertained that pure
spring water containing only a very small amount of rock-
salt has destoyed concrete pipes of best quality although
the salt content was considered as harmless. Pure wa-
ter may be in a certain way ''salt-hungry' and therefore
the resistance of concrete itself to pure water may be
considered as low if subjected to its influence for long.

19. In order to get a good protection of cement
against corrosion many experiments have been made.
For example the admixture of pozzuolana from the Ar-
dennes with Portland cement is suggestéd as the large
guantity or reactive silica in the pozzuolana is binding a
part of the lime in the cement. Other additions have a
similar influence as trass, kieselgur, santorinic earth.
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concrete. Following is an incomplete list of acid sub-
stances which are injurious to cement: Carbonic acid. -
creosote - cresol - carbolineum - fruit juices - lactic
acids - mineral acids - phenol-sulphite waste liquor - *
tannic acids - lysol - a. s. 0.

8. Free sulphuric acid reacts strongly with cement
forming with free lime hydrated gypsum with a volume
increasing at the same time. Through plaster-blowing,
the cement is weakened and further the gypsum is dis-
solved, resulting in a still more loosened cement con-
stitution. Even a small acid concentration has a harm-
ful effect during very long periods.

9. Hydrochloric acid and nitric acid disintegrate
the cement quickly, but they do not have a '"blow'' -
effect.

10. Extraction residues and press cakes and vine-
gars affect the cement by reason of their acid content.

11. Carbonic acid is also very aggressive and par-
ticularly the cement is attacked when the content of lime
in the water is low. Carbonic acid water with 0, 01%
concentration may destroy concrete pipes produced of
Portland cement or blast furnace cement. Further it is
shown that damp air containing carbon dioxide is attack-
ing cement pipes and the mechanical strength may be
greatly decreased by only an apparently slight effect of
carbon dioxide.

12. CO2-Water covers the cement with a carbonate
film but not completely in order to protect the cement
pipes against further corrosion by carbon dioxide.

13. Fats and fatty oils must be particularly men-
tioned as having a destructive effect which is due to
their saponification by the lime contained in the cement.
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3. Sulphates in solution may be reduced to hydrogen
sulphide by bacterial action at higher temperatures and
this in turn, when oxidised, forms free sulphuric acid.
This formation of sulphuric acid takes place in the space
occupied by gas above the water level on the upper part
of the pipe walls and therefore not carried away by the
water. It is observed that cement pipes are destroyed
by acids at first in the upper portion of the pipe.

4. High concentration of hydrogen ions,is reckoned
as a factor particularly in the tropics, and under certain'
conditions the active or salt concentration is often in-
creased to a high extent by the fact that the solution rises
into the capillaries of the material - followed by evapora-
tion of water - whereupon further liquid rises a. s. o.

5. Countries with m oist climate have mostly soils -
in which the pipes are embedded - reacting definitely acid.
The plants' metabolic processes give rise to acids, as
humic and lactic acids or carbonic and nitric acids. From
the soil, bases are washed out by rains - harvests take
alkalies - calcium and magnesium, leaving behind acid
residue as well as the plants use the ammonia from
ammonium sulphate leaving sulphuric acid residue re-
maining in the soil.

6. Cultivated lands have mostly acid and in some
cases very acid soils according to examination of agri-
cultural scientific literature, and the soils tested have in
‘Denmark 84% - Finland 99% - Japan 95% - Java 14% -
Sweden 74% - England 93% - an acid reaction.

7. Set cement contains free calcium hydroxide and
in addition calcium silicate and aluminate and calcium
ferrite - the calcium hydroxide reacts with acids with
the result that the binding medium is withdrawn from the
concrete. Even silicates and aluminates and ferrites are
displaced by the acids in the long run, leaving finally a
sandy residue together with the gravel contained in the
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gas. Further, the formation of the coating skin is dan-
gerous for the material itself when CO2 occurs in the
waste water and the sewer air. In combination with wa-
ter and calcium from the concrete, calcium sulphide and
calcium hydrosulphide are formed and through oxidation
converted to gypsum destroying the pipe totally little by
little. Thereto other disagreeable chemical combina-
tions are formed as for example calciumsulfoaluminate
(cement-bacillus) with still more destroying influences.
It is observed that the slimy coating skin is easily formed
when the pipe surface is porous and therefore it is very
important to clean and brush the concrete pipes often
and thoroughly in order to take away the feared coating.
Therefore it is also understandable through the study of
the ceramic sewer pipe structure and hard glazy surface
that organic life has not much possibility to exist under
such conditions.

From a building-hygienic point of view only such
sewer pipes should come into use for drainage of waste
as fill the above mentioned quality demands. In the con-
trary it is false saving of money and time as after a cer-
tain number of years the pipe line must be reconstructed
or renewed. The first condition should be in every case
to produce such a sewer pipe which can fill the demands
of modern medical science which is a matter nobody has
a right to neglect, no matter how expensive it may be.

III. Some Notes of Importance about Sewer Pipes

1. Acids and salts make the hardest demands on the
pipe material. Acids are mostly coming from industrial
wastes in spite of laws existing to the effect that indus-
trial waste should be neutralized.

2. Free sulphuric acid is formed in large quanti-
ties through the oxidation of the hydrogen sulphide gas
from the putrefaction of organic matter, as far as house-
hold sewage is concerned, and is nearly impossible to
prevent.
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tion. It is ascertained that in household waste water

lines free sulphuric acid can be formed above the normal °
waste water level-through the process of putrefaction

free sulphurated hydrogen (H2S) unites with oxygen from
the air and sweating water from the walls. As is well
known, air containing only 0.3 - 0.5 ©/5o H)S -gas in-
haled in one hour is deadly for men. Many accidents

have occurred by reason of the existence of this gas

when laborers have cleaned sewer canals.

3. The material must have an extremely good che-
mical resistance as all waste water is more or less acid
or alkaline. From the inner side it must be resistant
against aggressive industrial water - oxidation of sul-
phurated hydrogen to sulphuric acid through the influence
of colonies of bacteria - and against household waste
water containing today a lot of new chemical materials
for cleaning and washing, and so on. From the outside
it must be resistant to the influence of pit water - humus-
marsh gas - and other strange liquids of acid- or alka-
line character.

4. The material must have a high mechanical
strength in order to resist the varying loads from
streets and roads which also provides that the material
must have a certain flexibility.

5. The inner and outer wall of the sewer pipe must
absolutely have a glossy surface and especially not be po-
rous. Moreover, the glossy surface must be hard
(Moh's scale 8 - 9) and remain so through many years of
service in order to fill the building-hygienic demands.

In the contrary case the undesirable formation of coat-
ing skin (Sielhautbildung) will occur as a slimy sediment
on the pipe wall. This coating skin is very undesirable
from a hygienic point of view as this skin is a sustenance,
in connection with inorganic combinations for parasites -
fungus, mould, algae, grub and so on. The skin, as
bearer of albuminous substances, forms the feared H2S -
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Taking also into consideration the risk of infection
from so-called infection-spreading rats and other animals
the canalization systems should only be built of the most
suitable materials neglecting the cost,as gold is of no'va-
lue compared to the health of a human. The demands of
modern medical science should absolutely be fulfilled
accompanied by modern ceramic engineering. Already
the ancient technology gave us the first instructions
about the choice of the most suitable material. Canaliza-
tion should be built for centuries - not for years.

II. The Demands of a Sewer System

According to modern industrial techniques it is
possible to produce vitrified and glazed ceramic pipes
with diameters up to 1200 mms and lengths of 1500 mms.
Where bigger dimensions are necessary, oval canals are
used and lined with so-called egg-profile plates of cera-
mic or clinker plates of suitable dimensions. As the
sewer system should be resistant to the most different
waste products from industries, households, humans and
animals, the pipe-and lining material should have follow-
ing properties:

1. The material must be absolutely dense so that
the waste water cannot penetrate the wall with the risk
of infection of drinking water. It is an indisputable fact
that all waste water or part of it derived from human ori-
gin is infectious. Thus only materials with a throughout
high density should be used as thin so-called acid-and
alkali proof coatings are worn away after some years in
service. According to investigations, about 45 to 50% of
all typhus epidemics are derived from decomposed or
porous sewer pipes infecting the drinking water.

2. The material must have an extremely good therm-
al shock resistance, i.e., in this case against frost and
warm and hot waste water. Especially hot waste water
may be dangerous when it is of certain chemical composi-
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important role in this work and later on even cement pro-
ducts. (Unfortunately cement sewer pipes were also taken
into use for waste water lines which was a mistake of
false saving as they are porous and neither acid nor al-
kali resistant and therefore in a way the focus of infec-
tions).

In bigger towns and centres of colonization new cana -
lization systems were constructed or old systems recon-
structed. The mortality statistics from different places
are of the utmost interest in connection with this sewage
work. Thus in order to mention some examples:

Berlin: Mortality of Abdominal-Typhus/10000 inhabitants
1859 1864 1869 1874 1879 1884 1889 1894 1897 1902
10,0 7.8 8.6 9.6 4.3 .3.7 1.5 0GR

and further the mortality of typhus/100000 inhabitants
from 1860 to 1885

before re-construction after re-construction

in Berlin 50 25
Bruxelles 105 30
Danzig 99 13
Bristol 100 60
Cardiff 80 42
Munich 210 17
Frankfurt/M 89 29
Paris 135 75

and so on. Naturally the picture is quite a different one
today. Through the USA statistics it is possible to es-
tablish the importance of a correct waste canalization
system as it has been ascertained that the spreading of
Poliomyelitis is per 100, 000 inhabitants in places

with water-and waste water lines 26,6 cases
without water-and without waste water
lines 39.7 cases

with water-and without waste water
lines 83.6 cases
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streets and the people's resolution in Athens 320 B. C.
about impurity and dirt are written down and well known
examples, ratifications from ancient times.

After the decay of the Roman Empire came little by
little the so-called dark Middle-Ages with degeneration
and dirt. Waste products from humans and animals were
thrown out on the streets and as more towns were en-
larged, more people died of frequently occurring epide -
mics. An example from this death-marked time is the
town Strassbourg with 16000 mortal cases in 1349, and
about 18000 anno 1360 by reason of epidemic deseases.
It is proved that it was a question of infectious drinking
water as the Jewish inhabitants in the town were spared
from the epidemics because they followed their doctor's
instructions to drink only boiled water. Dry latrines
were in common use and big centers of infections in the
houses and streets before they were transported away
and at first as late as 1775 the English watchmaker
Cummings patented his water-closet. Canalization was
again an actual problem and since it was impossible at
that time to produce clay-pipes of big diameters in a
technically correct way, the waste water lines mostly
were brickwalled or made of sandstone. Thus it took
a long time before the Middle-Ages people understood
the importance of purification and made use of the ex-
periences of the ancient people and certainly the epide-
mic ravages of typhus, cholera and plague would have
been much less malignant, if the ancient knowledge of
canalization had been accepted in time.

During the 18th century the problems of canaliza-
tion attained the dimensions of disaster all over Europe
in a short time, following the enlargement of old towns
and growing up of new towns. Starting with the 19th cen-
tury, which is characterized by a remarkable industrial
development and beginning medical science successes,
it was possible to build up well-adapted irrigation and
waste water systems. Ceramic products played a very
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The Roman Empire conquered most of Europe (as
known at that time) and in such a way the practical Ro-
mans brought the technique of canalization to France,
Germany and Spain. Although it is today impossible to
clarify by figures how often epidemics and diseases oc-
curred at that time it is in every case possible to assume
that the erection of ceramic sewer pipe systems in towns
and fortifications was of the utmost significance for
cleanliness and thus an important means to prevent the
spreading of epidemics.

Still today the bathing establishments in the town
Trier are imposing and in Pompeiji nearly every house
had a latrine with an "amphora' - also a suitable cistern
of fired clay.

Famous is also the irrigation and waste water sys-
tem of the resident of Pergamon (about 170 B.C.). From
the well-spring the water was flowing through natural in-
clination in ceramic water pipes (about 185 mms diame -
ter) about 60 kms to a filling-well and then pumped up to
the castle on high ground. For the waste water, clay
pipes were used in dimensions of about 55 to 65 cms
length and 13 to 20 cms diameter. Of interest is even
the about 1800 years old Caesaria water pipe line. The
water was flowing about 2 to 3 kms in quadrangular clay-
pipes to the castle. The pipes are of good quality and
still in quite good condition. The line is easy to find as
it crosses the main road Haifa - Tel Aviv.

It is obvious when studying the ancient building-
hygienic art that the ancient rulers had an instinctive
feeling for the importance of purification in towns, for-
tifications and castles, as they understood that their
power was depending upon a sound and healthy people.
Although they had no modern knowledge about the danger
of infections and epidemics, it was in every case clear
for them that waste products from humans and animals
were the focus of infections and therefore dangerous.
Emperor Justinian's penalties concerning defiling of
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materials it was possible to make them dense enough
against water. Most imposing of all ruins is perhaps
the about 30 x 55 m. swimming pool brickwalled in
that manner and it shows that already 6-5000 years ago
ceramic products were of the biggest significance for
the colonization and development of our culture.

Excavations in Mesopotamia have brough to light
well-linings of fired clay-rings of about 50 cms diameter
produced approximately 6000 years ago. The Grecian
locations in -Knossos, Melos and Olympia have brought
to light drain pipes made of clay-rings with diameters
up to about 80 cms. From the ancient pre-Semitic
people formerly occupying the lower part of Babylonia -
the so-called Sumerian time about 3750 B. C. - derive
the excavated fired brickwalled cesspools (cloaca) in
the tower Dur-Sarrukin. Further, the ruler's palace
in the tower shows the existence of lavatories with water
flushing and soil-pipe leading directly to the main-cloaca.
Egyptian descriptions from about 2000 B. C. are telling
of similar hygienic installations.

Already at that time ancient Alexandria had a
real sewer pipe system with regular distances between
the purification wells. The Grecian and the Roman
could make good use of the experiences of the older
ancient peoples and during the coming Grecian and
Roman period the technique of canalization was deve-
loped to a very high level taking into consideration the
technical possibilities at that time. Akropolis and the
surrounding houses in Athens had a well-adapted waste
water system consisting of big elliptic or quadrangular
shaped clay-pipes. Ancient Rome as well is famous for
its irrigation and waste water system where mostly
ceramic materials were used in form of bricks and clay-
pipes (tubuli). The Roman builder Vitruvius (about
24 B. C.) tells in his work about '""Art of Building'' that
he prefers clay-pipes for the water-supply as they are
better from the point of view of health than lead pipes.
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It may be said that the problem of drainage starts
as an endless chain of triangulation in which the human,
drinkable water and waste water are the main compo-
nents in the circuit.

Historic

The use of clay products is extremely old, probab-
ly because clay is one of the most common minerals in
the world, and as it is relatively easy to shape and make
hard and dense, the ancient people could find use of
these properties already thousands of years ago. From
the beginning of simple shaped articles in general use
the technique was developed little by little and already
4-3000 years B. C. fired clay products were in use for
irrigation and waste water systems. In ancient times
the first condition for a stationary colonization was
"sufficient quantities of drinkable water' and if so was
the case, at the same time the problem of irrigation and
waste water had to be solved. The builders of that time
were fully conscious of the significance of well-made
systems for irrigation and waste water which is proved
through the excavations at the big colonization sites of
Mohenjo-daro in Indus-Valley where not alone the pala-
ces but also general houses were built of fired clay
bricks. Even the wells were walled up of fired bricks
as well as the waste water pipes from the houses direct-
ed to special brick-walled sink wells placed in the
street and furthermore the ruins show the existence of
brick-walled lavatories with their decked conduits and
sink wells. At that time - 4 - 3000 years B. C. - the
bricks were fired at a relatively low temperature -
about 600°C - and therefore they were quite light and -
porous, but through treatment with sand and bituminous
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