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Introduction !

One of the major advantage of clay pipe is the

very fact that it is made of clay, Vitrified clay pipe
and fittings are used for the conveyance of sewage,
commercial and industrial wastes, chemical liquids and
vapours and storm water. The competition between
clay and concrete pipe is extremely tough especially
whep it is a question of pipe for sewers. The vitrified
clay pipes and fittings are increasingly being used and
recommended by ‘Municipalities, Consultants, Contrac-
tors and drainmen in many developed countries like
USA, Soviet Union, Britain, Canada, Germany, Japan,
Newzealand, Mexico, Denmark elc. etc,, due lo ease
in installation, complete water tightness, resistance to
root penetration and continuous trouble free service.
As compared to concrete pipes, the vitrified clay
sewer pipes are notaltacked by organic acids and
bacteria, A big contribution towards maiotaining a
lead of extruded clay sewer pipe over other materials
in the last three decades has been made by clay work-
ing machioery manufacturers who have steadily moder-
nised their equipment to reach a higher level of pro-
duction and at the same time reduce both produclion
and labour costs. It is now realised that it js only
the extrusion phase in the manufacturing pro-
cess which greatly influences both the level of produe-
tion and the cost factor. Due to application of stan-
dard sizes in most countries it has been possible to
develop fully automatic production lines for the manu-
facture of stiff extruded pipes of various sizes, At
present extruded pipes are manufactured in sizes rang-
ing in diameter from 4 to 42" (10 10 106 cms) and
upto J0' (3.048 m) in length, Trend is towards manu-
facturing larger dinmeter und longer pipes, the reasons
for greater lengths is for improved efficiency due to

fewer joints in installation in addition to enhanced
rate of production. '

Although, both socketed (or bell) and plain-end
extruded clay pipes are being manufactured but nearly
all the clay pipe producers now are manufacturing,

experimenting or taking another look at plaio end

pipe. In USA practically all pipe manufucturers bave 4
The reasons afe

switched over to plain end pipe.
apparent; (1) better consumer acceptance because it is
easily installed (2) flexibility in use and (3) simplified
production Process. With the iniroduction of special
flexible mechanical couplings the plain end pipes afe
becoming popular due 1o enormous savings in produc-

tion costs as well as ease in installation as compared-to~"""

socketed pipes. This paper gives a brief review of re-
cent developments in the manufacture and use of ext-
ruded vitrified clay sewer pipes in American continent
with particular reference to Canada, 2

2.0 Technology of Productien

The production technology adopted in the maou-
facture of all burnt ¢lay products is very sirilar, Clays
must be selectively mined and processed, 1t must then
be formed, dried and fired. Due to low selling prices
of clay products the ecopomic viability of"modern
ceramic plaot is mostly dictated by the production.

process employed for the forming and processing of A

4

raw materials which are responsible for the develop-
ment of very efficient machines and automation of
production line, At present, inan automated plant,
clay pipes are formed universally by extrusion adopt-
ing dry processing of materials which affords both,

the efficiency as well as oplimum use of encrgy, a pre-

requisite for aoy econnmically sound clay products
plant. In the past, experiments® were conducted
in Soviet Union to develop other production processes
for the manufacture of clay pipes such as semi dry pre-

‘ssing and by “grafting"” (the process of buildiog up the
article by applyiog layers of clay on top of each other) -

but these could not be commercialised economically.

The production technology for extruded clay pipes, .

using dry grindring, has been shown diagrammatically
in Fig. 1, 1t bas essentially five phases i. e. mining and
storage of raw materials, mechaoical preparation, ex-

trusion of green pipes, mechanical finishing and hand- i/

ling of green pipes, drying, firing and testing.
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2.1 Mining of Selected Clays and Its Storage

The finest and most upto-date equipment can not ma-

ke pood pipes unless the clay is right, In the manufact-
ure of clay pipe virtually nothing is added buta little
water to give the clay plasticity during the forming sta-
ge. Clays ars composed basically of silica and alumina
with other minerals present in smwall quantities, The
manufacturing characteristics and the final product
depend upon the proportion in which these minerals

are found in raw clay,

Rarely any sewer pipe is manufactured from a single
type of clay. The raw material is generally the mixture
of a plastic clay and a non- plastic aggregate (grog of
lean clay). In the States it is a general pracrtice to mix
fire clays and shales to obtain desired product charac-
teristics of strength, chemical resistance, dimensional
control, low purosity etc., demanded by the consumer,
Fire and refractory clays are resistant to heat and are
used in large quaotities.in.the the “Clay pipe” industry
because they do not deform at high temperature and
thus give good dimensional control to the finished pr-
oduct. So cilled ” Multicomponent” batches compiled
from different types of clays with properties which sup.
plemeznt each other give high quality bodies (raw mate-
rial). Multicomponent batches are often used for the
manufacture of large diameter pipes.

The selected clays and shales are stripped with power
equipments like front-end loader or power shouels and
trucked into the plant, [n preparation of hatches at 50~
me plants different clay+ are mixed at the mines itself
whereas in others it is blended from storage bins. Bat-
ch mixes are carefully worked out in the labsratory, A
typical mix being used at a plant consist of shale refra-
ctory clay and grog in the ratio of 60%, 30% and 10%,
respectively, Each of the raw material is crushed sepa-
rately to a maximum of 3” lumnp size through a double
roll crusher. The crushed material s conveyed toa st-
orage building and distributed by a shuttle conveyor,

2.2 Mechanical Preparation of Raw Material

The objective of mechanical preparation is to pre-
sent the raw material io @ suitable form at an accep-
tuble rate for futher processing. It is usually dene by
machines by actions such as rubbing, pressing, mixing
and other processes. The pipe body can be prepared by
the plastic or dry method. The plastic method of pre-
paration especially in clay pipe industry has become
outdated as it suffers from drawbacks such as clay is
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poorly mixed, raechanization is difficult and good
quality pipes are not obtained by this technique. In
most of the planis, it is common practice to prepare
clay bodies, using dry preparation and extruding with
low moisture content (upto a maximum ol 18%). This
helps in protecling the pipes from damage due to high
air shrinkage and reduce drying time and fuel consum-
ption as compared to plastic preparation (19.5 to 219,
moisture), :

Three ingredients, shale, fire clay and grog main-
tained in hoppers are fed into (he rim discharge type
of grinder in fixed proportion with the help ol apron
feeders, The charge is ground (8- 10 mesh) fine enough
to fall through the performations in the mefal pans.
The ground materials are then elevated by troughing
conveyors to a battery of heated vibrating screens.
The fines from screens are taken by conveyor to
sturage bins while tailings, together with the scalper
oversizs is conveyed to the grinder forming a closed
circuit grinding 2, The ground raw material is distri-
buted to extruders by means of bekt conveyors throuwgh
feed hoppers automatically, The waste products formed
during extrusion, drying and firing are recycled by
feeding into the crusher.

2.3 Dxtrusion, Finishing and Mechanical, Handling of

Green Pipes

The extrusion process, as practiced universally, is
used for the manufacture of clay pipes, Both horizon-
tal and vertical extruders are employed but horizontal
extruders are preferred for the rapid production of
small diameter pipes. In the past the vertical machineg
were mostly steam driven intermittent piston presses,
but except where hydraulic pressure is used to drive
the pistons, they are largely superseeded by avger mac-
hines, In the auger machines it is possible to incorpo-
rate a deajring system which increase the plasticity of
the clay and makes the extruded pipe less brittle,

Most of the up-to-date plants incorporate stur-

dily built auger extruders, both horizontal and vertical,
the most common being Steele, FRH, Bonnot, Fawcert
and Craven makes, consuming upto 500 HP, These
machines have been perfected by the incorparation of

electronic measuring and timing controls which have '

solved many production problems. Very stiff extrusions
(12 to 15% moisture) bas been obtained by using hard
wearing alloys (containing 28% chromium) in the
manufacture of worms, liners, koives, electrically acti-
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vated pneumatic clutches, sophisticated lubrication sy-
stem in addition to single reduction separate drives

for pug sealer and extruder. The separate drive dea-
iring machines offer a distinct advantage while man-;

ufacturing clay pipe since extruder auger shaft needs
stop and start with the formation of each pipe, thus
the tempering of clay ls much more efficient due to
continuous pugging. It has also been observed that
when total power for both drives exceeds 250 HP,
the splitting of this load into two entirely separate
drives is mechanically more feasible for strenuous re-
quirements involving low moisture content and high
output. lo aoother vertical pipe extruder marketed
by British firm “Rawdon” the vacuum chamber is eq-
vipped with ultrasonic feed control system which li-
mits the amount of clay contained in chamber®,
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Generally pipes from 4 to 12’/ dis, 'are extruded
on horizontal auger extruders and from 15" diameter
onwards vertical auger extruders are employed: Verti-
cal extruders are also used for making large radius
pipes by manually pulling the pipe to one side with
the aid of templates during extrusion. In more rec-
ent extruders special dies are fitted for the manufac-
ture of curves, clbows and traps from 4 to 10" dia-
meter, Although, pipes of larger diameter are exclu-
gively made on vertical extruders, but the latest tre-
nd is towards the employment of borizontal extruder
for larger diameter pipes as well, The clay pipes
as extruded by augei are of two types.

(a) Socket and Spigot Pipe
(b) Plain End Pipe

i
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(n) Extrusion of Socket and Spigot Pipes

The extruders are designed to make these pipes
in one piece, the socket being made integrally with
the pipe by means of eleciro pneumatic press table.
The press table, fitted below the vertical extruder,
moves up and down having a bolted mould for soc-
ket. When the table is locked up agaiost the die
plate, the extruded clay is forced into the socket
mould, After this has been filled, the fable.is rele=
ased and thc extruded pipe gradually presses the ta-
ble down., To overcome the internal stresses develo-
ped during socket or bell forming a lubricating oil
is sprayed inside the sicket mould, When the table
reaches the required extruded length, the main drive
to machine is disengaged thus stopping the extrus-
ion and downward motion of the table, As the
pipe is gripped, signals are transmitted for the pi-
pe to be cut and the table to be lowered to clear

" the socket, The take—off equipment now withdr-

aws the pipe and when it is clear off the table, si-
gnals are transmitted to drive the table up,

"la recent years, single column press tables ha-
ve been marketed which are capable of high speed
production upto 10 pipes per minute of 4" dia and
3.3" length®, Smaller diameter pipes are also ma-
de with vertical extruders with simultaneous form-
‘ation of several plpest,

(). Extrusion of plain End pipes

With the introduction of mechanical flexible join-
ting and simplified production technology due to abse-

. ing and extrusion at tremendous pre:sure, Measured ex-
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nce of any socket or bell, the plain end cylindrical
pipes are becoming popular. The plain end pipes alter
being extruded by avger, rolls off horizontally from an
off bearing machine and trimmed at each end, turned
up on end and group:d un p:rforated pallets. Pipes are
made with their own rings which are removed after
firing. The pipes are loaded on horizontal racks for
transportation to dryers by lift trucks.

In Canada, mostly pipes of diameters 4", 6", 8",
107, 12" and upto 36" with increments of 3" are prese-
ntly being manufactured but the predeminant sizes
manufactured are 4" sod 8", The Table below gives
some details, such as outputfshift, wall thickoess,
length and type of extruder employed for pipes most
commonly wanufactured”:

o the past (upto late 60°s) it was the practice to apply
interior spray glazing in clay sewer pipes but this has
been complétely dispensed with as it is regarded uone-
cessary due to smooth finish resulting from fine grindi-

perimenis have shown that for clein new pipes, unglazed
pipes were bydraulically smoother than salt glazed pi-
pes 4, Firing in modern kilns to complete vitrificati-
on is also a-major contributing factor to eliminate gla-

zing of pipes in which porosity is almost . nil.

The output and quality of the product from mo-
st pipe machines has been considerably improved in
recent years aod ooe of the contributing factors is
the iocreasing use of mechanised and auvtomatic han-
dling equipments. The heavy clay industries, parti-
cularly pipe industry, is encountered with complex

DIA OF WALL ouTPUT LENGTH TYPE AND DIA.OF |
PIPE THICKNESS PER SHIFT OF PIPE THE AUGER EXTRUDER !
{ Inches ) ( Inches) { Feet) (Feet) |

4 0.625 . 7500 4 f
HORIZONTAL EXTRUDER

8 0.750 5000 4.6 . i
13 INCH DIA, AUGER i

10 0.845 4500 5.3 i
12 0.937 3000 6.3 VERTICAL EXTRUDER !

18 INCHES DIA

15 ! : '
1.5 2500 6.3 AUGER. ?
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handling of materials and products. During manu-=
facturing, the ware must be handled from the for-
ming station, through the dryers and kilns and the
unloading and packaging departments. Although so-
me of the rquipments have been customized to the
paiticular operation but in many instances equipm-
ents thal have proved successful in otber industries
are in use., Most of the finishing and handling eq-
uipments used are operated pncumalically, electrica-
Jly and hydraulically. The trend is towards elect-
rically operated equipments since it is easy toapply
modern electronic techniques and precision controls.
A majority of these equipments operale Wwith vac-
wum pick ups. Where extrusion is soft, pneurat-
jcally operated grabs are applied but these are con-
siderably slower than vacuum type pads.

2.4 Drying and Firing of Green Pipes

Heat is the key medium for malturing heavy
clay products and ifs application is the heart of
ceramic process, Some manulacturers
have primary objective of speed-firing 8s fast as
possible, Others concentrate 0D reducing labour co-
sts by automating product movement, Still others
focus en the lowest possible fuel consumption, But
the lo-
west net cost of the ,delivered product. In order
to achieve this objective many innovations have ta-
ken place and are continuing in drying and firing

ceramic

the over-riding consideration is achieving

* segments of production process by -automatic seit-

ing and unloading of ware, more uniform burning,
greater use of waste heat apreducing the rejects.

To assess and guide the clay sewer pipe industry in
USA, an investigation® was carried out by IIT Rese-
arch Institute, Chicago {Spounsored by National Clay
pipe Institute, USA) to compare energies required to
produce pipes of different materials, The investigat-
ion was intended to encompass the various fabrication
process including the raw materials and concluding
with yard storage or stock piling of finished products
in a form ready for shipmeat to customers.

Result of this is given below (for 8” pipe) @

Material Energy (BTU/Ft)
PVC (Poly-Vinyl chloride) 146160
ABS (Acrylonitrile-Butadiene- )

Styrene)’ ' 92820
Cast Iron 523000
Conorete 72960
Cement Asbestos 279980
Clay 77685
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It was concluded that fuel is the major source of

. energy. To improve overall energy efficiency it is es-

gential to have better combustion, more effective insu-
lation from heat loss or transmission and also trappi-
ng of waste energy from the kilns for recycling it to
the dryers,

In an sutomated plant, the moist pipes are dricd
in large heated rooms kept at 150° F (holding rooms)
under controlled conditions of temperature and humi-
dity. Moisture should be removed as quickly as possi-
ble slthough iu case of large diameter pipes it may take
310 7 days. Pipes are loaded on kilo car in vertical
position with bell or socket, poriion up. Optimum use
of space on the car is made by nesling smaller pipes
inside the larger pipes, From holding room the pipes
are transferred to tunnel dryers and dried at a final te-
mperature of 300°F, Tunnel dryers are also used for
drying 4” dia. plain end pipes in horizontal position.
The pipes are loaded on dryer racks and stored in hol-
ding rooms. As required racks are pushed ioto the
tunnel dryer, heat is supplied from inclined burner and
with the help of pumber of recirculating fans the air is
forced through the greenware horizontally.

Batch type dryers are especially employed for dry-
ing large diameter pipes and fittings. The room dry-
ers are loaded two high by lift truck, Heat for diying
ia supplicd from cooling kilns and combustion chambe-
rs when required. The.air is recireulated through the
dryer by fans which blows in warm air at the bottom
and takes it off at the top, Waste air is continuously
released through the stack.

Ino modern plants several types of kilns are in use,
the chief types being tunnel and shuttle or periodic ki-
los.- For high capacity and efficient production fully
jostrumented, panel controlled tunoel kilos are invar-
jably used for the firing of clay pipes of almost all siz-
es. When flexibility becomes prime concern, the shut-
tle or petiodic kilns is the best choice. The shuttle kilns
keep the tunnel kila funning at its most efficient rate
and cycle by taking hard to fire, or small order items
out of tunnel kilns, In periodic kilns the firing cycles,
varying from 2 days to 6 days, is designed for the spe-
cific product rather than a compromise cycle dictated
by tunnel kilns. Most of the plants use Swindell Dre-
gsler, Harrop tunnel kilns and Bickley Shuttle Kilos
fired with natural gas, oil or a combination,

The greater portion of smaller sizes of pipes are
fired in tunnel kilns % The dryware is set on tunnel ki-
In car (8’ wide x 10’ long) and scttings aro 4 and ¢
high. The cars first coter a reheater and heated upto
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300° F. After preheating the car is pushed into kiln, -

where it passes through zones of increasing heat and
vitrified in firing zone ata temperature of 2030 to
2320°F. A tunnel kiln fired with natural gas employi-
ng high velocity burners has a firing cycle of 40—46
hours, both the attainment of maximum temperature
and cooling share this time equally. The cars are deha-
cked manually and palletized on return  tracks,

The periodic kilns are used in firing larger diameter
pipes and all sizes of fittings. New shuttle kiln design
that combines highly efficient fiber insulating refracio-
ry lining in a lightweight steel shell structure with full
down-draft firing, has been very successful in the
clay pipe industry. By baving total control of the firing
cycle, the modern periodic kilns are equipped with late-
st controls and instrumentation such are computer syst-
ems and microprocessors. As reported above 8" sew-
er pipes are now being jet fired in precision “Bickley
Shuttle Kilns.” In a 50 hour cold to cold firing cycle,
80 tons of top quality pipes and fittings are produced®,

3. Jointing of Pipes

Vitrified clay sewer pipes are jointed usiog bo-
th flexible and nonflexible joints, The basic requi-
rement for jointing material is that it should be
chemically resistant aond stable. The traditional po-
nflexible jointing materials like cement mortar and
" precast bituminous strip has been completely disca-
rded. At present flexible joints are universally used
due to inherent advahtages, both in installation and
maintenance, as it permits sufficient flexibility in to-
rsion to allow considerable angular movement and/
or axial misalignment between the pipe ends, Di-
fferent pipe manufacturers have marketed a number of
mechanical couplings for flexible jointing of pipes,
both socketed and plain end.

a) Jointing of Socket and Spigot Pipes

The socketed pipes are jointed by socket or
bell ends formed on the pipe in which usually a
resio cast lining is made forming the interpal dia-
meter to a standard size. The spigot end of (he
adjacent pipe is inserted into the socket and a
rubber ring is used to form a seal between the
resin sleeve and the spigot. The rubber ring mu-
st be of standard section to accomodate the range
of manufacturing tolerances of the sockef, the resin
sleeve and the spigot, The most popular ;coupling
developed by different manufacturers used for joi-
nting these pipes is usually of “(" ring or of

iy S
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other configuration. One of- thete, marketed by a fi-
rm bearing trade name “Roll 0 Mate’’ is descri-
bed below.

Roll-0-Mate Joint?

It is afield applied joint (Fig. 2) for socketed
pipe consisting of clastomeric sealing- ‘0 riog

‘when applied to the spigot end of ihe pipe and

which after spigot is pushed into the socket,
will form a seal between two clay surfaces, From
engineering stand point, Roll-0-Mate design has
all the sealing characteristics of an ‘0" shape plus
the  roll-over-and-lock advantage, The positive
audible lucking action is clear assurance of a tight
seal. It hes eliminated time consuming check backs
and uocerfainty, This type of joints are being used
upto 15" diameter pipes. It does not require any
grooves, adhesives, lubricants to put in place or to
bold in place (socket). This type of gasket gives
sufficient flexibility to move pipe for lateral align-
ment or to raise or lower for grading without its
coming apart. i ‘

b)  Jointing of Plain End Pipes

The socket or bell has always been considered
the weak point in a clay sewer pipe line because
of the every present possibility of damage from ha-
ndling and installation in addition to problems ari-
sing during manufacturing stage. To overcome these
difficulties, plain end-cylindrical pipes connected by
an injection moulded plastio sleeve incorporating a
small section rubber seal at each end were introdu-
ced. This type of joint hag many advantﬁges for
both maoufacturer and user such ag elimination of
socket forming process resulting in increase in pro-
duction rates as well as reduction in rejects, lower
breakage rates at site, easier and foolproof jointing,
and all pipes can be cut and cut ends jointed,
These advantages fully justify the cost of special
flexible coupling for the plain end pipes. The two
main types of flexible couplings for jointing plain
end pipes marketed by maoufacturers in their trade
names are.

i) Flex-Lox Coupling?

This system of coupling (Fig. 3)includes a prefo-
rmed PVC collar positioned on one end .of the pipe
and a moulded band of urethane formed on oppo-

.. site -end.  Field installation is by fricliqln‘ ﬁl‘ of ure-

_thane band to PVC collar, permitting the ends of
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pipe to come together forming an all clay ioternal
line, The connection is fully supported by the rigid
clay pipe body which eliminates any of the problems
associated with flexible conduit, Pipes from 4 to
|5 diamoler are manufactured with  this type
of coupling. Automatic equipment bandles the pipe
und pours the urcthane on a mechanised turn table
after which they are packed and put in yard storage.

ii) Plain End Flexible Rubber Coupling?

This is a flexible rubber coupling for plain end
pipes which was marketed only after years of ext:
ensive research and testing, This coupling is exte-

. - nsively used with complete success on all pipes from
. 4 1o 27" diameter. The plain end coupling (Fig. 4)

consists of an extruded synthetic rubber collar(2) inc-
orpn_rntiug two hollow rubber'tubes(3) vulcanizel into
circular-section, sized to fit over the outside circ-
umference of the pipes to be joined. Through the

"hollow tubes pass high teusile stainless steel bands

(5). Bach band is securely atiached to the reinf-
orced plastic head(8) at one end, while the other
end passes through and crimped over the flat sec-
tion of the silicon bronze bolt (with nut) (9). This
bolt is contained in the head cavity or slot, along
which it is free to move longitudinally, When the
nut is tightened, the bolt is pulled forward. induc-
ing tension in the band, and thus compiessing the
rubber under it directly to the pipe end. Wuh both
bands tightened, a positive seal from one pipe to other
is accomplished.

4. Concluding Remarks

Iodustries in all segments of society are becoming
increasingly congerned about the amount of energy
required to produce their product by adopting app-
ropriate production technology at minimum operating
costs, Due to numerous advantages of the extrusion
process with the provision of deairing, the unglazed
clay pipes at present are being manufactured only
by adopting sopbisticated sturdily built auger ex(r-
uders., The clay pipes with internal ceramic glazing
manufactured by piston extruders have been
completely dispensed with, With the introduction
of automated kilns and shrink film packaging?, the
product in general is more consistent and of higher
quality,

Vitrified clay pipes are increasingly being used for
sewer system and other applications, With the intro-
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duction of plain end vitrified clay pipes the production
problems have been reduced. Due te absence of soc-
ket, the extrusion has been simplified and accelerated,
mechanical setting and firing perfectcd and because of
plain cylindrical shupes the breakage in stacking and
packaging has been reduced, The introduction of me-
chanical joints as discussed earlier has made great app-
eal to Users because these are relatively fool proof on
site.

1n developing countries like India, due to large
construction activities the shortage of cement is lLkely
to continue, Already some firms are producing tocke
et type salt glazed clay pipe by extrusion. The introd-
uction of plain end vitrified extruded clay sewer pipes
along with time tested flexible mechanical joints, in pl-
ace of traditional concrete clay socketed glazed pipes
and non- flexible joints, has vast potentialities,
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