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working environment and to help the viesual presentation
of fnformation, it is hoped, that this work will dring
relevant material within easy reach of the practising
architect.
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original contribution in all its empassing and the ddeas
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cupplemented by telke with coramiats, pottere, tullding
scientiote, literature survey and visits to sonme potttery
vorke cuch as the Hindusten Sanitary ware and Industries
Private 1td,, ﬁahaﬁurgarh, U.P.Coranicas and Pottery Works,
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Bome of the faetoriea surveyed by the author. Ehe‘glcasary
0f oeramic terms end the sanction formalities are inoorporated
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this discertation will provide a guide line for architects
while planning a new induetry or in the improvement of
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nade known dy the pottery imported,

1.2 DBVBLOPMBNT OF POTTBRY INDUSTRY IN INDIA

All the ancient Indian ceranic development, with
oingle sxception of the Harappan ware, were undated defore
1944 A.D. due to lack of scientific excavations. It was
Dr. R,B. Mortimer Vheeler who, aa'tho Director General of
Arohaeologwfgg%ﬁ the start of scientific excavations,

Indin 18 a very vast country with varied olimates,
geography and topogfaﬁhy. The development of pottery
during lmst %000 years, therofors has not baen uniform
in the Daat‘nvcr the country a® a whole and the eame is
briefly touched under the various psriods of h;story and

categorised asg followe.t

1, Neolithioc period « 6000 to 4000 B.C,

| Vedic and
' 2y Chalcolithic poriod ~ 3252 to 1500 B.C. %pg:r
edic
- 1Y qutvnarappan Chaleolithio
period « 1500 B.C. %0
700 8.0,
4. qunﬂsnrgan uryan snd Post-Mauryan Period
) {?00 to 322 BnG«) (323 B.C. ﬁﬂ 500 A.DJ
Be Wpta Pexiod w 320 A, to 550 t‘ubt)
6, Beginning of ~ Avound T74 A.D.
Christian Era '
T. Huslim Eunle - 999 A,D., and onwards,

8. Britieh ruls and pocteindependence, .

e

1 a) Sastry, .K‘A. and Brinivunaohari G,, Advanced History
of India. o0

b) Ansari, 2.D., Bvolution of Pottery Form and Fabrios
in India, Marg June 1961,
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1+ Neolithio Period (6000 to 4000 B8,0,)

Prior to the introduotion of potter's wheel, round
bases of pots wers firect mounlded, and then the complete
shape of the pot was made by placing 4t on the convex
surface of an inverted dowl: The saucer was turned by
ons hand and then the shaping of the pot was done by the
sther. The pottery formes and shapes were found in the
sarlient layers with no cttﬁteﬁao of metal, in the
exoavations at Brahmagiri, Sanganakellu and Nagarjunakonda
in the districts of Chiteldurg and Bellary (Mysore) and
Guntur (Andhrs). The simple pottery forms, hand made and
coarse grey in appearance were unglazed and inoluded
glodular pots with round dases and flaring lips upto 14"
size, droad lipped bowls, ths spouted pota,

2. Ohaloclithic Perdiod (3252 to 1500 B.C.)

Turing this pericd pecple made of stones as well ae
oopper (chalcos-copper in Greek) and dronse, Initially
repains of this phase wvers restrioted ﬁoiln&undvailny ares
but the iucant excavations have brought to light the faot |
that beoides the Indus Valley, the Docoan, the Malwm,
Sauraghtra and Punjab were inhabdited by the Chalcolithio
people, who seom to have survived upte 1000 B.C, Thé pots
from Mohonjodaro, Harappa, Ghanhndéro; Roaad;. Rangpur etc,
have their profiles of graceful ourves, The clay used was
uniformly levigated and firing was to some extent uniform
to produce a dull red buff, black and red pottery. Storage
jars upto 4%'«6" ht,, tumblers, beakers, dishes, perforated
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jers (for steam cooking), bowls gtc.fsera reprecentative
of o' utilitarian-vare and mostly wheelemads, The assthetic
cenge of the Barappons is revealed in the pleasing colour
scheme and a gkillful ocomdbination of geometric amd

natural forms while paiuting on pottery, These inoluded the
aninal motifs, the plant motifs and geometric motifs and
thus revenl a olose study of their environment.

5. Rost-Harappan Chaleolithic Persod {1500 to 700 B.O.)

The cersmic remains of this period have been traced in
Ssurashtra, Malwa, Rajasthan and Decomn, A dlack and red
ware (unglazed) has heen found at Ahar in Rajasthan
snd Navdatoli in Malwa, Tho ronge showed oups with short
‘stand base, beakers with durnished surfoces mmd white
colour painting, Tha firing process waes of inverted type
vhich gave the dlack (ineide) and red {on outer bottom)
pottery. Besides this thero ves also the crean-siipped ware.
Pote are coated with a thiock alip of cream to greenish
wvhite colour. These may be called the de-lux ware becausce
of their finsness and delicate geometrical designs., The
Navdatoli pottery was made from & coarse olay and was
low fired, with eladorate inxiaca treatment by means of
thick slip of reddish to pink colour vith black decoration,
The lotas, chaunel spouted bowls and storsge pots ware
very common. The ware in the Deccan wgs found at Jorwe,
Nasik, Newasa end was nostly painted. The range includes
carinated bowle, burisl wrns, spouted bowls sto. These
were fired to high temperature and from a well levigated clay.
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In the second half of the first millenium B.0. ,
throughout the Gangetic walley, the pottery had highly
lustrous steel dlue surfaces. Mostly cmanller ware, is
different from the chaloolithic ware,

It 48 called ac the Northern Black Polished Ware
(§.B.P) being slipped and s polished grey. Excavations at
Rupar, Hastinapur ond Kausambi have brought to light aishea,
bowle, knobbed 1ids, high neoked vessels, |

“ T S
Tarra Cotta wos the mediunm of expreacsion for
common people end oonaideradbls number of odjeods are
found along indunaangetiovplaina. such as the domestic
ware, idole, children toys eto, Deooratiun was with gpomatrln
cal and natural motifs, etraight lines.

. 5. Gupta Period (320 to 550 A.D,)

Buring Gupta period the pottery wvas moatly the Blaok
snd Red type; with elaborate decoration., Excavations at
Ahichehhatra Kumrahar, Vaisall and Kariem in Dardhanga
district, Bibar, Rupar, Hastinapur brings to light the use
of handis, dipas, bowle end other every-day pots. Decorations
vore achieved with horisontsl lines, animal bird motife,
rosettes eto. Well moulded terra-cotta=plaques and figurines
served to decorate house fronts and interiors, Life size
sculptures of deities were among the remarkable achievenment.,



I

Glasad pottery éppcara to have deen introduced
in India during the Muslim period with the exception of
appearance of glased-pottery among the Dravidians of South
India, According to the conjecture of some writers, the
Persian muslim potters were influenced by work of Chinecese
goﬂau in the art of glmiug and subsequently developed
this art, in Indis, The glazed pottery originated with
glazed tiles arcund first quarter of 14th century and apread
$0 the production of jare, ornamentsl waves. The artistio
potter was oalled Kuzagsr (Eashigar), The glaszed ooloured
tiles (Persisn tiles) were used t0 adorn domes, palaces
forming a durable and almost pommn'h gurface treatment,
| The glazed encsustic tiles excelled in colour, and
design and wers mainly produced in S5ind, Multan and Punjabd,
The tomb of Bahaeul-fakk at Multan, Tantipara and lattan
moeques at Gaur in Bengal, pnlace of Raja Man Singh at
Gwalior, lLaohore fort, Wasir Khan moaguo at Lahore are gome
of the imsar‘kablu examples with decorative use of glased
sncaustic tiles. | | |

Throughout the pericde from Chaloolithic to 18th
century A.,D., the pottery was mainly utilitarian and for
‘ocommon man with exception of the development of glazed
art vare, Some of the forme and shapes have survived
to pregent day and also-ie being fadriosted in some of the
modern pottery industries, |

8+ British Rule mnd Post-Independence Period
The earliest pottery factory mamufaocturing glazed



vitrified articles was established by M/S Burn and Co.,
Faniganj in 1860, The first porcelain factory vas started
4n 1860 at Patharoghatta (Bhagalpur district-Bihar) whioch
produceéd a high-quality table China bt closed shortly
afterwvards, The Bengsl potteriee Ltd, was estadlished in
Caloutte towards the beginning of this century. The firet
stoneware foctory was started at Than (Kathiawar). With
groving demand for péreuluin\and eaéthenvaxa, other
faotories soon came into existence and today there are about
500 units (0f both omaller and bigger nature) all over
India and the total installod ocapacity of the industry
is over 1,00,000 tons/year st prement, |

Figures 1.2-1 $0 l.2«4 indioate the form of pottery
during verious periods. o |

1.2.1 Some Iden of Present Froduction

The group covers a wide variety attpra&uete as
olassified in previous chapter and the following tabdle
indicates a steady growth of various pru&ubte during the
last four yeare,

2

dable=).
see page-9

3. Govt, of Indla- Annusl Neport 1071-12, Direotorate
General of Technological Development, New Delhiell.
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In the second half of the first sillenium B.C, ,
throughout the Gangetio valley, the pottery had highly
dustrous stsel dlus surfaces, Mostly smaller ware, is
ifferent from the ohalcolithic ware,

It ie¢ called as the Forthern Black Polished Ware
(NeB.P) being slipped and a polished grey. Excavations at
Rupar, Hastinapur and Kausambi have brought to light diehoa,
bowls, knobbed 1ids, high necked vessels,

b AR ER TR .6 08 322 Buos to B0 AD
Terra Cotta was the medium of exprescion for
common paopxa end considerable numbsr of objects are
found along kdo-Ganmtic plaine, such as the domestic
wars, 1dols, children toys ete, Decoration was with geonmetrie
cal and natural motifs, straight lines,

. 54 Gupta Pericd (320 to 550 A,D,)

During Gupta period the pottery was mostly the Blaok
and Red type, with eladorate docoration, Excavations at
Ahichchhatra Kumrahar, Vaisali ond Kariasm in Darbhanga
district, Dibar, Rupar, Hastinapur brings to light the use
of handis, dipas, bgwla and othexr every-day pots. Decorations
were achioved with horisontal lines, animel bird motife,
rosettes eto, Well moulded terra-cottawplaques and figurines
served to decorate house fronts and interiors, Life size
sculptures of deities were among the remarkable achievenment.
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6+ Beginning of Christian Bra (around 774 A.D.)

India developed extensive trade aontacts with the
vestern world arcund this period, As a result;, ths pottery.
shows Roman influence which 1noiud‘d awphora {(oylindrioal
pot with 2 handles used for importing wine from Rome),
rouletted krrulino and red polished ware. The rouletted is
a fine black«plippsd ware with a aeuoratéd pattern, drawing
by a machinelike contrivance called a roulette. The Red
Pdlichoa ware is remarkable for iis surtacé treatment and
purity of Glayg ﬂiﬁh}a bright red and turnished slip end
includes sprinklers, cups, bowls,

T+ Mumlin Persod [after 14th century)
| The pottery during this period can be classified
under following headss= |

1. Unglazed or tarraacoita pottery,

2. Painted and varnished dut unglased pottery, and

3« GQlazed pottery.

The unglazed pottery was mainly speocialised at
Bhawalpur, Aligarh with designs imprinted or fncised over the
holf-dry surface, The colour was imparted by ocoloured earths
such as ochre, chalk or talo and fixed by firing.

Painted pottery had attained greatest repute at -
Jullandhur, Hnbiarpnr. lnoknow and Sargersm, The colour .
was given after the pottery was fired. It inoluded the idols
and statues, The work of potters in the togb of Shershah
at Sarseram (1545 A.D.) stands as a remarkable example.

Thirteenth century narked‘thn besginning of Blue Pottery cﬁn
Khurja.
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Glased pottery é.ppom to have besn introduced
in India during the Muslim period with the exception of
appearance of glaged-pottery among the Dravidians of South
India, Acoording to the oconjecture of soms writers, the
Persian muslis potters wero influenced by work of Chinoese
gottorn in the art of glming and subsequently developed
this art, In Indis. The glased pottery originated with
glaged tiles around first quarter of 14th century and spread
30 the production of jars, ornamental wawves. The muuiz
potter wes called Kuzager (Eashigar). The glazed coloured
tiles (Persimn tiles) ware used to adoxn domesn, pnlaces
- foraing a durable and almost permanent gurface treatment.
| The glaged encaustic tiles excelled in ocolour, snd
design and wers mainly produced in Sind, Multen and Punjad,
The tomb of Bohaeul-Hakk at Multan, Tantipara and Lattan
moeques at Gaur in Bengal, palace of Raja Man Singh at
Gwalior, lLahore fort, Wamir Khan mosgue at Lahore are sone
of the i‘emax‘kabh exanples with decorative use of glased
encaustic tiles. | “

Throughout the pericds from Chalaolithic to 18th
century A,D., the pottery was mainly utilitarian and for
‘ocommon man with exception of the development of glased
art vare, Some of the forme and shapes have survived
to present &ay' and also-kec being fadriocated in some of the
modern pottery industries,

8, British Rule mnd Post-Independence Pericd
The earliest pottery factory mamufacturing glazed
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vitrified articles was ectablished by M/3 Barn and Oo.,
Raniganj in 1860, The first porcelain factory wae started
4n 1860 at Patharaghatta (Bhagalpur district-Bihar) which
produced a high-quality table China but closed shortly
aftervards, The Hengal potteries Ltd, was estadlished in
Caloutta towsrds the beginning of this century. The firet
stonewnre factory was etarted at Than (Ksthiavar). ¥ith
groving demand for porcelain and carthenvare, other
factories soon came into existence and today thers ars about
500 units (of both smaller and bigger nature) all over
India and the total installed capaocity of the indusiry
ip over 1,00,000 tons/year a% present, |

Figures 1.2~1 $0 l.2=4 indicate the form of potlery
during verious periods. |

1.2.1 Some Idea of Present Production
The group covers a wide variety of 'producta as
classified in previous chapter and the following table”
indiocates a steady growth of varioue produots during the
last four years,
| Table=)
see Pagae-9

T Oove, of indis- Annual Report 197dw-i<, Directorate
General of Teohnological Development, New Delhiell.
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Producte _ Lm—»u;.”tm Y
1. Ssnitary ware 12,132 12,432 12,762 14,361

2, Insulstors 1L.T. 1,240 1,842 2,259 2,259
Bqu 15.280 15,640 15"33 . 1?’865

%+« Crockery _ 11,417 11,993 1?,‘69 17,700
4. Glamed Tiles 14,080 18,572 19,639 20,642
5. Stone ware pipes - 19,790 25,542 34,612

6. Stone vares jars - 7,705 4,728 5,885

1.2,2 Statewise Distridution of Pottery Works manufacturing
sgnitaryware, orookery, :lnaulatar:i glaned tilds,

stoneware pipec, and Jars, chemic procelain
Table No. & e
State : nn. of u;;;s
moludiﬁ

— ~ small scale unite)
1. Andhra Pradesh 8

2e Bilar . 6

3¢ Delhs ’ 21

4. Gujrat 22

5. Kerala | n

6+ Madhya Preadesh 8

7T+ Maharashtra 22

8. Mysore -1

g, Orissa 3

10. Punjad and Haryana 21

1l. Rajasthan 6

12, Uttar Pradesh , 310

13, Woat Bengal | 32

14, Tenilnadu

43, Dadra Nagar Hoyell L

S, Indian Induatries, Sect . V.Miningndustries ,m.noml Products

Industries, Reference Book,and Divectovy 0™ Edition, ppP.23- 25 197!
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1.5 CLASSIFICATION OF CERAMIC PRODUCTS
1.3.1 Definition and Etymology of the word ceramio
Fundanental idea conveyed by the word ceranmic is
that it is a product obtained through the action of Lire
on earth materials, It involves the two characteristic
elenments namely,
i) a produot in whose manmufacturs a high-temperature
troatpent i involved, and |
11) & product customarily manufaoturad ohin!iy Lrom
raw materials of earth origin as distinguished
from those of an orgeanic and metallioc nature,
This drond definition inoludes now, a variety of prodacts,

At one tize ths word ceramic was thought to refor
only to the art of pottery but the current nﬁaéa has
broadened the term to include all the eilicate industries.

The etymology of the tern shows that it has been
derived from the Groek word 'Karamaa‘, seaning the dbumnt
stuff, tut further this word is related to Sanockrit root
( $7-&TR-auc ) meaning 'to bake',

*Caranint® 18 a peraon who handles or controls the
blending ond proocessing of non-metal, yav materials at
high tenperature, '

'Ceramic artist' is a person who makes art objects
of ceranic materials, |

'Ceramic Enginocr"is a peraon who controls the

solentific production of ceramic ware and conducte research
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to improve the quality of suoh products and the methods

by vhich they nre made. He studies the geology of earth

end modifies the non-metallic substances of earth

origin by shaping them and rescting them with high temperas
ture, Ho 45 greatly interented in the chemistry and

physics of these materials and develops the golence of

blending on such analyais,

The present day ceramics inoluie & wide range of
products whioch can be classified as followsi~

1.5.2 Classification of Ceramic Produste

Structural ceramicss
ic Common brick

2. Paving drick

3+ Facing brick

4, Sowey pipes

5. Drain tile

6, Hollow blook

Refractories:
13, Fire clay brioks
14, Magneaia bricks

15, Silica dricks
Pottery:
19, Table ware

20. Kitohen ware
21, Art Pottery -

T
8.
9.
10,
11.
12,

16.
7.
18.

22,
23.
24,

Terra=cotta

Conduite

Roofing tiles

Flue }ining

Ploor tileb

Wall and fire place tiles

ahromite brick
Bauzite and diaspor
bricks

Speoial refractories
Sanitary Vare

Stone wore

Chemical poroelain and
stonevara,

3. Figures l.5«l to 1.3«5 dring

out

————— . —

the application of

coranics in the above uantioned fields,
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Glaso Ceramics
25. Household
26, Windows

27. Bottlen
26. lLighting

Enerelled metals ‘
22. Household and kitchen
33. Sanitary

Abrasives
36. Silicon carbide

Cements, Limes and Plasters
38, Portland Cement

39, Building, agricultural
and chemical linme

Insulation (A type of Pottery)

43, Bleatrioc ineulators

Carbon Ceramics
45, Synthetic diamonds

Hew Ceramion

48, Memory cells
49, Coeramice in space L1light

29. Opticsl glass

30 glazos, enamels, vitrum,
artificial stones

31, Quards glass.

34+ Chemical
35+ Advertizing

37. Aluninous adrasives

40, Caloined gypsum products
41, Magnesia cenent,
42, Denta) cement,

44, Thexmal insulators

46, Graphites
47, Cermet

50. Piezoelestrio produots

Some equivalent woxrde for ceramics, potter and pottery,

in other languagen, have been included in the appendix II,
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1.4 PLANRING PARAMBTERS

\henever an architect is entrusted with the design
of a building, ke is required to do so within a certain
framework of act, rules, regulations and byelaws, In the
industrial context, apsrt from the requirements of
process, he has to provide minismum standards in terms of
height, floor araeas related to thé mumbsr of ocoupants,
safety measuyen, firo pzueauticns;‘uorkera' facilities
eto. In the follovwing pages the relevant regulations
are listed and ®o alsc their effects on planning and design.
It is observed that the minimum standards stipulated by
'"Indian Factories Aot of 1948° anmd 18112561967 *Code of -
Praatice for Puilding Byelawa® aﬁd‘xatianal Building Cods!
ars not the eame and in many important aspects like ‘Height
of Chimney' there i@ no reference at all. Iikewise the
Factorins Acf makes no mention about the ‘Control of
Noise' in industriec and covorage permissible in relation
to plot area, '
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1.4.6 Hoight of Chimney

Since the Factory Act makes no refersnce sbout the
chimney height, a brief text about the materials for
chimney constructicn, foramulae for f£inding the height
and diemeter have been included for guidance. However,
it is a field of mechanical engineers snd his advice
should be sought for ito dislgng Chimmey is construoted
to create a natural draught where no draught fans or
blowers are used. snd dischargen the products of oombusce
tion at such s height that they will not bde a nuimance
to the surrounding community. With coal fuel, introducte
ion of asrbucyclenaa for soot colleation is highly desire
able to mininies the muisance, |

Principal points to be observed in design of a
chisney ars a8 f£ollowsi=
1) Height must give tho desired drsught.

11) Cross cectional area must be sufficient for
boiler lond served.,

111) Foundation must bs desigmed to support the
load,

iv}) Chizney must resiot the max, wind pressure.

v) It sust have resistance to weathoring, sotion
of heat, rain eto.

W It zmust have good internal lining of fire
clay bricks to protect the material ond prevent
excensive loss of heat through radiation.
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vii) Aeathetics of chimmey design must de given
due coneideration as it is an eye cetching
feature seen fron a long distance and fromany
direction. '

Materials of Construction
There are three principal materials used namely,

(a) Steel,

(d) Brick

(0) Connrete,

Steol chimney is tho ohenpest of all and mont
easily erected, but it requires regular maintenance by
way of painting and internal fire brick lining. It should
be braced at two-third of its height by steel ropes,
Chances of leakage are less becanse of lesser nunbsr of
Joints,

‘The brick chimney laste longer than the stssl one
and stands weathering better, It has uniform intermal
diameter with tapering outer wall, The intersal lining
~ of fire bricks should have annular space botween the

1ining and outer wall to allow for its expansion so that
externel wall remains unaffected, The ociimney section can
be square or ciroular. Chances of leakage ers more with
numerocus jointa,

| Conorete chinneys with reinforcement ara strong
and ainont air-tight for any leakage. The concrete
pernits casting to the deaired éxtormn shaps and provides
scope in the decign assthetics of chimneys. It muct have |
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internal fire brick lining,

Design of Chimney

Some formulas cdmonly used are enugerated below,
They are based on the faot that air and flue gas expand
in volume with increase of teaperature, so that the higher
the tenperature, the leas they woight per cubdblc foot,

1l
Formila Ho.l

Formula for resulting natural draught s
Du o.sazuxr(t - t) |
vhere,
D « drsught preasure, in.of water,
H = Height of chimney, ft.
P atmospheric pressure

I, = absolute temporature of outaide ai.r,' deg. P,
T, = absolute temperature of chimney gas, deg. F.

Note: Abeolute tenperature ic Pahranheit temp + 460,
For Beight of Chimney PORMULA ¥0,2° (mke unite)
he 553(&; - “:,L x i) zm of water

vhere,
H = Height of chiansy in metors,
Q_l = temperature of outside air in °x,

1. m.ggms Ahx. 'Dmught and 11:& Control, Ghaptor 16.
38 _and A ; » MoOraw Hill Book Co.

. Quentisng nic
) W 6th éa. R a e R
an, inand (W.R.) 1967, pp.202-225,
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T = average temp. of chimmey gases in °p
w = amount of air supplied per kg of fuel
b = draught seacured in mn of water columm,

For diameter of ohimney

Aw o and A-{xna

vhere,
A = oroos sectional area of chimney,
Q = volume of flue gases handled in ouw./sec.
K = cceffiolent of velocity (E=0,3 to 0.5)
D = diameter in meters,

Pormula 3° (FPS units)
Por Height of Chimmey

b= 4.2443@: - :—%— )
s

vhere, K = Hoight of chimney in Loet, above fire grate
to produce drsught,

b = draught required, expreased in inches of water
7, = sbsolute tenp, of cuteide atr n %%,
T, = mean temp, of flue gases in %
. ¥ = weight of air actually used per 1b, of fuel,

For Diemeter of Ohimay
Aw -ﬂnﬁa =
xm i

3+ Doy, K.C, Natural and Artificial Draught, Chap,X,
Heat Bngines and Applied Thermodynamics Asia
Publishing House, Bombay, 1964, Pp.267=374.




vhere D = diameter of‘ehilnoy,
A = sectional area of chimney in sft,

Q = volume of gases passing through chimney
in cusecs,

8! = height of flue gases equivalent to dranght
proulura ¢f h inches of water.

K= a.ozsfi - %5 (generally between 1.5 to 2)
hy = feot head of flue gasss due to friction.

These formulae provide some basic fdea as to the size

of chimney, its height and the draught, However,for
detailed reference use of tho booka oited in the tootdunt!
given on the praviounga suggested,

1.‘07 Sunmary
It can be observed from the foregoing tabulation

that the minimum standards in terms of facilities, heights,
lighting, noise eto. sre not the scwe as stipnlated by
Flntcflca Aot, IS uodle‘ln'ipgian context, the Footories
Act of 1948 as revised upto 1/3%/1972 1a'n¢t conpreheneive
enough and makes no rasfervnce to 1m;értnnt aspects liks
coverage, open spaces, height of chimney, noise abatement,
colour-application related to betterment of environment eto,

1511256-1967 Code of Praotice for Building- byslaws
and the National Building Code differ in many respects
vith the Indisn Factories ict of 1948,

It is suggented therefore that there has to be
better coordination between the two suthorities to come
to some common conclusions and tc makes the Factories Aot



.

of 1948 more compreheneivs and uptodate.These recoemend=
ations would then provide a good frame work( Por architects

snd engineers to work within ), At the moment, the Factorioa
'm stipulations, although insdequate, over-rule the IS
reconzendations as the latter is not the sontrolling
mxthoruy; :'tt, is learnt that the Indian Standamd Inatitution
is trying its level best to pursue the local authorities
of cities all over India for adoptation of the better
IS Standards and it has met with encoureging response from
& number of suthorities, However, a more rigorous and
integrated approach is necessary.

1.5 PROOBSS DETAILS AND DIAGRANS

A thorough knowledge of various processss is epcential
for architects who plan new factories or improve upon the
sxisting ones, The svolutien of hand-forming prooess dates
back to as far as TOOC B.C. A chronologleal 1ist of ceramic
processes ie enolomed in taw Appendix VI to include the
oarliﬁat'pmeeqsés‘to the listest ani modern omes,

The future savicages a revolution in terms of replace=
nent by antomti..q processes and modorn equipment, modern
types of kilns v;uh. controlled firing. All the factore
sust get their requisite share at the planning stage itself,
1,541 Details of Bi'oenss‘ for a Pottery Vorks
Raw Materiale | ‘

China clay, ball olay felepsr, quartz for the 'body’
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of the vare, and tn addition barium cardbonate, caloium
carbonete, sino oxide and tin oxide frit oto. for the
&lage of the wave, and f£lint balls for a ball =mill and
granite stones for the bhall mild 1iﬁing.

Out of thess, only the flint-balls, rav felspar and raw
quarts are stored on open platforms, while the rest stored
in covered ehnda._

The Process Steelfs (Figo, 1.5«) to 1.5«7)

Raw felupar and quarts are caloined in a furnaée which
zakes them drittle and thus easily oruahable. They are
washed clean with water, driod in shed on sloping plawtorna
to drain away the water and subaequantly by natural evapore
ation. These are then crushed to 1 co. size.The crushed
materials are then ground &ry in a separate ball mill to the
requiraed fineness and etored under shed, A battery of ball
pills is inotalled on a platform. Generally 4 to 5 ball
nills are run turn by turnm so thatl repairs ets., could be
attended to without the work being hampered. A dall mill
vith accemsories ocgupies abdbout B'-0"x4'=C" (2,4mx1.2m)
and requires a oiroulation space on all four sides,
Generally another platform is provided over the ball mills
and 48 used for feeding the raw materials to the ball mills
through 'feedeholss' with a water pipe and & drawoff point
over each ball mill to sdd required quantity of water,

Raw materials are weighed and sdded to the dall mill with
wvater and the miil set for rolling after closing ite

month, The intimate, slurry like body-mixture formed therein
10 called ‘SLIPY,
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After the necessary poriod of milling, the slip is
run out into a ‘blungar"(nceommodsteﬁ vithin the platform
height provided for ball mills) having twioce the capacity
0f & ball mill and the slip is thinned to required
coneistency by addition of more water, (China olay is
generally added in the blunger), The thinned slip is then
pesced through a ‘vidbrating sievo! snd the ‘'magnetised
6hann01 into an ‘agitator', having three times the capacity
then that of a dlunger, Generally the agitators are in
duplicate o that whilst one is being filled, the other
one is connsoted to the tilteé press., The slip from the
agitator is drawn into chambers of the filter press,
vherein the 'body' is retained in the cloth chambers and
wvater is expelled, vhich flows into a retaining tenk-
generally thn#a ars two aﬁch tanke, excesc water pumped to
the storage while the remaining 6lip 1s agein paesed to the
blunger, |

The *body cakes' from the filter press are then
stacked on a table-platform situated between the filter
press and the dewairing pug mill, These cakes are fed into
the de-airing pug mill, which delivers the de-aired ‘clay
rolis' at the other end, These clay rolle are-

(a) sliced into thin bats for making saucers snd

(b) used as ouch for making cups, mugs eto,

(c) The body cakes from the filtsr precs are directly
used for making ‘casting slip!, im a blunger located in the
casting section. Kettles, sugar pots, milk pots, spouts,
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1ids, handles { and the sanitary wawe) are made by the
casting process by using the plaster of paris moulds,
Xettles oto, are finished here and their parts joined,

(d) Saucers, plates and shallow vire 1s formed
by jiasgering operation, and finished by zcttling eto,

Finished vare of all types, is then placed on
vheeled racks and sent 1nto‘the varm air dryers, Yhen
'bone=dry', the racke are whesled into a small ‘dlowing
chazber', vhers the dust is removed by hemd blowor, the
dust being drawn up a chimney by a small exhaust fan. Man
operating must use a dustmask, The further operation is the
underglagse decoration- dons in separate spray chambers,
where the colour shades may be ‘spray-gunned', Underglaze
stanps or borderlines are done by hand on amall wheels,
Once decorated in this way, the articles are carried dy
'wheeled racka' to 'dipping-bootha' whore they are sotually
dipped into s 'glese-slip', finiched at the bottom and
again atacked on wheeled racks and carried to the losding
site of the kilv. (The 'glaze slip' e propared in a
separate ball pill in the glasing department, and reducsd
to the required consistency in a small dlunger, sieved thro=-
ugh & magnetised channel and then taken to the 'dipping
booths'., In many faétories, the bisocuiting of the wave
is avoided dut instdad the 'green~dipping is resorted to,
Biscuiting msans the firing of wawe to a lower tempcratura‘
in a separate kiln prior to glazing). The racks with
‘glazed-wave' are reloaded onto the ‘cars' in the compartments



=4l~

of fho 'firo clay' furniture. 'Cars refer to the Xiln cars'
and the furniture refers to the refractory racks, ssaggers,
supports, setters sto, epecially designed to sccommodate/
support the artiocles to be fired, These G!nl,loanoa,pill
through passing gate~ an exmot oross section of the kiln-

to snsure that the loading is perfectly done and annu&ht .

& snmooth movement of cars within the kiln.

| The bigger factories prefer a 'tunnel kiln', oil
fired, vith e 28 hours ocontinuous operation; whilst the
smaller concerns resort to the coal fired down draught kilne
& periocdic type, not requiring a continuous ‘feed! o:i
srtiocles for firing. The tunnel kiln is like a railway |
tunnel with a rail track running through its length, Wheeled
oars, with atesl chawsis, and fire olay racks are uoaed to
carry the wars through the kilns.

It is roughly divided into three parts, 1/5rd parte
preheating zons, middle 1/3rd part- firing sone (hested bf
oil btumners on either side) and the last 1/32d part=-c0oling
pone, Ihe cars snter through the preheating sons-mides, get
£ired and leave by the end of co0ling zone- the other end,
The loaded ocars ars on the outuid. railvay line and are
transferred to the tunnel line dy a Htransfer-bridge' which
runs on & short raileline at right angles to the msinlines,
Similarly the ‘firod cara' are trsnsferred to the outer
1line by another transfer brﬁas§ at the other end,

The tunnel kiln, being a continmous type remains fully
packed with the green-glazed wares and when a oar is pushed
. Oor pulled into it, a oar comes out (Guly fixed) from the
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other end. The fized and cooled articles are taken to the
inspection snd sorting departments., Por the down draught
pertodic kilnsecoal fired, the glased ware is £41)ed in
the saggers and loaded in the kiln, The duration of the
total operation from start to finish' is about 6/7 daye.

The fired ware is teken to the inspeotion and sorte
ing departmente. It is dressed, sorted out and packed or
stacked in warshouse, Packing material is the rice~husk,
jute, string and cardboard cartons or wooden crates., 'Fire-
precautions' are necessary here.(when there is the overklase
decoration, the fired vars ie# decorated and fired again
in small electrio kilns at lover temperaturaes to fuse
the decoration with glaze, Hersafter the packing/sorting
48 sinilar to the above.

1.5.2 Schedule of NachineryiPottery Industry

Department: S1ip House,
Hachine/equipment Approx. sigze,

L{or @) B H
Veighing bridge 41-0% 40" 25 4
daw crusher 46" | 3 £t. 4 £%,
Goﬁinel grinder | 6%-10¢ 4l £L,0 -
Washing machine 6 to 15 ft. 4 to 6 .9 -
Ball mill 3¢ 62t 2ftto Bt -
Edge runner mill 4 to 10 £t.9 - 3 to 4 %,
Blunger 5 to 6 £t.9 - 5 to 6 %,
Punps varying sizes as per H.P.
Sieve (vibrating) Sto6ft., 3 to6ft3 tod tt.

Magnetio separator 4to62t., Ltokee -
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Machine/Bquipment Approximate size
L (or 9) B H

Agitator 4 to 6 £t,0 - 4 to 6 t%,

Filter press 82015 ., I to 4 f£¢. 3 to 4 £,

Deswairing pugenill 3 to 18 ¢, 3 ft, | § to 4 £,

Bat nAcine mathime 2 f1. 218, 24 1,

Throving 2 28, 226, 2.

Jiggering , 4 to 6 £, Stod £, 228 to 3 £,
Casting tables 3 to 4 2% 1 to 2 £%,

’ wide

Vheols for finishing 2 to 4 £8. 2 to 4 ft. 2% f%,
of wares, grinding L
wheels

Spreaying cubicals 4 to s‘ft. 4 to 5 1t T £¢.

DRYING AND PIRIKG SECTIOH
Dryers' (for wheeled raocks) 20 t0 6 to 20 £t, 8 f£t,

_ 80 £,

Tunnel kiln 100 to 405 ft, 10 f£t, 8 to 10 ft,
- Down draught type 6 to 30 ft.6 8 ¢ - 8 to 10 f%.

Rlectric kiln for B8 £¢, 8 £t, 8 £t.

dscoration {after <

glaze) |

Wheeled raocke 526, 2B to3fe. 4 L,

Kiln cars exd As per tunnel kiln seotion.

transfer cars
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CHAPTER IX
PHYSICAL PLAMRIRO

24) PHYSICAL PLANNING CONSIDBRATIONS

~ Architects who undertake the design of factories
are faced with considerations quite dit!ariﬁt, in many
reapsots, from those to which they are sccustomed in
ril&t&on to usual practices and literaturs. In industrisl
context, it 48 the funotion which 18 the predominent
factor and the architect is required for providing a
suitable envelope, corelating the functioning of units in
Q sequence and coreating an enviroament conducive to work
and production along with ocare of the workers. He ahauld
work in close collaboration with specialists iiko_o@rnmic.
struotural, mechanical and electrical Engineers so that the
working of plant is satisfactory from all the angles. With
the chenge in social attitudes, working conditions for
employees form an important consideration in terns of
physical environment and faoilities, and in providing these,
architect asanhe? a new responsibility. Planning cen de
resolved into two major divisions, nnmaly the &) site
plaaning and 4i) the plaaning of build&nga. Site planning
has not been lncludad in the scope of this dissertation,
however the factors affecting the selection of site and
the relevant checkliat are included in the appendix V

and 11 respectively as guide lines.

2.1.1 Planning of Fsotory Buildings
A manufacturing plant can de physiocally divided
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into six major activities and requires, Various kinds
of facilities in terme of buildings and equipment. The
six major divisions arei
1., AMuinistration area snd security,
2, Manufooturing area (production area)
3¢ Anocillory facilities required for the production,
4. Welfare faoilities,
5+ Special requiremento,
6. Miscellanecus requirenents,
Theae droad divisions csn de further subdivided into
othor requirenents and have been tabulated to render the
‘reference at & glance' easy. (page 46)

2,142 Basis t&r Planning
The factors mentioned below provmdu nzooeaary basis
for the gensral plenning approach,
1. Munotion |
Parposs of a fectory building ie essentially the
production of goods. It must houde the sanufacturing
squipment, its operational staff which in turn enables
that equipment to function efficiently,
2, -Straight line production |
refers to various departments for successive operations
located in such a way as to effect a simple and direct
production flow, so that the croes flov of matérials will
be reduced to a minimum, There should de no crossing or
retracing of the produotion line with consequent congestion.
3. Plexidility
A departmental layout sufficiently elastic to permit
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rearrangenent in asccordance with changes in productione
nethods orlcxpnn-ion of departments without disorganising
the exieting scheme, is indispensadle,
4, Column Spacing |

Interior colusn tpacing‘ should be as far apart as
econonically possible, to allow for free location of
maohines and ocause the least interference with the transe
portation of materials.
S+ Properly located faoilities

Staircases, looker rooms, toilets, washrooms, reste
roons, taué‘ts; washrooxms, rest-rooms, drinking-water
fountains, oreche, canteen etc, located wvhere they best
sexve the purpose and do not interfere with the flow of
production, |
6. Floor finish and the envelope

Clear ceiling heights adequate for the work performed,
valls and roofs strong enough for loads and thermal perfore
mancej floor finishes best suited to the procese,
7. Gonducive - Buvironment

To be provided by adequate lighting and ventilation,
colourful surrounding, appropriate finishes, dust free
air, acoustice etc, with due consideration for the orntaw
tion. |

8, Physicol and peychological communiontion

The walls of the main work areas to be free of
enolosures by storage or staff cabins, #o as to estadlish
physical and psyohological communication through openings
vith outside, These openings will mot not only as visual
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rest centrea and provide acoustic sbsorption when -

open, tut also promote the air movement so necessary for any
pottery works,

2,1.5 Production Capacity

In practice this capacity is decided :gaxgiing into
conaideration the demand for the prupoﬂo@‘gvailablo financial
resourcesa, development in phaaas, ooqncmic feanibility and
the final target of production i.e, the future expsnaion stc.

Bosed on those complex considerations, the arochitect
is driofed about the total &avblopmcnta It 15 once again
otreased that a faatoxy daeign is not a one-man job but a team
wark of o:por%a 1ike ceramic engineer, structural and meche
anion) engineer, illumination engineer etc., and the betier
the coordination by arochitect the better would dbe the end
product,

The coramic engineer worka out the number and types of
nochinery and equipment needed, the nmumber of workers all
related to the produotion in terms of a certain predeter-
pined tonnage/day. Yorking, backwards and analysing the
requiremente of various raw materials, their storage eta.
can be found out, Architect should olaseify this information
into various departments of the production area and list out
the schedule of aachinbry, equipment, the number of workers,
ancillary and related arons for each of the departments. It
nay bs mentioned here that in the main production area,
there are no watertight compartments btut areas are alloted
for specific types of work. It 4s the sequence and coerelation
of one department to another that will ultimatelylead to an
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afficient production line,

Actual size of every department 4s ultimstely related
to the production capacity but scme amount of future expane
sion should be inbduilt in the plan itself, Areas required
by various machinery and equipment in verious departments
have bdeen given and so also their sequence. This aspproach
would provide sufficient guide lines for architoote whide
planning a pottery industry. |

2.1.4 Production aros and the sequence of operations
Baving thoroughly disoussed and illustrated the
process it was concluded that following would be the seque

ence of various aopq.x'kmunio in the production lines

1) Raw material intake

1%) S1lip houme,
111) Making department and moulde department.
iv) Drying demmht

v) Finishing departmont

vi) Olasing dapartment OR vi) underglase decorstion
vii) Firing Department vii) Glasing
T R hecoretion fime  TH) T A Tolaing spssers
ix) Inspection and sorting ix) Inspection and sorting
x) Packing x) Packing
xi) Warehousing %) Warshousing
xii) Despatoh x41) Degpatoh.

This sequence of operation is applicadle irrespective of the
method of forming the ‘ware' whether it is by casting, pressing,



jiggering or extrusion.

i) Raw Naterials Intake and Storage

Storage dins or spaces are required for following ‘bdody’
materials, Quarts, felspar, flint balls, granite-stone,
fire olay, china clay, ball clay, plaster of palis, Glasing
materials like calcoium carbonate, barium carbonate, sinc
and tin oxides, colouring pigments m supplied in bage and
hencs require rgokod storage.

The different Sypes of clays and the plaster of paris
pust have a covered storage apacs while others nmay or may
not have a cover at the top. ﬁowwax?, for undisturded handling
throughout the year, a coversd spece is suggestod tor all

. o7 |
the materisls, sy .w-':‘ﬂ'-’{’ o, 52)%’ '
SRCELIEL BRVRY BN W Vi éﬁ\i;hn.w

A very importgnt factor is that for atorﬁ%&yﬂ,
there should dbe atlesst 4 monthe storage capacity as there
is almost no supply ot'alay diwms monsnén-

As sxplained in detail in the chapter on ‘'Handling of
Materials' there should de a minimum handling in order %o

1) prevent mixing with other materials and dirt,

1i) save the useful man hours,

It is suggected that the trucks should unload directly into
storage bdine which would have a sloping flooxr and &
controlled outlet, Vhenever materisl) is required, it is
removed through this outlet into a trollesy, whioch in turn
18 taken to weighing bridge and finally emptied into the
container of the gantry vhich delivers the same to the
ooncemed ball nikll. This prooess would minimise doudle
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handling and save time, Depending on site conditionm, the
storage bins should preferadly de placed along western
side of the unit so that the area most affected dy asolar
radiation is not used for humsan ocoupation,

11) 214p House

This is the most important department as the rav
material is processed into olay or clay slip ready :toi'
being used in the making d_eparfmant. There are & number
of machines in this section as listed delow. (Factory act
atipulates a min. of 0,90 M spaco on all sides of machinery)

Table No.4
Rachinery and Space Requirsment

&cﬁggm' " ' 'Spugs gi%gj,g_d
. ‘ and T

s) Weishing bridge Snx3mx2,458

b) Jaw crusher . eOmEImx2.4m

¢) Dry grinder 346mX3, 6mx2 4 4m
(edge runner mill) ‘ |

d) Ball mill Se6mx3 . 6xmx244m

¢) Blunger SmzImxlm

£) Pumps ae pes H,P,

g) Vibrating Sieve 2,5%2,5x2.4n

h) Nagnetic separator portable or fixed

1) Agitator 5.6mx3 ,8mx5m

¢) Tilter prees Smxdnx2,én

k) De-airing pug mill 4.5x3N22 . 4n

1) Kneading roller 5.6mx5,6mx2.4m

m) Batting machine ImxSnx2.4m

n) Retaining tanks Smxl 8mx)(8m
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¥hen machinery is plaaodjg§ side they could have
oomxon space between them. There should be a minimam of
2m clear space by one longer side of jaw orusher,
filter press and the de~-airing pug mill so that the
trolley can move more freely for transporting the
paterials to and from these machines, ESome layouts are
suggested as An fige. 2.,1»1 and 2,1«2) wherein the
gssquence of operations, area for movement of trolleys,
etc. are taken into ascoount, All storage racks to be of
timber and Just placed on floor so that they could de
shifted and ad;uhtod to the required position, Height
should not exceed 1.8 m for ense of handling. Iron racke
should be avoided to prevent contamination with cley
giving rise sudsaguently to stains over the fired ware,
514p house being molepy should be separated from the
making department by a wall upto the ceidling to prevent
the noise~transfer. The door openings should have sithey
sliding shutters or roller types as the cwing of wide
door shutters occupiea quite a space,

411) Making Department .

The processed clay from ‘slip-house' ic ehaped in
this department either hy'uasting, presaing, or jiggering.
Casting, Jjiggering and preseing thongh from a part of
ﬁaking department, they should be treated as different
seotions and areas allotted tc them should be assparate
for each, This auggaution i® given decause the clay
requzrnd.ia of different nature in each case, work planes
are not the same, Casting ssotion depends upon the type
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of product i,e. if fabrication of ware iu painly by casting
a8 in the case of sanitary ware, the slip has to be
constantly agitated defors sctual ocasting., For larger
aress, an agitator within this section is &esireble ant
this becomes a source of noise, This should be enclosed
by scoustic partitione to help the otherwise quiet making
department, For such casting as of sanitary ware, there
should be an overhesd system of DP.Ve0e 8lip lines with
draw off flaxible extonsions for casting into mowlds.
A certain degree of flexibility should be inbuilt in
the plan itself by &) providing casting benchee juet
placsd on floor, ii) No floor draine to carry bdack the
. excossive and drained off slip, dut can ds taken, instead
by p.v.¢. containers, The slip lines should be run at
‘about 2.4m ahove floor so that they 4o not interfere with
the general working of plant. Casting benches of
wood, should be of max, 0.6C m height above floor so thst
the placing of heavy moulds is ecsier and sc is the
canting. Where 'slip casting' ie unnecessary as for the
kettles, pots; handles eto,, 1t ies brought over the
casting baenches in p.v.c. containers and here also
these benches should be max, 0,60 m above floor. This
i85 useful bdbecause the workey cen lift the slip filled
container to about 1M above floor. In both the cases
their layout should be such that it allows for removal
of the releaned moulda to\drynra.coanyér‘qasting has
boen dealt with in detail in the handling of materials.

Jiggering section inoludes the jigger jolleyes,
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the throwing snd hanf shapping etc. Jiggor jolley

ocoupies a space of 5°'x3 '::2%" and atleast 1m spsce

(1.5%1x0:75m)
pust de left olear for the worker to operate on the lever

side,

Throwing wheela demand that the operator eits on
the same plane (refer filg 22-Bfor photograph) as that of
vhesl £0 that when the €lay lump ie thrown, he can chape
it with effective force. Small insulators are also
formed in this way, This s&tting gpace pust be provided
on the tadble itself on which the throwing wheel rotates,
Its height should not exceed 0.60 m adove floor for
safety Teagons. Preseing is done by sorev proascec and
space required ie similar as in the oace of Jigger jolley,
Por all these seotions, the location is logically adjecent
to the slip house with casting section the nearest of
all so that slip=carrying is reduced to a minimum, The
ancillary dopartment is that of mould making. This should
be 80 located as to have a direct link with making departe
ment. This ie particularly inmportant in respect of sanitary
ware go the mould is quite large and a constant supply
is required. For smaller items like orockery, chemical
porcelain, moulds are smaller and the mould-making
departzent i nethinq but a storage space for moulds. The
smaller ¢stablishments just purchase the nouldé. use them
and aell them dback to cement industries after the absmﬂon‘
capacity of moulds is lost, Bigger concerns must have their
own ziwuld’ making department so that the dﬁeign of the ware
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can be changed to stand better in the competition, rather
- than gbing An for standard designs. Provision of wash
and tea rooms oclose to the making deparimont is an
important faotor based on suthor's observation as follows.
In the pottery worke surveyed by the suthor it was observed
that during making of ware, workers take a cup of tea
almoot once. in every 1 to 1;/2 hour at the plece of their
work and in doing s0 consume some amount of free silica
present in these departments, This must be discouraged
by providing s tea room olose by so that the worker takes
hia tea in this room and prevents early symtomas of
silicosis., This would not reflect on his efficiency as
the payment to worker should be related to the number of
piecea formed by him. (A certain minirum and incentives
tai subsequent production).

Supervisory staff should be located betwaen the
paking and the administrative depariments separatad from
both as thie eystem has following advantages (rag.a.x;l}.
i) walls are kept free for openings, ii) future expansion
48 possible in any dirsction, 11&) Supervicory staff of
moulding, onsting, jJiggering seotions when placed together
establich beatter rapport and can jointly solve problems
rather than in isolation, (iv) certain facilities like
roading, tea or rest rooms can be shared by all, (v) Doubdle
storeyed development &s possible within the single height
of main work areas and odsarvation galleries et first
£100r permit @ better view of the making department as
such, All the three sections muet alsc be corelated to
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$ho nozt ooation of loathor drying. In cooo of caondtory
aro, tho casting apd loathor Qrying Oyoten ig conbinod
in convaoyor oyoton, vhailo for othor varo, tho Lormod
- uaro hao to bo carrdiod Loz loothor drying .

(iv) Ioathor Dryor-

ihio Adeyor conciots of o tunnol of 40%=50' longth

: (12m %o 15n)

6«8t wido and 6'«8' in hoight. Towardo ono omé of tho
tunnol, thore chould bo & provioion of dlowor room.
Conprosood and warn air 40 dlovn ond pracscod into tho
duoto carrying tho naae‘to tho dryor. This Llov of warm
adr ochould v2 4n o dircesion oppooito to that of travol
of uoro. Tho dryor tunnol ohould Do o0 loontod that A%
10 6looo to tho caling dopartment and at tho como $ro.
oapablo of taking uﬁvuntagq of vaoto heat £ron kila aroa,
In coco of Yunnol kiln, & contimouc cupply Zor tho dryoro
10 availablo, dbut in tho ecace of intornitiont kilams, thio
vora ofr oupply chenld bo ougontod by provioion of
boilor. A boilor room proviocion can 0loo bo uoed Lor

vorndng of indoor oir during wintor conson,

(v) Pindohinz

Piniohing or fottling oporaltiono oro tho moot
donzorouc sourco of dnot vhich risos to tho breathing
aono of tho oporntivoo, Homeo thio rmot Do carriocd out
in opooinlly wontilatod bootho, A% pxooont Shoco
gacilitios for such yprocomtiono do not onxiot, It io
ougnooted that bootho of opproz. l.2nxlondn be wiod,
Zhono oould Do placod 4dooloted or clonmz o wall., Boot
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location will be between the two columne so that &t
divides the fettling area from its adjacent area. Thie
is applicadble in respect of sanitary ware industry as
well as orockery, ohemicsl ware and insulators,

Stioking of handles t0 various pots is done after
leather drying. Present practice in most of the fastories
is by way of floor squatting. This has the sdvantege in
lesser damage by way of fall from & heisht and that it
requires no fumiture.

Although squatting for a longer time is a matter
of habit, 4t is inconvenient. It is suggosted that
workers should be given lov height (40 om. high) stools.

Bone 4rying

Considerations are similar to that for leather
arging. Ite logloal looation 16 next to finiching departe
ment, wvhence the articles are carried over wheoled racks
to the bons dryer, Onco they core out of thic dry-er
they should be taken toc the decoration or glasing depende
ing on sverglese or underglase decoration,

vi and viii) Glasing and Decoration

In case of sanitary ware the glasing should be
spray-glazed in the specially bduilt and ventilated
cubicals. Size of thess is l.Zmxlmx?e and nust have
atleast ln space for opcrntivné to work on {workside)
worksiie followed with a wooden storage rack, for keeping
the ware to be fettled and fettled ones, For smasller
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items, there should be a combination of spray glasing
and 'dipeglazing'. Thd 4ip glesing requires a wooden bench
of 0.60m height snd width and atlesst 1,.2M working spece,
These being woodean worktables, can de aﬂjﬂatod to any
place and pose no planning'problen. The ‘'glaze~slip’
should be preparsd in slip houee, blunged and drought to
the agitator near glasing section wvherein it i3 further
agitated before deing used, Thie agitator is likely to
be & source of noilse and henée should be enclosed with
partition, This section must have space to accommodate
the coloure-pot mill and storage of sk pigmenting
chsnjcals. | |

Da;;txan_seetion should have arrangement of worktables
of A5 cmes hts and 2 or 3 wheels for the line decoration.
These tables provide sdequate storage for brushes, pallets,
‘out print stencile' . The entire area muut ds Qaylighted

for correct colour identifioation and porception,

vii) Firing Section
This section has two possibilities.
i) Tunnel kiln,
11) Down draught kilns.

Tunnel kilns deing very long (150" $0 405°'x2,4M x2.4M)
45Kx1 228

the length of the firing pection is governed by its
size. A 15z wide boy can tske care of & tunnel kilne 2 tracks
for kiln cars and a bye~pass for sick cars.

Other requirexents are the oil-pressurising chamberas
and instrumentation room. At the two ends of the kiln there
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muot be atleast 4.52a to 6 m space for accommodating the
transfer traok.‘ A 3mx%m ospace 1o minirum for two oil
tanks and a compressor and air blower. Instrumentation room shou
nhbuld be completely enclosed by partitions to keep off the
expessive heat of the kiln.pil is eture& in an elevated
resexrvoir outside the bdulltup area and it is pumped up
from 011l tankers and goes by gravity to the two 0il tanke
for being pressed into kiln,

A tunnel kiln consumes about 2,5 tons of oil/day.
' Hence the recervoir must have sdequate capaocity (A 15 days
supply stock of 40 tons divided in two parts.). Whatever
the type of Riln there should be storage space ©losaw=by
for 1) ocaggers or fire elay turnituri, 11) Greenware
storage, and {i11) unloading of fired ware. ¥ith the
down draught kilns, storage of coal and the quick removal
of the durnt ash are important considerations. Both these
contritute to the dirt and dust and spoil the floor. A
good=housekeeping and quick removal of ash to disposal
area appears to be the only solution.

The new fastories should not g0 in for these latter
type of kilne in view of the following: i) uncontrolled
firing, 11) shortage of coal, iii) Nuisance value of coal
and (iv) Air pollution end effect on fruit-crops.

In modern context there are a variety of kilns both
olectrioally and oil fired onee and of different capacities
to suit medium and large scale production, Henceforth,

& nsv enterpriss should think in terms of kilns with
controlled firing which reduce the wastage to 3%, and
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which keep the faotory 1ntq;10r more ¢lean and hygienic,

ix) Inspection and Sorting

" he cooled fired ware is inspected, sorted out and
aone is rejectud, The fired ware is unloaded on racke,
sorted out on & work tedle 1,6mxlm and classified vare
is kept on another rack, for being taken away to packing
department. At this stage, the product, being stronger,
could be handled on a powsred trolley for faster removal
and avoid manual lifting of heavy loads, | ’

(xy24 and xii) Packing, ¥Ware-housing and Despatch

Before the product is packed, it is woighed and
checked by excise inspector, Therefore, on way tc this
seotion, there must be provision for i) weigh dridge-
big enough for trolley, ii) Room and office for excise
inspector. The working of this section should have following
sequence, a) temporary storasge, d) packing (storage of packe
‘ing material, and a smnll workshop for packing cases,
palletization, orates etc.) , o) warehousing, and 4) loading
plattbrn. Tenporary storage should have enocugh racks and
spacs between then for movement of trolley. Storage of
packing material chould de of fire-resisting materials
in view of its combustidle nature, Actusl packing can be
done on 75 om. high ﬁark tables or by squatting,out of
wvhich the former ies recommended as it cauves less inoonven=
ience., For wvery large conocerns, palletising of packing
could be considered- this has bBeen dealt in handling of
materials and products, Loading platform should be 43 in.high
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80 that the truck platform comes more Or lese in the same
plain and the loading becones easier and faster. There ‘
should be a cover over thie area at 13'«0"(4 m) adove
ground level to ensure uniterrupted loading throughout the
yoar. The moet important consideration while locating
the warehouse is that the control for cheoking in of raw
naterials and checking out of finished ware should de at
one point for esse of management and sesurity.(Fig.2.1~-la)

2.1.5 Ancillary Accomsodation
1) Tenting Iadoratory

This laboratory tests the raw materials, cley slip,
plastic clay, glazes, pigments, fired ware., Its looation
has relation to every stage of production and should .
therefore be olose to ths making department, location close
to sliphouse should be avoided as it 4is e noisy area and
would therefore the diotract the attention of chemists
and laboratory nust have acid resistant floor finish,

2) Blsotric Sudatation and Standbi Generator

Location of this otation ie as directed by the elsote
rical supply authority and az such architect can 4o very
1ittle in this respect, except meintain its basic aesthetics
in keeping with the general aoaaén.

3) Maintenance ¥orkshops
Location to be close to the making departaent so as
to quickly attend to the fault and prevent loas of production,
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2.1.6 Soms Special Requirements
Beyond the usual requirements of a pottery industry
few special requirsments are given for consideration of
large soale manufacturers while some are applicadle to
sa2ll scale and large scale ooncerns.

1) Guest Rooms

Most of the pottery works are so located that for
visitors, suppliers, dealers, inspectors ete. thers are
'no lodging facilities nearby and are therefore put to
great inconvenience. It is suggested that atleast four
guest roome for larger concerns and two guest rooms for
smaller ones should be provided to overcome this inconvenw-
ience. (Sugar Industry in Indie as & rule has a provision
for gueat rooms). | |

11) Plaster of Paris Unit

For larger sstablishments especially the sanitary
vare induetry, should have its own plaster of parie produce
tion unit required for msking of moulds, 'Sanitarywore
moulds' deing very large, consume s large quantity of
plaster of paris. Moulds after losing absorption capacity
are of no use and are then so0ld to cement industries as
rav materials. For & steady aﬁpply of moulds, s plaster
of paris making-unit ie highly desirable. Any curplus
material is purchased by smaller units in the region,
111) Research Centre

This is indispensadle in ocur medern worldd in order to
keep abreast of the latest developments in the industry,
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oreate new dosigns and patterns, for technological advancement
exploring new matorial processes and also to attend the
day-~today problems factory problems,

iv) Training Centre

This is needed as & social welfare centre to train
the workers in the art of cesting, jiggering, kiln work,
setting, glazing eta, so as to keop a constant supply of
trained peracnnel for this industry like appronticeship
progragmes in other industries,

2.1.7 Some Idea of Production and Machinery
For a 4«ton Plant Capscity Manufacturing,
a) 800 teapots, snd sugar pots

5000 cups per Gay
5000 saucers |
or
b) 300 clite + 3500 L.T. insulators/day or

¢) Half of each of & and b,

- BLIP BOUSE

1) One gaw orusher- jaw 6in.x124n,
1 ton/hour (of 3/4* siza) 9 to 10 H.P, one motor

$1)1 pan millewith granits mullers 18 HlP.
- Q¥x24* yheals, pan 4°'x1? -
1/3 ton/hour of 20 mesh « 5 HePe

‘#4) 5 ball mills-silex etone lining~
4&":4' size,

1/2 ton size/ Ball mill/day. 6 H.Ps each.
4 for body 1 for glaze + 1 sgitator,
iv) one blunger 5°' 4is.x7' deep.
Fan 20"dia. = 1 ton capacity of body slip « 5 H.P,
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v) 1/18%dia, vidrating sieve 1/2 H,P,
vi) Blectromagnet working on 110-220 volts. D.C.

vii) Rets tank/agitator 5 HeP
1026 %67 o '

viii) Eydraulic pressure pump
4 H.,Py = 350 gallons/hr,
1x) 1 filter press- 40 chambers of 32"dia,
3/4 ton in 2} hr,
x) One number deairing pug ®»ill 1Ten/hr, 5 HeP.
If shaft driving is used then 'l motor of 20 H.P, with belt
and Ariving shaft,
MAKING DBPARTMBNT |
1.12 jigeer jolleys - each 1/2 H,P.

2. 10 vheels - gach 1/2 HePo
3¢ 4 wheels for finishing each 1/2 H,P,
4, One 15 H,P, motor to run the machines,

BAGGER SECTION

1. One roller mill for mixing fire clay and grog
* 1/4 ton/hr._ 4% HoP o8

2. 1 Blunger ~ 1/2 ton/hr, 2 H.P.
3¢ 1 Rug mille 1 ton/hrs 5 H.P.
4. ) jigger jolley- 1/2 H.P,
5« One motor of 10 H.P,

MOULDING DEPARTMENY

1. One pan mill-steel millers. 24*x9*
pan 4' Qime x 212%, 3 ton/hr, S HeP,
2. Calcining Kiln for gypsum.
3¢ One motor 5 H,P,
4, One mesh- 90 Mo,
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PIRIKG DEPARTNENT |
1. 1 no, calcining kiln for quarts/felopar,

2. 3 down draught type kilns,
each 223.,7 sq.ft. + ht, of 10'-0" or a tunnel kiln,

Melin Raw Haterials required.

1. Ball olay 55 tone pem.
2+ Felspar 30 tons,

3¢ Quarta, 30 tons.

4. CaCly 1 ton

9« Fireolay 25 tone

6. Gypsun _ 3 tons

Ts Coad or 45 tone

8. eir - 60 tons
241.8 Summary

The foregoing discuseion given. some guide lines in
respect of correlation and ssquence of operations 80 as to
achieve officiency in produstion. Administrative requirenents
'ama.only spumerated anéd no special consibGeration ie
1nwn1va&v-xnbpt that the plan showld provide for future
expansion, A doudle storoyed development is coneidered
 reasonadle and logical for administrative units wherein
the rooms such az library=cumsconfersnce, could be on first
floor so ast® be quiet apd less disturded., Seourity stare
should be provided housing on the site itself so that a

round=the-clock vigil can be ensured, Some idea of production
capacity and related requirenment of mechinery has besn

given , On the basis of space requiremsnt of machinery and
equipment as elaborated in the foregoing text, planning
standards could be formulated.
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2.2 HANDLING OF MATERIALS AMD PRODUCTS

Material handling smerged as a technology during
Second Vorld Var when the acute shortage of manpover
mooted the development of mechanical handling in industry.
This wvas due to the enoreous quantities of surplus pallets
and other hendling equipment thrown by the armed foroes
‘at the end of hostilities,

It»mzsht be aofinad ae the movement of evary thinge
"the picking up and eetting down, moving in horizontal
or vertical pﬁnuaa, {or sven a comdination of the two) of
materials or comrodities whether in btulk or unit, in their
row, somi~finished or finished state', Scientific materiels
handling is now recosniaed as & vital factor in ende
cost of 411 products and services, It is therefore essentinl
that every new factory ehould de 8o dsaigned that the
structure and layout do not inhibit the spplication of the
most efficient bandling method compatible with the work
to be pefiformed. 'Handlingeconsiderations' 4o not apply
only to workshops but are egually important in respect
of raw materisls, finished productes storage, transport,
reception and deapatoh bays, '

It is important ta. note that none of the ‘stages
of production' can be divided into wator tight compart-
ments, Smooth flow of materiale and products in and out
¢f the tuilding are the 'key words' for a noderntactory.

242.) Mvantages of Bffactive Materials Handling
 The various mdvantages are as followss
1. Inorease in productivity from exieting plants and full
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use of installed capaocity,

2. Incrensed volume handled with no'manpover inorease’

3« Upgrading of jobs,

4., Delays reduced,

5. More time spent on manufacturing,

6, Reduction in fatigue by eliminating heavy-asnual
handling and transporting.

7+ Beduction in accidents and persomal injury due to
manual handling. | |

8. Time caved by faster handling (£1g.2,2-1)

2.242 Hature of the Randling,

A detailed aﬁ;«v of various ymonaéﬁs and flow
diegrams (as given in Chapter 1) rovoals that ‘the hamdling
could be ganei-auy divided into thrai stages of production,

i) Handling of raw materialse,

11) Bandling of products during formation,

111) Handling of finished products inocluding packing,

vars«housing and despatoh,

A further study of the process would bring out the
difference in the strength of products in these three stages,
1.2y in the first stage of production, only raw materials
are being handled and that these materials are not dreak=
able, In the second stage, the product, in the form of &
greenvare, is extromely delicate and must be very carefully
handled to avoid damage. In the final stage, the product
is a ‘firved-ware' and, hence, relatively stronger than
the second estage produot., These atages give a guideline
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as to the extent of mechanised handling applicadls during
each of the three atages,

22,3 1) Handling of Faw Naterials

" As already mentioned, the prinospal raw- materials
are the china and ball clays, felspar, gquarta and the
8lasing materials such ar the zinc and tin oxide, barium
and calcium carbonate, f£rit 'ato. The materinlo are
brought in by railway wagons or truck transport of which
the latter is the most coxmonly uced transport for incoming
of raw materials or ocutgoing finished product, With the
inorease in the number of vehicles on road in the transport
network, road transport is going to be more and more umed.
(ne more point in favour is that the material is only
handled once and not twice or thrice as in the oase of
railvay wagons, thus lessening the possibility of mixing
of other materials, '

In nonthxt of 'pottexry works' it ie extremely impore
tant to note that during the months 61‘ monsoon, the olays
are not quarried and hence not drought in the factory. An
adequate storage ares with capacity to hdid atleast'4 months'
cley stock i# desirable. In a number of factories, as
observed, the raw matoﬁa:.a are stored on o raised (1! above
ground level) platform wherefrom they are | tuken to the slip
house for weighing and charging into ball mills. The posfiion
of ball mills with respect to G.L. hae a consideradle effect
on rav material handling.,

1) Ball mills at floor level,
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11) Ball mills on & raised platform,

Pilg.2,2=2
144) Ball mille below the floor level.

In the first case, the charging platform goss to
& height of 2,4 m above floor and the material (weighed
and filled in bagn) is raised to this hoight by a 1ifting
ohain and pulleys moving along the ,n‘httou' cver an
I seotion (refer figure ). If th.tn trolley moving over the
I section is ‘povered', handling of materisls becones
easier and smoother, Ths charging operation/ball mill ocours
once or twice a day as 4 honrs or 8 houra' is the running
tige set for ball mille for a thorough grinding of materials,

In the sscond ossa, the charging platform is considexre
ably higher dut & similar arrangewent as in first case
could hold good and the blunger or the mixing tank is
acoomnodated in the height of raimed platform. Generally,

1 dlunger between 2 ball mills is ueuslly placed. This
helps for the grevitational flow of the "blunger-contents®
(s1ip) to the agitator. In first oase the blunger being
below the floor, its contents have to be pumped to the
agitator,

In the third case, whors the ball »ill is below the
floor level, the charging platform is in the same lovel
with that of general floor level and thus the material
oan De charged into the dall mille without being raised
and no raising arrangements arc DACEBOArY. Eavawr. ’
this advantage 45 to scme extent lost because the slip
frop slip storage hac to be pumped and raised to dlunger
2.4 m above, 'The gravitational flow' is out of question
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because of «ve level difference which wvas taken ndvintage
of in second case. Further the vorkers in the basement area
are deprived of visual rest-centres in the form of windows
and lot of absorption area will have to bBs provided to
avoid excessive reverberation of sound from the dad blank
surfaces around the dall mills,

Unloading of raw materials |

Rav materiale are brought in by the trucks or dy
railway wvagons. If railway is olose to the site, the
contents of wagon are emptied on & mattom-npecmly built
t$0 avoid mixing of other materials with it. Ao and when
- ¥equired, this can be taken to sliphouse,With the truoks,
the storage bins should be sc arrangedt that the sontents
are smptied directly into the bins instesd of on a platform
ard being subsequently carried to storage bdbines, In nany

factories the practice is to unload the materisl on a plate

form and then to cerry it manually or hy whesled racke
into the storage bins. Thie involves a dcudle handling
and wastage of man hours for the subsequent transfer of
material, Loading time of truoks with 180 oft oapacity is
epunerated to give some idea of time involved in doudble
handling.

i) olay =20 minutes, _
R e an 1 (LB S,
11) Quarts -35 mimutes, LAY g gy
ROOZXER
111) felspar = 35 minutes,

iv) Quartz or felspar = 30 minutes (if cﬁt nax. 2 size)

v) Bags of chemicals = 75 minutes (for 200 bags)
or glasing mats,

P

N

Sy ta
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However, the time taken for sudbsequent loading of bins
will be much more than above because the above tise requiree
ment 42 vhen truck stands close to the material being losded,
The arrangeaet suggested is that the truck backs up
to the storage din, opens the rear plank onto the parapet
of bin and material is unloaded directly into the din,
Farther with eloping floor and a controlled outlet, material
can be taken directly into s waiting trolley and taken for
weighing and filling into the container wherefrom it vill
be reiaed to the oharging platform,
Por deciding the height of parapet (table 5 ), a
survey of about trucks was done to inolude both the old
and new truocks ond the loaded and espty trucks. Second
precaution necessary is prevention of overdriving of trucks
and the damage to the bin walls, This can be prevented
by the tover driving tbw’ at 2loor as chown in the fig,. .2e1.2
The distance of rear vheslis to t!it- rear end governs thiae
position of oar but this varies with the truck and hurse
power, In the soat commonly used truacks with 121 H.P,.
Baving a ninizum overhang this is ’8‘«-0" 6r 1.5 M, end a
bar at 1,58 from the bdin wall will overcoms the majority
cases and would csuse no obstruotion for trucks with
digger overhang. This obeervation is based on 1 hour survey
on Hardvar road and at Nays Basar Strwet, Old Delhi, where
~during 1 hour, 12 out of 15 and 33 out of 40 trucke were
121 HePe respectively.
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Table 5 - Hoight of Truok Platform

Rem. ok |  londet/ Eelght of $ruckplat-
1. USV 6225 Mercedes Loaded a2p or
2, USV 6625 Mercedes Unlosded 45"

3, UPS 7060 Bedford Unloaded ey

4. USV 6216 Tata londed 4

5 HRA 7831 Tatn ' Unlosded 44

6. UPU 9465 Leyland Loaded. . s

7. HRA 7205 Tata Loaded 4o¥

8, USV 5325 Mercedes Unlosded 433
9. FRD 3023 Tata  Londed -
P1a¢i¢ Hardwar road neer Canal at Roorkee

Tine 4430 TuH, to 5,30 P.M. on 11.4,1973,

Therefors 1 H or J9° to 40" height of parapet with a rubber
lining at top, ie suggested, '

Drying Flatforms for Caloined Quarts and Felspar

70 render the abdove materials brittle and more
easily orushable, thess are caloined (hested) in kilne and
washed before being crushed in Jaw crushers, Once washed,
thene have to be spread over a drying platform to remove
the water, which partly drains off andpartly gets svaporated.
During monsoon, the avapération.ia almost Absant and a
warm air flow i eccential to eliminate wator ocompletely.
Por this purpose arrangoment as chown in £1g.2.2«2 s
suggested, ‘



’ = E CADE THAT 1
+ HINDUSTHAN SANITARY-WARE (s1) BULLETIN  THE DE T cHAenl

72-A
HANDLING OF
RAW MATERIALS

PAN MILL OR
EDGE RUNNER MILL.'.

A BATTERY OF
BALL MILLS =

8L e >

FILTER PRESS N
SLiP HOUSE .

SOURCE ;| RESPECTIVELY , | !
. OFFICE OF THE CHIEF ADVISOR OF FACTORIES (O.C.A F.)

@QOVT. OF INDIA,SILICOGIS IN THE POTTERY §CERAMIC INDUSTRY,
REPoORT.NOAM, picT.NO{ '

WAS . P.P 8 .19 |
, C.SI.R CERAMICS POTTERY WEALTH OF INDIA PP 87, 2.2-A




FILTER PRESS CAKES

:
BEING FED TO PUGMLLL,

- CLAY ROLLS EMERGING
ouT, .

-2

SOURCE . (RESPECTIVE ) |

« CSIR, OP-C.H:‘}PP, 20 .

. NORTON.F.H.BONE CHINA CHAP. 22, op-cit, p.P. 248 .
O0.C.A-F., Bp-Cit, PICT.NO . 5.

72-8
HANDLING OF
RAW MATERIALS

DEAIRING PUG MILL
& .

THROWING &
HAND FORMING .

&

CHAPL
2.2-B




-5 ,
A platfore laid to slope with channeles having a perforasted
tile drain bottom is recommendied. This serves two purposes.
i) Draine off water from washed material,

11) Being aonnected to air main, it effectively helps
evaporation with air current spread all over the
area of matorial, through the perforated tile drain,

2,2.4 (11) Bandliing of prodwet during formation.
Various stages can be enumerated 2o .
1) Making, 1) Drying and finiehing ond i11) glasing
and iv) firing.
It has been geen that the raw materials having under-
gone the processes of grinding, bdlunging, agitating sre
in thevtorn of a slurry ‘called’ CLAY-SLIP'. The alip is
~ passed through a filter press and the filter cakes are
fur ther subjected to de~airing ;ﬁ pug-mill and the emergent
clay rolle are temporarily otized over s« wooden rack. At
this siage the clay is ready for various "makingeprocesses',
1) roll 'se it ie' used for Jiggering and Throwing

11) rolls once sgaein mixed £ with water and blunged
to form ‘olay slip' for casting process, |
This Jiggering procese is used for prepsration of cups,
sauoers, platea etc. The following ere the handling operations
(with correct sequence a skilled worker with an asazétant
can meske about 600 pieces/day in a shift of 8 working hours)
| &+ Clay supply in the form of cut ‘Bafa' for plates
and ssucers and in roll formfor cups

be supply of empty moulds
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Ce. CATTYing away the jiggered pileces,
From now on, the wawe being formed is delicate and denpands
careful and Jjerk free handling.

'Bxplanation (Fig.2.2-3)
Yor smaller units where the mamial handling is done,

the sequence of operations is as follows,

a) mould Ay pleced on wheel,

b) Jigger lever operated

o) olay lunp thrown in mould,

d) excess olay back to olay storage, and ,

e) mould placed at A} with jiggered ware.

1 plecs ready

For second §iaca operations are repeated and A, goes to .35
At the ond of Ags the plank A i¢ émpty and bhefors Az goss
to Ag, the helper replaced plank A with another plank of
5 empty moulds and carries tha plank A' for open alr drying,
To avoid é,alm, generally 2 suoh A planks are placed with
about 10 empty noulds; each plank deing replaced with
expty moulds and simultaneous carrying away of A' plank for
drying. | .
(A'Semould 'unit happens to be easy for menual handling)
As far as possidble the removing of moulde esto. should de
done from the other side of the platform (opposits to the
operative) @o that during his movements he does not
inadvertently damage or disturd the moulde etc. being drought
from the rear side,

However with digger units the jizgered ware is
carried to dryers over whesled racks. Capacity of a wvbesled
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rack is itry large and as such a different system is suggested,

Operative himself picks up empty mould plank from
top rack and replsces the plank with jiggered wure, In
this way, inspite of a feedback from pear side there is no
risk of any damage to the artiocles or ware being formed.

Throwing
It is a process by whioh jars, some types of insulators
etc. are formed. Considerstions for handling of materials
end products are similar to that for the jiggering process.
It differs in following respeots:
i) Thrower dts on the table itself for hand shaptaé of ware,
i1) Height of this should not exceed 2'«-6%(0.75 M) for
safety reasons and esse of olimdbing,
111) once he seats himself in position he cannot be expeoted
to get up and take awsy the formed ware, himeelf.
iv) sufficiont area for seating of oporative and for stow
rage of formed ware,

Casting
Sanitaryware, pitchers, kettles, cup handles eto,
ars formed by this process and as suoh the ‘clay slip' is
the material deing handled wvhich is used for filling up of
plaster of paris moulds, Once a layer is formed along the
inner surface of mould, exaess slip is drained off and taken
for reuse while the moulds are opened to release the ware,
For smaller articles like kettleo, pitchers etc. clay slip
is brought in by plastic containers, agitated and filled
into the moulds by plastic jugs, The points given on the next page
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need conniderationt
1) Height of casting bBenches should not exceed 0.60M
(2'«0") for ease of handecasting,
11) Storage of empty moulds,
111) storsge of formed wvare,
iv) casting and releasing of moulds being skilled work
is done by the ssme person,
v)"csrréing back the 'excess and drained off slip' for
 reuse, | | '
v4) use of plastic buokets and Juge to avoid contaoct
~ with sron. |

Casting of Sanitary Vare(Pig, 2.2«4)

The articles deing of larger size, austing by Jugse
is most inadequate, The ‘alip' is oconveyed from the slip
house agitators and pumps through overhead P.V.C. pipes
sbove casting benches with flexible ‘draw-off' branches
at intervals . The P,V.C. 8lip line is erspexnded by clamps
ete, at 2,4 M above floor. Once the vare is relenned, it is
stored on racks with ‘rubder lined sponge cushioning' for
noft—oupporting the nevly formed ware, These are subsee
quently taken to dryers by placing over wheeled racka,
Bufficient (2M) space must be left detween the atorage racke
for the free movement 0f wheeled racks,. Casting bdenches
should not dbe more than 2'«J' (.60 M) in height and
should de kept free on floor so as to provide Llexidility
in their arrangement. IThis is particularly necessaxry ae it
allows proviaian for change, adoption 6! new technigues of
‘handling. |
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Drying
Por dryer tunnel, thore haa ¢to dhs atleanst
2 to 2.5M space on one side for movement of dryer cars,
Similar dryer is used for various articles and
processes of making the clay-ware.

AMoption of new teochniques et alldw for conveyer
casting system speciaclly for the manitaryware. This
requires space for

1) mould dryer about 30H long X 2.4M x 2.4M

i1) ggn::yer casting dbencheovorall length about

114) Dryer for the ware,
Mould dryer is required because the mould being large,
doss not dry quiockly and the produetion goes down unlese
a ocontinuous iupply of 4ry moulds is ensured, This
syatem ocoupies g spacs of about 15 M in one direoction,
A grid of 15Mxl1SM provides flnxibilitg for orienting the
conveyer-casting system along either axis,

Prossing |

This 415 a process for making of some types of
making of some types of porcelain insulators like cleats,
fuses, e¢tc, Raw material consists of dry nmix obtained
by drying the filter cakes to about 127, water, dis-
integrating in a du:t blower and fimally the soreening,
The dry ovix is bdbrought in plastic containers and pressed
in the dye of hand toggle ani screwv presses to form the
insulators, Semi-automatio hydraulic presses should de
be concidered as a new alternative to sorow preases,
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Pintshing |
The wars once passed through dryers e ready for
finishing. The polishing, fettling etc. should de carried
out 4in enclosures to avoid the resulting duat-nuisance,
This has been already deslt in detail under the topic of
‘Dust-Control' and hence only mention 18 made here,

Glaning

" The finished ware can be finished either by the ‘dip
glesing' or spray glasing, the latter must be carried out
in cubioals to avoid spread of the apray dots and to
promote exhaust ventilation, larger items like sanitarye
vare is spray-glazed while smaller articles are dip glased,

Mring
1) Tunnel kiln, 4i) Dowmdraught kiln,
Tunnel Kiln

Wh& glesed gresnwars is trensferred from whesled
racke to kiln care duly set on the appropriate fire clay
furniture, The kiln cars should pass through a oheckegate
(an exact cross section of tunnel kiln) to snsure ite
smooth travel in the kii, The transfer cars push them
into the kiln. The tunnel kiln being & continuously fired
type, following ccnsideration is desiradle:

1) Miniwum 2 tracke by the side of tunnel kiln to
accomnodate a number of cars ready for bteing loaded with
green and glaged ware,

11) Nanufacturing of ware is generally ﬂnriﬁg the
day shift and to meet the denmand of a tunnel kiln, the
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day shift must prepare encugh ware 0 as to be suffiocient
for night shifs. .

111) Thus by the end of day's work, one of the
tracks with kiln cars should be kept ready, duly set with
green~glazed ware, for the nighefeed,

| iv) An sdditional short side track is recommended
near both ende of kiln to remove the sick or defective
kiln cars. In the absence of this ﬁiﬂe track a siok ocar
will provide great obstruotion.

v) As a fired ware car comes out at o rate of 1 car/
hour, s small enolosure on traocks at the fired and side is
recomnonded to accommodate the juet sxrrived and very hot
kiln ocar, The enclosure should dbe provided with exhaust
ventilation and the excessive heat thus removed should be
utilised for dryers. xf this precaution is not taken, the
excessive hest given off by hot oar would cause a great
disconfort in kiln section.

vi) 4 eufficient area for atorage of the greenw
glagsed wars and the fire clay furniture,

vil) Storage of fire resisting materiale for fuele
(the furnace oil),

(11) Down draught kiin
Ih:‘ls ie a non-continuous type of kiln while, one
firing opemt&on complete from loading to unload!n; is of
about 6 days. Material and product handling should have
- following considerationas, |
1) sagger storages for settling of greenglased ware,
11) etorage for coal-used as a fuel,
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$14) rereonniongagsd in loading/unloading of saggers
should %sar a respiratory mask in view of the
duet nuisance,
iv) This type of kiln 18 only suggested for smaller
units ind future expansion must make a provision
for a tunnel kiln,
v) Immediate removel of coal-ash to the point of
disposal %o niﬁimiae dust nuisance indoors,

2.,2,5 {441) Handling of Pinished Coode

~ The waterial efter being fired is relatively stronger
and adoption of industrial trucks can be conwidered as
worthwhile. Once out of the kiln, it 48 inspected and
sorted out, Edges in respect of sanitary ware,nesd to
be protected and this could be dome by ‘paper gum taping’
the edges,

Vare Housing |
Vare housing of goode {8 a featurs of Qvtry'ﬁypo'
of industrisl building, Even in the smallest of production
units consideration sust be given to the mtorage of
rav materials, hondling and storage of finished goods.
Production and despatoh rates can nover bhe balanced,
einoe goods have to be accumulated at the various stages
in the production oycle. Storege facilities are therefore
nscescary during the whole process of manufacture,
Varehousing ocuprises the following funotionsi-
.1) Receipt of goods,
11) Safe storage of goods at the time reguired and



wBle
in sorrect sequence, having regard to the order
in which they wers received.
111)A control sycten thet will enadle these functions
to be performed.

Fachanddal Handling
Vhether atorage is short term or long term , it
i essential that provision is made for rapid movement
of nﬁter.ttla and sanse of handling, Bxcess handling of
goods may prove dangerous in view of thaii brittle nature
and 1%t adds to the coat and not value, ({oodu nay de
stacked by hand to a height of some 7'e8' (2.1 to 2.4M)
Mechanical means of 1lifting enable this height to be
inoressed upwards upto 16' (5K) compact packing requires
Jsss volume of storage and the height is almost fhlly
exploited becauss of mechanical handling,
the design of ware house is affected or governed

by the following faotore.
1. Method of storsge which can bdbe

&, #imple etacking,

b. Raocking, use of fixed racks,

O« Palletisation,

4. Inten;lockmg type (specially for sanitary ware)
2+ Bethod of Bandling

8« Manual handling,

b. conveyer,

¢+ Manually operated wheeled racks,

8. Porkifs, |

¢, Tow trucks
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3. Nethod of Packing
R. export type,
be looal
¢. diatant citiea,
4. Method of receipts or despatch
including checking, losding and unloading.

Storsge by Stacking and Racking

Storege height is limited by a man's reach- say’
upto 6'«7* (2,1M). Slotted angle rocking or wooden
racking aan;bc tailored to suit the govds. Space between
the racks is governed by the byatam of handliﬁs‘

The storage of goode on pallets is suitable for
varshousing most types cf'produaie. The advantage of
palletising is obviously graater wherc it ie possible
to load goods atraight from the packing line onto pallets
ond then to storags.

In essence a pallet is s portabls platform of
appropriate sice and strength. Pregile or irregularly
shaped goods require special pallets called post and box
pallate,

In the soheme of palletisation the following proce
edure mst be adopteds

1) select 2 suitable typo of pallet depending on
nature of naterial,
14) Selsct suitable handling squipment,
444) Depending on (1) aﬁd (41) layout of rnoka./haight.
8psoing, gangvey widths can be detormined. |

(In western context, palletised sorvice is adopted to a no,
of pottery works)
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Types of Industrial Truoks (Fig,22-57)

Thexro 48 & wide variety of industrial trucks
of Indisn mamufacture such ms Fork 1ift, towtruoks,
pali.t trucks, platform trucks, pallet stracker,
stillage trucks eto, of different carrying capacities.
Forklift truck take 1its name from the pair of forke used
for lifting the load, The forks vary in width and length
to sult the load deing oarried with generally an
extendable mast, (common height of the mast 1o 8'(2.4m)
‘and extends to give & lifting height of 12'-14'(3.6m to 4.2n).

The height and width of door openings is determined
by the height of aast (including the fres lift) for its
trcé nevemnpt within the conoerned departments. A 58
height and width is satisfaotory for ssse of turning etoc,
The width of the gangway rust depend on the aize of the
pallet and the turning circle of the truck chosen, Gangways
ars generally 11'«0'(3.3M) bdut may be reduced to 7'-8¢
(241M to 2,4M) with forkeresch trucks, Maximum five pallets
depth along walls and ten for free standing pallets is
permissible. For entirely free movement a stanchion
free aren is the bDest but this has to de weighed against
the increased cost of single span and inconvenience due
to stenchions,In American practice a 40'x50' (12Kx1iS5M)
grid is commonly employed, As already dealt in detail
under the chapter of flooring, due consideration is
necessary for the weight and trictibn of the concerned
industrisl trucks,
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£a0king and Despatoh

The packing is resolved into (i) Bxport puoking,
(11) Local supply, (441) Dietant oities,

Bxport packing for sanitaryware is done by placing
the ware in a polythene bag held in a wooden crate with
sponge cushions at intervals on all faces including the
bottom, For smaller ware, 1t is in cardbosrd cartons packed
in wooden carton with hay or paper foil £1114ing,local
supply is by wrapping of ware into dried rice hay and
tied with ropes, For emaller items it 4s in cardboard
cartons and hay packing and diatant eity supply 18 4in
- wooden cnses while aahttary ware 1s tied in gunny dage
with rice hay packing, It is reconmmended that the onclose
ure for storing the packing matorials should be of fire
resisting matarials in view of the combustidle nature of
the packing materials, For aohpatch ¢ the loading platform
should have a height 0f 43" with a overdriving bar at 1.5
from its face. A covered loading platform is suggested
for undisturded losding during all the seasons. The truock
height with load comes to 11'-0" and hence, roof should be
about 13'=0" (3.9M) above the ground level, (Fig.2-4-1b)

2,2,6 Summary

The foregoing discumssion brings out attention and
which has sffect on planning, While in western countries
the methods sre bscoming inoreasingly sophimticated,
Indtan pottery industry should alm at striking a golden
aean betwean total mechanization and total manual handling
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in viev of the followingi-

i) Any syetem of mechanised handling should be in
relation to the stage of production i.e, for raw materials,
mechanicsl handling by a power gantry is suggested while
during formation stage only manually handled wheeled
racks should be considered, During final stage of producte
(after tiring) use of industrial trucks like pallet or
stillage trucks or transloader truck is suggested, For
warehouse use of fork trucks isc suggested specially becsuse
it exploits fully the storage aress,

11) Certain processes of hand or sponge finiehing
done most efficiently by the humanesensory system shonld
not be replaced by mechanised ways ot'finishins.

111) The entire fagtory should have *SINGLE 1EVEL
PLARKING' to facilitate the esasy movement of wheeled racks
or industrial trucks,

iv) All storage rack. and wheeled rscks should have
soft cushioning as suggested,

v) No storage racks should be fized to floor so as to
provide flexibility and new arrangements should a new handle
ing method bs employed in future.

vi) A minimun of 2N space should be left between
atprggo racks for free movement of wheoled racks,

vii) Door openings in wvarshouse and kiln area to dbe
atleast 3SMx3M for sdoption of industrial truck handling.
Doors should be 8liding or roller type otherwise swing
area of wider door openings waste a 1ot of aspace,

viii) Single handling should be resorted to where possidle,
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CHAPTER-IIX
BEVIRONMBET AND ORIENTATION

Je1 GENBRAL

Basically a factory building is a shell to protect
and ran a process, Put the process neede workers who are
inoreasingly demanding detter conditicns. Good management
praoctice now has ite constituents as the provieion of
plcasant and efficient work&ng conditions, Over the last
few decades, changing social attitudes, hygienic require-
nents, mental satisfaction and fayuholegical.aop-eta have
enphanised the fact that workers have got to de considered,

Good and efficient work demands good conditions in
ofricoa,.zautories and institutions, In factories, one.
of the essentials will be. t¢ provide a working environment
which is optimal both for work and satisfaction rather than
marginally asceptable. It is oreated by the space within
the building, itc envelope and the squipment, the procees
and the psople concerned, The main constituents for the
physical environment are as followsi=

(1) Dust free and hygienic atmosphers, (ii) Hoise control,

and redustion, (iii) Lighting (daylight and artifioinl),
(1v) Colour, (v) Safety, (vi) Smoke and fire, (vii) Pollue
“tion, (viti) Beological balance eta, ‘

It 4is howover not possible to include all the adove
factors ‘dn this thesis and the scope is restricted to |
include Noise Control, Dust Control, Lighting and Colour,

Oreation of a conducive environment, lsading to efficiency,
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is actually & team work of many experts. The aim should
be the achiefement of s wellwlit, dust free and ventilated,
colourful, sccustically well designed factory.

Je«2 HOISR CONTROL

Noise 18 often defined as unvanted sound, The
degree of 'unwentedness' in hovever a physiological and
psychological question and may range from noderate annoye-
ance to various degrees of permanent hearing loss and,
will furthermore be rated to differently dy diffsrent
obsorvexrs. It is generally recognised that the overall
efficiency of human beings is consideradly higher when they
urtffir&tate& or annoyed by the surroundings. Also &
certain degree of quietnsss is o desiradle quality in
itgelf . Control of noime ic thorefore important from |
all points of view, as it affecto the very efficiency of
oan,

High noise levels are prevalent in inluetrinl btuilde-
ings, ihe amount of noime depends on the type of machines
installed and inﬂuat?ial operations carried on and alac the
way the power is applied and transmitted.The harmful effects
of excesoive noise have besn well recognised and it has deen
shown that such noise produces physiological snd psychologw
ioal a::tcta on industrial workers, for example, annoyance,
fa¥igue and loes of hearing, 'Noise~control is very pertinent
to POTTERY INDUSTRY because the NOISB-TOLERAERCE is parti-
cularly reduced with lack of oxygen and with action of
fumes or DUSTS interfering with oxygenwconsumption and
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person is from 20 cps to 20,000 ops (Herts)

SOURD: 1t is a vibration, generated by phyeiocal motion,
that imparta a to and fro movement in the air, If the wave
motion is within the audidle frequency range, it will be
perceived as sound when 1t impinges upon the eardrum and
its assocliated hearing parts.

FREQUEHCY: The oscillation of the alr causes alternate compe
ression and rarefactiona of molecules and this rate of
oscillations is called the 'frequency' of vibrations, which
for sound waves is measured in oyoles per sscond (ops) or
Hertz(Hz),

VAVBIENOTH: Sound travels through a eertain distance during
8 oycle or vibration and this distance is called 'wavelength!

Frequency x wavelength = velocity
() x (A) = C -
zgeﬁfgfgfity of scund in AIR = 1130 £t/sec,
in WATER= 5000 f£t/sec,
in £0LIDS =510,000 £¢/se0.
The wavelength has & wide range from 0,113 ft. to 70,63 2%,

POVWER: Rate at which the sound energy is spent is called
the acoustical power and measured in watts.

SOUND IRTBRSITY: It is the average amount of ascustio power
flowing through a unit area in & specified direction at a
giﬂtn point in the sound field and 1o measured in watts/
squore om or SQM. |

PITCH: It is that aspect of anditory semsation in terns of
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whioh sounds mey bs arranged on a scale extending from
"Jow' to 'high' as a wusical scale,

TIMBRB: uonorous quality of any instrument, or of a volce,.

ANNOYANCE: The widespread dislike of usrta;n gounds. The
sound causing snnoysnce will vary from one pesraon to another.
An individual mey bs truely annoyed by 4 atimilus which ie
neutral to other people, ’

TOUDNBRSS AND LOUDEESS IBVELs (Fige3e24) and 2)
and Tadle 6.

Loudness is the intensive characteristic of auditory
responge, It 48 messured in SORB and is Gefined as the loud-
neso of pure tome of 1000 ops at 40 4B above the threahold
of henring of a normal auditor. Loudness level is measured
in PHONS and at 1000 ops, the pressurs level in 4B and loude
ness lovels in phons coincide, ¥We judge sound as %o its
loudness which appears to 1no§uaae with increase in sound
pressure, A pure tone at 1000 ops and 50 4D may be much louder
than a 200 ¢ps/50 4B and even more at 10,000 ops/50 4B because
our ears are aufn sensitive to frequencies betwesn 1000 to
5000 opm.It requires an increase in sound level to make
higher or lower fraquenciez sesm as pnuch loud as tone at
1000 cps/5C 4B, -

MEASUREMEN? OF KOISB: It 48 usually measured and expressed in
terms of sound pressure level (SPL). If P is the pressure
of a sound wave, then itas SPL is expressed in deoidels as,
SPL = 20 log,, &~ 4B
10 P,
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where Fr (0,0002 dyne/#q.cm.) 1s the reference pressure
and also the lowest sound pressurs that an aversge human
ear oan perceive, The decibel is a oconvenient unit to state
the SPL and the noise reduction achieved by mcoustical treate
mont., The diastridution of noise energy over the sudio range
1.0, 1ts speatral distridution is of great inmportance in
noiso~-reduction, Fregquency grouping aommuniy used for
octave bande may generally be 37,5-75,78~150, 150300,
300-600, 600n1200; 1200-2400, 2400-4800, 4800-5600 ops (Hs).
These band levels are essential for estimating danmage risk,
loudness level and spesch interference lavel, An eguivalent
sound pressure level when adfed to an existing sound presgse
ure level the resultant SPL is inoresssd by 3 4B, exauple,
50 4B + 50 4B = 53 4B of sound pressure level,

| Table No.6°

Relation betwsen loudness, in sones
and loudness level in phons,

“Lela L 11 L ,
20 0250 65 5466
25 Ue354 70 8.00
30 0,500 75 11,30
35 0.707 80 16.00
40 1.000 85 22,60
45 1,410 90 224,00
50 2.000 95 . 45.30
55 2.83 100 64,00
60 4.00 105 . 90.50

110 128.00
115 181,00

120 256,00

2+ IS0 reconmendsation Re1J1, Bxpression of the physical
;gggsubjggtivo magnitudes of sound or noiss, Iet edition
s PPe
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Se2.2 SOURCES OF INDUSTRIAL NOISE
These oan bde olassified into following groupsi

1. IMPACT: Rofse ozused dy the impaot is the most intense
and widepread of all industrial noises, It is normally
obuphd with resonant response of the structural members
connected to the impacting surface. In pottery industry
such noise is vory rare,

2, PRICTION: HMost of the noise due to fristion &s producid
in such procesces as sawing, grinding and sanding. Friction
also ocours at the cutting edge on lathes mnd badly lube
ricated bdearings, It is very unpleasant in charsater,

%+ BBOXPROCATION: Vhere a machine vidbrates or reciprocates,
the moving surface will radiste noise directly, |

4. AIR TUBBUILENCB: Noise may be generated by rapid variae
tion in air prescure caused by turbulencs from high

velooity atyr, stesm or gases. (for example exhaust noise)

5. OTHSR NOIDBSs In sddition, there m other nolses as will
such as whining noise from turbines, humming noise from
$ransformers, noise of driving belta as they peas over
joints at the drums of driving shaft, noise of pressure
pumps in aotion ete, |

7+2.3 SudJective and Barmful Bffectoc of Koime

Exoessive noise 18 harmful to the factory workere in
following ways, |
1) Annoyance resulting in lack of concentration due to
distraction, (41) Inducement of fatigne may lead to accie
dents and to deoreased output. This is especially oo
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where the job demsnds mental concentration and visilancic
(141) Ihtirtbrenco vith speech comemnication level (SIL)
recults naking 4iffioult the intelligible comemunication
even at a distance of 1 ¥ from the source {(Generally

above 53 4B), In areas vhers the SIL is sbove 70 4B, even
the raised voice communication becomes very difficult and
troudlesome, (iv) Induntrial aoathyasg at first only
temporary (Temporary threshold shift T78) but gradually
becoming permenent (Permanent Threshold Shift PPS). It is
found that where an ostave band lavel of aantinuaﬁs noine
betwesn frequencies 1509600 o/s exceeds 8% dB the riek

of demago to hearing existe. The time of exposure to such
ngise 48 very importsnt, , (v) Noise of operation if rythee
matic is leso distracting, (vi) Noiso levels above 75 dB
result in contreoction of blood veins lending to heart
troublaa; (vii) Paychosomatio diseasas originating from noise-
sation may inolude outbursts of rheumatism, gynascologiocsl

complications and mild neurosis, (viii) High nolse levels
tend to exoite the nerve syaten end upset the normal
tenperanmont, c¢roate wesknese of muscles and may lead to

lever discases and uwlcers,

Renge of n_aone_in g 7
Industry SPL in 4B
(mean levels)
Machine tools - 8%
keather Industry - 88
Beavy olectricals - 90
Rail coach - 90

27 Mkul, Yohor, Shor', Mikta, pp.25~o8, April 1075
%+ CBRI, Building Digeet 33, Industrial Noise, Part Il
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by the author)
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(Rofor the experiment performed
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Table No.7

Comparative Recommendations of BSI, ISI anéd IS0
for max, SPL end Exposure (considered safe)

SPL Octave Exposure

(a») Band in
¢ - - (") 15))] hree. ...
British Standard,C,P.3,1960 |
Chapter IXIX, Sound Insulate
ion and Roise Reduction 85 G600 to 8 hrs/day
1200 5 days/week

Indian Standerd Institution
1913483-1965(Ro2.Pig.5.2«3) 85  6OD to 8 hre/day

| 1200 6 days/week
International Organisation | ) |
for Standariisation 85 to 600 to 5 hra/day .
87 1200 5 days/week

Indian Factories Aot of 1948 No mention about the protect-
ion from nolee : :

- N—
OBSERVATIGNS
1) For the similar SPL and frequenciss an Indian worker
is exposed for 23 hours lcnger/waek.compared to 1580 Stanl=
ards or On cumulative desis he is exposed for 1196 hours
longex/year,

11) Por the similar SPL and frequencies an Indian worker

46 exposed for 8 hours longer/week compared to BS Standards
o On cumulative basis he is expossd for 416 hours longer/yr.
111) The SPL of 85 4B for frequencies betwsen 600 to 1200cpa
itself is very high for longer exposure and requires a
seriocus reconsideration, |

tv) Octave Band (600«1200) ie chosen because of Pottery works.

3. 2.4 i
METRODS OF NOISE RBDUCTION

The level of ambient noise in a factory area oan be reduced
by following methods, dassd on the i} source, path and the
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receiver, 1) Location and laycut, iL) Noise reduotion at
source, and (111) Acoustical Treatment.

1) Loocation and layout: In pottery industry the following
processes axre responsidble for the high levels of noiase,
(a) Jaw crusher for orushing of felspar and quarts,
(b) Grinding in ball mills and shaft driving,
(c) Dry grinding in pan mills, edge runner mills,
(43 Pilter pressing,
{e) Blunging and.ngitating of olay slip,
{(£) Pug miliing of .clay,
(g) Pressure pumps, (h) Vidbrating sieve.

All the above processes csp be looated in the 'SLIP
HOUSE 'which in turn may be enclosed end sepatated by walle
from the main shop. This will generally segregate the noisy
prouvesses from the quieter ones and the conic pollution of
the entire factory could be preventdd,

(31) Noiwe Reduotion at Source:

(s) Selection of Machinery: This 4o beyond control of an
arohitect, however, cholce would largely depond on mesmufe
scturer's advice and that of ceramic engineer,

(b) Reduocing noiges from potential sourcess It is generally
observed that the mnchinery in the ©lip house is run on
‘ohatt driving' with power transmitted to the individual
machinery by driving belts over drums and pulleys. This
constitutes a great deal of additional noise when the delt
Joints pass over the drums, Similarly trolleys used for
carting of rav materials and the metal containers for



96-A
% : : |
, - 4 + Ho e m—— e - - s e ——— -
I ' ; :
l . 70 i ! : :
T T T T T T T T T T T T T
=) 1o 20 40 8o , 160 -
SOURCE DISTANCE IN FEET FROM SOURCE .
i .
‘; REDUCTION OF SOUND PRESSURE LEVEL ‘
1 DUE TO DESTANCE ONLY N .
RUBBER SHEET MACHNERY
v PREVENTING COVER OVERD c : 5
| SPREAD OF ZAND oK SAWDUST ISOLATOR PAD |
|  VIBRATIONS ., — SHOP FLOOR !
I Ko I A MACHlNé‘Ry al
5 g . AyFouNDATloJL;.'- :
BROADBAND NOISE LEVEL EXPOSURES FOR WHI(CH )
! PROTECTIVE MEASURES ARE RECOMMENDED, BY
| 15:348%-1965 .
f ; \ 3 '
7% EESS G S S O SO |
et Tt ISR S K |
3 130t  — W - T e~ RECOMMENOED MAXIMUM OVERALL NOISE —-—] |
\ : LEVEL AT THE EAR FOR SINGLE EXPOS URE i
k wn lg i ! ‘)
. - x 120 A i
' w a PN A i
QY EAR PROTECTION CONSIDERE D '
g § 1of - R g o -
W 6 bl Sl i
Q : FAR PROTECTION CONSIDEREP
oot —- - ESSENTIAL FOR 107/ EXPDSURE —~— 4. e
. 10 NOKE LiVELS A%LOVE TH’%CUYVE '
zu , ¢ @ + ¢
~; : EAR PROTECT ION CONSIDERED
90ob - ——4—— ~— ESCSENTIALFOR FULL TIME EXPOSWRE t— —
.J ' TO NOISE LEVELS ABOVE THIS CURVE D
| o ‘ —
8Ot - + - 4 EAR PROTECTION RECOMMENDED —- - ~rl
: k FOR FuLl TIME EXPOSURE TO
! i i NOSE LEVELS ABOVE THISCURVE .
| % N N S I N I R A
C 5 T5 150 300 600 1200 2400 4900 ]
CURVES A ,B 75 150 300 GO0 {200 2480 4800 Qggo F IG‘
TIME PARAMETER IS FREQUENCY BAND c/s ORHy, . g
@%ﬁi%ngg‘%V oF EACH SOURCE . I8:34§3-1965, CODE OF PRACTICE FOR. 12_3_1
< - ROISE Eeoucrlom IN INDUSTRIAL BLDGS; PAGE 10.




. .
carrying alay slip should be substituted with rubber tyred
trolleys and plastic containers respectively, Iubrication
reduces, considerably, the friotional noise,

(¢) The maohinery, spocially the vibrating type, (i.e. pumps,
compressors, sieves) ohould be laid on 'tnélatorn’ which:nay
be of resilient materials like eteel in the form of springs,
rubber, cork and felt, However the exmot material related to
vibrations can be dea;ded by'a mechanical enginesr. However,
the 'machinery fommdation' should de separated from the msin
£loor as chown in fig. 3.2-3, Wherever possible. This helps
in preventing the tranémiaaion of‘vzbrat&opa to the main floor
and structure,

(d) Acoustical Treatment : Thie can be achisved dy

i) Enclosures, or barriers,

11) Accustiocal trentment of walls and ceilings,
141) Suspended sound abso:bert,- o

iv) Appropriate openings near the machinery,

v} Ear defending squipment, ‘

ALr borne noise gensrated by the machine may be reduced
by placing the machine in an enclosure or behind g barrier,
This howsver, may be relevant only for the agitatorn if placed
in the making depsrtments owing to ite largeness, (rendering
the tranemisslon of olayslip from slip house through slip |
lines prohibitive as the heavy clay partioles tend to settle
down before casting m if unagitated) and can be effectively
used to help towards the otherwise quiet environrent of
‘makingdepartment’,

This practice haes limitations on use in the ‘'alip house'

¥

s
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as enocloeing of individual machinery demands individual

attendant/machinery and hence notvery practical.
Acoustical treatment of sidewalle or ceiling can be
ssen in following perspective. o |
(1) vhether it is poscible to combine the sound sebsorption
and heat insulation properties of material.
(44) If used on walle, what is the degree of 'clesnsability’
of these materials in view of the large dust suspension in slipe
house atmosphere, |
(141) whother the ceiling provided at 6X above the floor (as
required by Faotories Aot) can really help absnrpﬂon‘ of
sound and contiibute tc the reduction of SPL.
{iv) 8&:90545& scund absorbers can be used bsing hung near
the source of sound for its immediate sbsorption,
(v) The loading platform over the ball nills which 48 efther
of reCutte OF Bteel sheets, can bave adsorptive surface along
its entire soffit thus providing a good absorption in close
proximity to the source. |
It Is odesrved that *Sliphouse' generally has high level
vindows, resulting into
(1) Reverberation of sound from walls in plane with
the machinery i1.e. the source.
(11) Absence of 'visual rsct centres' for unrtarb
in the form of low level openingo, simultensously providing
a cuahtpercent sound absorption by way of loss through-optninsa‘
It ia therofore suggested that Findows Lor eliphouse
should be provided at the same level as the machinery to help
in alleviating the above mentioned Lfaots, let alone the desira-
able wind wovemant harnessed by suoh opanings.
It may be mentioned that, excapt in winter when vﬁndown
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are kept closed, it will provide an effective loss of
noise in addition to lighting and ventilation, The effect
of noise 18 to be seen as a cumulative effect of time and
exposure. Such openings thereford may contribute 8 great
deal towarde the ihe cumulative effect., The ocutgoing noise
can possibly be blooked by suitable hedges. Use of ear plugs
(flexible rubdder tyjo or moist ccttog) would be the best
ear protection for workers, however, these plugs should not
provide a cent percent deafening but adout 80 to 90 percent
80 that any warming or unusual ncoise from naohinn could be
cfraativuly noticed by a worker defore the machinery i& damaged.

shaft driving andbelts may be cubstituted vith'dirsotly
coupled' individual motors greatly helping the reduction of
noise,

Se2,5 Dummary: To sunmarise the following recommendations
are nades

(1) I8: 34831965, recommendation for the ear protection and
SPL and time of exposure should be given s sericus reconsie
deration and experimentation, The 85 dB level in 600~1200 ops
is itself a high level and chould be brought down for
reconnendations,

(11) Indian Faotory Act, makes no mention at all about the
sar proteotion sgainst high noise levels in infustries, and
should therefore incorporate such s olauve,

(441) Uee of suspended type sound absorbe$s and esr plugs
with 80 to 90 percent deafening property.

(iv) Soffit-absorption treatment of loading platform over
ball mille,.

(v) Work shifts after four hours work in slip house could be



| *100=

changed in warehouse section and vioceeversa to reduce the
time of sxposure to high noise level,

(vi) Provision of low level windowvs

(vii) Use of isolators, frequent lubrication of machinery
parts, use of rubber tyred trolleys and plastic containora.‘

3¢2.6 Bxperimant: Moasurement of SPL in 5 slip houses at
pottery development centre at XKhurja on 14.2,1973 (PLg 30243

(A) PRACTICAL SETUPs; Instruments useds 1) A tape recorder
(cmssett type), (11) A standard flat frequency noise geners~
tor, with a flet response loud speskor, (iii) Pickup having
a reasonably flat response with respect to frequency and a
good direotivity, and (iv) A sound level neter.

(B) LABORATORY SBTUP AND TAPB BE@QRQBR‘OALISRATIQS

(Courtesy~ Asoustic Labe CBRI) (Fig.5.2«4).

Stage 1) A noise generator was started and its SPL noted on
sound level meter placed 0,90 from the generator's loud speaker,

Jtage _

(iif The sound level moter waso roplaced with oagett type tape
recorder with its pickup in same position ap that of sound
level meter, and the generator noise was tapd regorded.,

Stage 411) The tape recorded goneiator noise was replayed
and its SPL recorded by sound level meter by keeping the
identical diatance of 0,90 M betweon them,

A number of readings were taken and tadulated and
the calibration curves upto a greant degree of linearity were
drawmn, varyins with different parsmeters e,g. the input noise
level and outputeatteruation of the cudio-amplifier stage of
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the tape recorder,

Table 8
Input and Output Calidration

62 4 4 4 45
5 4 4 4 4.7
84 4 4 4 7.5
88 4 4 4 8.5

Once the oalidration was done, the notas at locations

" 1 to 8 were taps rocorded in 3 slip hanﬁea at Pottery Devolop-
ment Centre at Khurja and the SPL wae yead after (U.P.00VT)
repliying the taperscorder back ia the Aeoﬁsti.ua Laboratory
at CBRI, Roarkn'.

Racorded Noise levels: Frequencys 700 to 800 cps(Hs)
(F18a3¢2ﬁ4)

Tocation — Desoription | piotance o
point Location and no,of mac=| T,R. from

b gu ouse 1 Ball mill M 88 4B
0,
2,  =dow % Ball mills oM 89 4B
3 wl Qo 3 Ball mille M 89 4B
4. wldgm 3 ball pille+ M 90 4B
- 2 filter prosses
S wige il Ow 1.58 90 4B
6. Sliphouse No.2 2 Jaw crucshers 1 M 89 4B
T wdOw 2 jaw crushers 1.3 M 90 4B
+ 2 pan nmillse '
8, BSliphouse 3 5 Ball mills 2 M 89 dB

Results obtaineds SPL of 88 to 90 dB in frequency 700 to BOO eps
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SPL wae found hsghaf than the recommended level of 85 4B 4n
600-2.200 cps(Hn)hy 183 34831965,
LIMITATIONS OF EXPERIKENT

The experiment has some 11m1taiiona
1) Noneavailability of scund level meter for its direct
uss in slip house. '
11) Hoise generation is no more concentrated as in oace of
laboratory but a distributed one and the‘ucasurnménta would
ehow GENERAL BOISE LEVELS 4n the sliphouse with reasonable
AC0Uracy . |

~ However thig experiment has establiahed the éPL in alzf—

house of a Pottery works ( & work not dnnn'uo Zar) and gives
.8 £air iden of the ear protection desired,

Efforts must be made to reduce this SPL in light of the
above gummary. A system of periodical medicel cheokup for
the loss 0f hearing with dus consideration for PRESBY-CUSIS
(natural 2ou® of hearing due to age) should be sed up,

3.3 DUST OORTROL
General: Dust is formed by reducing the muterials of sarth
origsd to emall sire. Processes like grinding, crushing,
blasting and drilling produce dust particles of sizes fronm
submicroacopic to the visible, their compooition being the
sane as that of the porent material.¥hen a solid or liquid
ie broken up into Pinely divided particles and is dispersed
4n the air, two important changss teke place,

1) the surface area s grestly increased, and
and 1i) the space ococupied by the dispersed material is
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expanded many times over the volume of original mass,

The effect of these changes i8 to intensify the chemical
and physiocal sotivity of the material, vhich 43 intimately
associated with the physiological effeot, Small particles
generally are of physiologicel importance than large ones.
There ars a number of processes and industries which give rise
to dust in some form or the other and these ayre as listed
belows  Metal mining, Nonmotellis mining

cosl mining soal mining (open pit)
(underground)
spelting, none smelting, me ferrcus plants,

ferrous plants

cement plents, Asbestos produats,

adbrasive industry Clay produote,

autlary, ~ Glass manufacturs,

dranite, slate, marble and other stone products,
Iron and atesl, foundries,

nineral fertilisers Mineralsand eartha,'

refresctory Textile (fluf)
industries,

. ... ¥Wood {maw dust)
Si7ects of Dust Inhalation

A dust free and hygienic environment within the factory
48 moet desirable. Prolonged oxposure to dust lesds to disesnses
like silicoais, pmoumoconionis, fibrosis,bronchitis, tuder
culosis, These occur a3 a rosult of long-continued inhaletion
of dust and it depends upon the interaotion between the man and
the duast—cloud %o which he is exposed . For Pottery Industry
dust control is abaolutely necescary because it 1nvo&va§ 
achievement of skille over a& period of time and the worker

is to handle earth, olay and dust. Result ie gonesally spesking,
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once & worker takes up as & potter, he remains in the

sane trade for his life apart from the family tradition

in Indian context, Constant contact with clay moy also

lead to skin-diseases, ,

The diseases ocour &5 a result of deposition and
acousmulation of fine dust in the lung. Coarse dust ia _
held away from the lungwinterior by an impingement mechanism
which deposits the particles on the oilisted epithelium of
the upper reapiratory tract,from where the duet gete carried
away out from the lung. A fraction of fine dust reaching the
lung=-interior 48 again exhaled, the remainder io deposited.
The mechaniam of deposition is mainly the gravity settlenment
for the aige range from 0.9 to about 5 microns, Approximaw
tely betwoon 20 to S50 percent of the inhaled duet 18 not
found in tho exhaled air and must thcrafotn have been
deposited in the lung (Pig.3.3=1). A goncentration of

and above 1o considared hazardous

| A factory as an snolosed space crsates more problems
of dust as compared to the open environment in whioch the
 village-potter does his work, However, in industrial
6onxext, tho controlled environment in an envelope is of
greater importance than the uncontrolled open snvironment,
The eilicon dioxide aa gquarts (free silica) produces
the most serious form of lung-fidbrosis and the damage
done 19 permsnont; an unalterable tissue change takes place
~4n the lungs, Of prime importance is the faot that prolonged
exposure to these duets results in increased susceptidbility
o tﬁberenlcais. more @0 from quartz than from asbestos,
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5.3.2 ObJectives of Dust Control
These objectives are to eotablish the following:
1) Sources of Dust a) Materials, b} Prodesses.
11) (a) Dust concentrations in various processes and
permissidle limits,(b) Time of exposure to dust,
141) Precautionsand safety measures
(a) Local exhaust in specially ventilated hoods,
(b) General downward ventilation,
(¢) Industrial dust cleaners
(d) Dust masks and protective oclothing,
(s) Bnolosing of processes,
(2) Use of detergents,
(g) Medical check-up.

(1) (a) HMaterials: Prec silioa contents of variocus raw
paterials are as given in the tadle No,10 3 Tadble No,ll
gives the free silioa contonts of different bodies inthe
manufacture of pottery.

Zable NQ,Lgi

Free Siltca Contents of Raw Materials used in
pottery worke

Raw Material Percentage
Quarts -9
Feldaspar ' , 8
China clay Traces 1.e. below 0,57,
Gypsum below 0.17.
Ball olays 5
Tele 6
Fire clay 50
1, Office of the Chief Mvisor of Factories (OCAF) ‘
3ilicoeis An the Pottery end LOramiq sniusSEy pPe10mll
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Table No.11°

Free silica gontents of different bodies in
the manufacture of pottery

Crockery 3
Tiles , 28
Pipes 1
Sanitary were 17
Bleotric Insulators 34
_ Refraoctories 26
| Ssggars 29
Grog ' 26
Frit 20
Poraelain glage ' ‘ 24
Barthenware glaze 7

Tadles 10 and 1) indioate peroentage of free silioa of
the various raw materials used and also that of bodles and
2lanes, | '

(1) (b) Various Prooessen ‘ |
| The main sections of the induatry produce a very
large variety of articles and a wids range of prodwots,
patched by an equally large variety of risks from duat,
Generally S0 perceant of the workers' population is invdved
in operations giving rise to dust vith the exception of
glasing and firing, corting and warehousing sections. This
Jarge nunmbdbel of workers &s exposed to ccomposite dust, of
which china and ball clays, flint , felepar and quaris
and silice are t?ho mein ingredients, The proeéasu giving
riso to 4usts sre listed as followsi~

1) Iosling of ball mills Dry

Ze mﬂ, G MIS Plﬁxm
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18) Caloining of felspar and quarts Dry
111) Orushing of felmpar and quarts. ny
4v) Handling of filter press oakes Vet/semi dry
v) Handling of olay lumps from pug mil wt,
vi) S14p casting wot
vii) Presaing and jiggering vet
viii) fettling , finishing and turning ary
1x) cleening and soraping of floor azry/wot
x) spray glasing, saggering and sagger  A4ry and in
- loading suspension

x1) Residus and ash from the coal firing
in the intermittent type of kilns ary

This indicates that a majority of procescses and
the material bdeing handled iteelf are ths sources of dust,
It may do mentioned here that 36 percent of the caase of
phsunoconiosis originated fron Pottéry industry in Oreat
Britain during (1951-1966)°

(11 a) Dust Concentrations

The average dust concentration at any leoation was
necenssrily taken in the breathing sone of any individual spend
ing his daily sight hour work period in the location, It has
. baen éxyrasaaa in million parte per cubic ££, of air (mpp oft.).
This study has been dons by the office of the Chief Adviser of
Footoples for getting factual data in Indiasn qonditions covere
ing sbout 12 faotories in this country. This tabulated inform-
ation givees a comprshensive atudy about dust concentration in
various operations of pottery works. It may be noted that the
"maxtmnu pernissible limit i8 $ mpp. oft,

Y. ABtbury, NeP., 'PDOUmOCORNionis in the 5o%tcry'lﬁluutrx}
Mizeral Dust in Indugtsy, ppe 1 to 16, 1061s @
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Table 124
Dust oconcentration &in mpp.oft,

Department Ar_gggggggﬁ_

crnshing section

Bringing rav matorials 8 N |
Jaw eruching quarts, felspar - 146
Rand breaking quarts, felspar 129 -
Edge runnsr mill 1l gpnx&& 32T
: 187« felapar
Bresking clay | ' 429 405
Vashing olay 65 60
Ganeral stmosphere 70 64
#lip house

charging bhlunger : - - 260
at the blungar, | 23 14
charging bdall nill - 210 59
at the blunger/ball mill | 25 14
x3 Vibrating sieve 45 20
Filter press 23 8
pug mill 20 9

Making or NManufacturing Depét.

Making on jolley Jigger 6 8
Pettling and finishing 18 22
Hand finishing 710 51
#slip cueting 4 4
Fixing spoute/handles 4 8
Sponging - 20
Firing Seotion

Loading of saggars 7. 12
Loading of kilns 5 20
Unloading of kilns 4 4

4OQAE- OpeCits, pp.;zéle. Oomcouxrationa in only 2 tnctbrica
have been snumerated.



Table 12 continued Roctors

A D
Monlding ,
Grinding gypsun 27 25
%§5°:§§.¢:t. is pnrmiaaibla 48 63
linit for gypsum) .
Sieving placter of paris 50 = 60
Mould making 6 10
Glaping
Spray glasing . 731 128
glazing and dusting 72 33
Sagear Section .
Fireclay disintegrator 1675 1%08
Grog disintegrator | 80 107
Hand sieving | 154 225
Saggar press o 35 26
Hand making of saggar -5 4
Mixing of materials 40 59

(44 b) Time of exposure to dust

It cen be seen that the permissible limit of dust
concentration io exceedsd by almost all provesses, Further
the duet in this industry 4{s extrenely hazardous owing to
the high silica contents of the materiale handled, This atudy
by office of the Chief Adviser Faatories olearly brings ocut
the high incidence of silicosis, 15,7 percent workers had
xeray evidence of silicosis, Of these about 60 percent had
tuberculosis as well,
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Table !wr.:lﬁ5
Silicosis in relation to exposure dust

Hean exposurs leveis ~“Farcent oases 0f
P ) 11 4 T VR - ~Silicosds

1.5 4

6220 10.%

21-50 ‘ 18,0

51=100 44,1
101=200 , . 47.0
201-300 - 628
303400 | 90,0

8il4cosis in relation ¢o duration of exposure

Service in yeare ; Percent ceges of
siliconis -
upto 5 years 3.0
6»10 9.2
11-15 ' 6.5
16~20 _ 2644
21=25 513
31=35 ' 50,0
36-40 . 85.T

(114) Precautions snd Safety Heacures

General exhaust ventilation can be particularly useful for
dusty roome or areas such &s the eliphouse, caleining seotion,
but this should be based on a downward system, with fresh
airflov from the top and the exhaust systoms from lower levels,
The obvious advantage in this system ie in removal of the duat
awvay fromthe dreathing aonea of the operatives.

But in areas such as the downdraught intermittent kilns
vhere the residue of the burnt coal is being ranovod or whou
Tmia, Opeoit, pp.m
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the jaw orusher operntes, use of dust maske by the operative
is most desirable. |

(a) Local exhaust in specially ventilated hoods

Problems of greater dust hasard are mainly with the
finishing , fettling, dusting , turning, spray glasing which
take place in close proximity of the workers' breathing zone
and the fiwe particles produced 4drift upwards due to the
convection currents, Even when a amall amount of fine dust
1o pro&noud s high concentrations of respirable size dust are
breathed by operatives, Efficient duot eantrnl can usnﬁlly
be maintained by the appliocation of following principless

(1) Hai. degree of enclosure , to mlnimiae the aize of

the aperture through which the dust can aeeape'and’tnus keop
the exhaust volume to a minimum. v.
{(11) Provizsion of a physfcal barrier between the operatives'
face and the duet sourca= in the form of a moving barrier of
aixr wvhich positively provents the dust moving towards the
operative's faoe, | |
(141) Correct positioning of the exhsust cutlet in relation
to the operative's body. These principles can give consider-
able advantage when dust is produced by hand operation in
enclosure or hood, With hoods having a frontal opening, there
are four mein poeitions for the exhauvast outlet,

4) Down, though the grided base, 41) at the rear,
144) On sides«~ left or right. (Fig.3.3=l)

With exhanast downwardo, the dust is carried away fronm
the breathing sone but the ‘wheel' blocks part of the area,

With rear exhaust, the operative's body forms an obstruce
tion to the inflow of air and a stagnant area is set up in front
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of his body, Dust produced in this region is not iomediately
removed, | &

With side sxhaust , the operative's body, instead of
forming an obstruction to the air xmoving into the hood,
becones, in effect, one of the side walls of a ventilated
tunnel. Owing to this tunnel effoot, there is 1little reduation
in veloeity in the hood Arrespective of its distence from
exhaunt ouxlat greater or lecser and as such high velocities
oan bs achieved in the region of dust source with noderate
~ exhaust volumes; therefore the principle of 'tunneleflow'
should be used whorsver possible. |

A typical hood (for fettling, finiehing opsrations) baced
on the above principles may have a 3 sided enclosure with side
oxhaust almest a2 lerge a8 the 'hood end', This helps to
obtain even airflowv and avoide turbulence. Operative’s body
forms the front side of ventilated tunnel, Air movement carries
avay the dust from the scurce and away from breathing zone.
However, thnapzamaller‘hooda cannot help the {htﬁl&ng_and
findshing of large artiocles such #a the sanitary ware, veighe
ing upto sbout 50 1bs. For larger hoods the operative soarcely
aan form the front side of tunnel, Hence, for larger hod&n
a combined blow and exhaust systen with a downward flow may
be adopted, Air is blown verticelly downwards from & large
dia. orifice at the top of the hood and the exhauat is applied
to the gridded base vis a hopper bottom which forms & receptadle
for the oclsy moraps and‘larée particles, A shelf for the fett=
ling tools and u emall sink come to be very handy. (Fig.3.3=2)
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b) General Downward Ventilation

The general ventilation of the shops tekes care of
the minor and scattersd sources not warranting & separate
control, Since every worker is a ‘dust-producer', the
anmount of olsan air required depends upon the number
of workers reather than the shop volume; i.e. cu,ft./minute
/operative rather than air chnngtl/hanro The graph shows
the relation of air velocity/ operative and the particles/
om®. It oan be inferred that ventilation should be based
on an air quantity of 750 oft./minute/operative and
the downward system (refer grathQn& Fige3.3«2),

¢) Industrial Dust Clsansrs

Problem of the spilled clay slip, Gueat,sorap oan be
solved by freguent oleaning o that the human and the
vhoeled traffic does not raiso the undesiradble dust in
the atmosphere. Alternatively the industrisl vacuum cleaners
can be used. These are portadle on vheels and can muck
particles, sorapes upto 1* oise, Dimensions of such & unit
are length 1190 mm. width 525 mm height 1075 zm and weighte=
230 kgs Suetion is about 6000 kg/egm. A good house kseping
is thus ensured and reduces the possibilities of sccidents
due to slippary floors. (Fig.5.3«2),

4) Proteotive Olothing

Problem of ‘secondary’ dust is more alarming i.e., &
dust ocollected by cperative's clothing and subsequently given
off into his breathing sone, this constitutes a serious dust
hazard in ceramic industry, The analysie done in Great Brttain

“¥insral dust in !nﬂustryufﬁﬁﬁﬁ'"Is"aen. ' ~
Falme~x . J .M. Dust control in po'”e*l} lndus(:—r/«.( pp.l2-12¢
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has chowed that nearly 50 pervent of the dust in the
breathing zone is given off by operatives' clothing which
is of sotton. Their findings are that the operative with
cotton clothing is found to be breathing 145 particles/cu.
ome, these are reduced to 65 partiolea/hu’ with terylenes,
L2, therefore, we switoh over from cotton to terylens,
ve got & oonslderable reduction in the amount of dust,
Such overells should be fres of dusteretaining devices
such as pockets and chould have buttons at the back,

In Ipdian context this change %o terylene olothing
needs to be examined in following perspsotive,
1) During summer terylens alotkins is uﬁcomforﬁablt,
i1) Puring winter terylene clothing is rather cold.

111)For industrialist terylene olothing L8 too costly to
provide for workers,

iv) Por industrialists terylene olothing is durabdle.

Dust Masks

 Use of dust masks or atleast & messaline oloth tied
around nose and mouth ave partiocularly useful for opsrations
like loeding snd unloading of maggers in downdrought interw
mittant kilns, jaw crushing of felspar and quarts and oharge
ing of ball mille,

¢) Enolosing of processes

Dry grinding of paterials is done in jav crushers,
pan wills and edge-runner mills, It is advisable to'nnclaan
theoe processes by grouping them together as they fall in
an approprisate sequence, This prescaution would prevent the
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excessive durt, arising out of dry-grinding, from spreading
in the rest of the shop,

£) Uss of dstergents

- Bvexy worker at the end of hia work shift should be
conpslled to take bath with a datergent soap. This would
safeguard him or her against the possible akin diseases
like *dermatitis', ‘hardening!, 'skineoracking' due to
sontact with the clay and the earth,

g) Medioal checkeup

It ie urged upon the industrialiate that ne a step
welfare ond hygiene of the pottery workers, a regular medical
oheckeup syctem should be set up in order to investigate
and check just in time the growth of these diseases 80
that the operatives can de taken care of under the 'Employee
insurance scheme' before it is too late.

Je3e3 Suneary

 In summerising the variocus recoumendations are listed
bslov and once sgain it is stressed thot the  ‘'dust control'
is absolutely nocessary in pottery industries in view of
the resulting serious hasard, .
1) General ventilation of the shops based on downward systom,
vith the flow of fresh air so directed that the workers
in their appropriate working places are bdathed under a
olean air at a controlled temp.
2) locel exhaust system should be adopted for operations
like fettling, finishing, tuming and sprey glasing.
3) Use of duatmmaak for those oparatives engaged in loading,
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unloading of intermittent kilns, calcining and crushing of
felspar and quartz and charging of ball mills.

4) A system of regular ‘medical cheock-up' be sst up for
early detection and curative steps for the diceasen like
silicoein, fidrosis and pneumoconiosis.

5) Use of ‘tndustrial vacuum cleaners' for e quiok and
efficient removal of the spilled clay and sorap on the floowr.

6) Separation or uhnlaauro of proceases involving 4ry grinde
ing of materisls,

THE SCHEDULE (Factories ACT 1948)

List of notifiable discnaes:

1. Lead poimoning, 15, Preliminary cancer
- of okin (epitheliomate
2, lead tetra~-ethyl poisoning, eous)
5. Phosphorous poisoning, 16+ Toxic anmemia,
4. Meroury poisoning, 17. Toxie jaundice Gue %o

podsonous substances,
5. Mangenese poidaoning, .

6. Arssnic polaoning,

7. Poisoning by nitrous fumes,
8. Benzens poiconing,

9, Carbon bisulphide poisoning,
10+ Chroms ulceration,

11, Anthraze

12, S1licosis,

13, Poisoning by halogens, |
14, Pathologiocal manifestations,

due t0 a) radium,
b) m=rays,
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3.4 LIGHTIRG

For the purpose of illumination, light is defined as
‘visually evaluated radiant energy'. Of all the great bdand
of radinnt energy, only a minute portion, roughly betwesn
4000 to 7600 Angstroms (400 to 760 millimforons) is capable
of producing the sensation of light in human eye and this is
called the visible spectrum. This portion of radiant energy
ie known as luminous flux, Epergy outside of this band is
not oapadble of producing the seneation of liéht » Light le
one of the raw masterials of vioion under the control of
speoialist. Appropriate quantity of light indoors is very
suoh desirable for good viston, |

J+d.1 Objectives of Lighting

A good lighting of workepaces can be schieved by
1) Qay lighting, - |
$4) artificial lighting, or
111) combination of (1) and (i)
There are five main aims in industrial 1igiting, i) to provide
sufficient light of the right quality and colour to enable
the mians visual tasks to be oarried out efficiently and
effectivelys 1i) to oreate a general visual atmosphore ouited
%o the building « in industry this vill ususlly mean a cheere
ful and stimulating atmosphere; 11i) to eliminate, as far
as possible, sources of sxcesscive visual distraction whioh may
divert attention eway from task, and to avoid glare {(direot
and reflected) which tend to interfers with the work; &) to
provide sufficlent quantity of light, in lux or daylight
- factor (DF) as recoxmended, (_v) to provide suitasble viatas
that are uemliy restful, so that the eye may 'nlax during
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Oe ¥arehouses and bulk stores,
@) large material and loading dbays 100 1.2
b) Packing, storsge and warshousing 150 1.88

Fote: 1 foot candle = 1 lumen/sg.ft. = 10,78 lux,

1 percent D.P. = illumination in iux/80 or(100 lux
s value of 1,29 percent D,P.)

Fay speoial attention to the colour quality of light
in decorating section, -

DoF 4n & room 48 a ratio of level of illumination at
that point to the total amount of illumination availsble
simultenscusly out of doors from the complete and
unobstructed sky) | '
Before proceeding further, it is extromely iwportant
to analyee the working of faoctory, shifte and the procssses,
" On surveying about & factories it is observed that excepting
| sliphouse, firing section, inflow of raw naterials and deapatoh
of finished products, rest of the departments operate only
. Guring the day shift of 8,00 m.ms t0 5,00 p.m. |
. For artificial lighting, &% ehould be borne in mind
that the 'dusty' atmosphers tends to reduce luminous flux from
the source and that the glaged area for day lighting should
have proper access for frequent cleaning of the pocumulaoted
dunt,

3e¢443 Daylighting

~ ¥hat we aaé, ub appreciate and wvhat w» apyrtoiate,fwc
execute well. It has beon accepted now that improved lighting
conditions improve productivity and reduce ‘rejests' in
induatrial process, The human éya'is a narvellous optical
device whioh can adapt $tself to a wide variety of lighting
levels tut when lighting levels go Gown there ie a drop in the
‘ viauallyereeption. The stresses and streins induced by working
constantly under lower levels tend to result in deterioration
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of eyesight and the conssquent mechanical errors and‘'fejects’
in rinal’productl.

Daylight Availabilsty

The availadility of day light out of doors in the plains
of India is quite.high throughout the year. (refor Pig.J.4«L and
3.,4u2), This consists of sky sllumination and direct solar
1Llumination. The Hrmer is nearly constant throughout the
mﬁjor portion of the day while the direct sunlight can be
_ap much as four times the light from the sky . This wide vare
iation and the ohanwes that incidences of direct sunlight
over moving machine parts in shop aress can causs undesirable
visual fatigue and become & source of danger, 9eeesaita$cA
4ts exolusion in the planning for apartunes for daylighting
and the commonly used types are shown in £ig.3.4-3)

The quantity of daylight reaching the working plane in
factories consists of skylight and reflected light from the
roof opposite the fenestrations and other reflecting surfaces,
Faotoriss being vast covered mpaces, the windows on emclosing
valls are not adequate to obtain the desired daylight in the
mejor central portion of the factoryj Hemcs msome form of |
roof-lighting should always de resorted to, which not only
promotes good lighting but helps ventilation also,

3.4.4 Cenarel Principles of Day Lichting

8) whors the work is carried out during dusk-hours, the
daylighting should be combined with eleotric lighting in such
a manner, that the ‘DIMISUTION' of daylight is in a wvay
unnoticeable specially for those engaged in precision work
Anvolving eyeatrain,
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EXT. DAY LIGHT
KILO-LUX

30

20

L

L J

e

DIFFUSE

L

N

O

8 9 1O 1

TIME

| MoST PART OF DAYTIME HOURS .

MATERIAL
T:-RA;éPARENT WINDOW GLASS
'2 PATTERNED GLASS

% WIRED GLASS

4 SAND BLASTED »

5 CLEAR ACRYLIC PLAGTIC

6 CLEAN RIGID P.V.C.

7 WIRED » »
8 CORRUGATED GLA ¢s FIBRE
REIN FOR ED HE T

I2
1.S.T

HOURLY VARIATION OF EXTERNAL DAY LIGHT ON HORIZAN TAL
SURFACE IN INDIA (MEAN FOR DEC.22)
NOTE THAT THE SKYILLUMINATION- -DIFFUSE - REMAINS CONSTANT FOR

i3

TABLE .5 :TRANswssxou COEFFICIENTS FOR VYISIBLE LIGHT
som{—: GLAZlNG MATt—:—EIALS

080

0. 70

O 60

0.-G5

0.80

.70

070

0. 55

- 085

085

O .80

'0-80

085

SOURCE ! NARSIMHAN v . OPCit; FIG.2 6TABLE TL

TRANSMISSION COEF FIC!ENT

FIG)

3:4-2

U
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involving eyestrain,
(b) Obstructions suoh as structural mpembers, overhead installe
ations, machines should be considered in relation to glasing.
(c) Working plane in pottery worke is as low as 6" (15 om)
above the floor for proceassa done by squatting to as high
as 6'«B' (1,8 to 2.4 M) for the overhead sliplines etoc,
(4) There should be good distribution of light over the whole
interior, 'light coloured' surfeces should predominate on
the surfece of the interior. _
(e) glezing should be regularly cleaned end hence an ‘access'
is esgential, |
(f) Main wallo of the factory should be kept free for provide
ing the openings as visual rect centres, (generallythe walls
are found to be lined with supervisors' cabins, stores ete.)
Such openings, in sddition, provide the desirable wind move=
ment, '
NORTH LIGH® OPENINGS

These are superior to other types of daylighting since
they keep off direct midday sun in latitudes north of 23%,
(vefer £1g,5.4-1). The incursion of sunlight through N.L. is
shewn therein, Indisoriminate use of north l{ghting in places
located south of this latitude should ~be avoided. In south
India N.L. i8 acceptable only with diffusing glasces 0 as
to cut=off the direct suniight entry.

Roofe in the olass of NL would ifnclude oylindrical shell
folded plate and the steel NI trusses, The uniformity of
illuminetion onAthl working plane in KL depends on the

width of the bay (d4stance between NL openinga), the slope
of the roof and the refleoctance of the ceiling.
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Monitor roofs

The longer axis of the fenestration should be east west .
Uss of siniature louvres in conjunction with glased apartures
(631t-45%) can send a diffused light flux to the vorking plane.

Root lights .

In aress where the direct incursion of day light s
permissidle, one may employ roof lighting using transluscent
materiala, The tranemission propertiea vary and with plastiec
aaterials there is s consideradle loss of 113ht due to
weathering, (refer table 15 £4g,3.4-2). Distribtution of transe
luscent material on the roof should be used in conjunction
vith artificial lighting to obtsin uniformity of lighting on
working plane,

Side Windowe

The walle of a factory ahnuld be kept free for the
provision of windows, The work plane being very low in a pottery
industry , c¢ill should de 30 om above the floor. The light
penetration due to windows is generally upto 8 meters, The
walls around the windows should be of light aolour to avoid
the contrast glare, Size of winfown for required 1evn1vof
41lumination can be found out as per POLEA DO MBTHOD developed
by CBRI Roorkee,

Fensstration |

Methods of providing fenestrations and the daylight are
shown in figure 3.4«3, The values of DF inolude sky and
reflected components and the value of 0,85 for glass transe

miesion, These disgrems come handy for architect while deciding
the roof typs and height of glasing in relation to the Lfloor
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CONTINUOUS HORIZANTAL ROOF ~ 7.DF

~LIBHTS WITH DIFFUSEP GLAZ2ING GLASS AREA
17'/. OF FLOOR AREA . , .58/, OF FLOOR AREA.

M\/S | 1=

N o —e
e .
: 5
i

, +/ DF

NORTH LIGHT ROOFING.

INCLINED GLAZING VERTICAL GLAZING .
GLAZ2ING 20/ OF FLOOR AREA .

“A

£y J

{0
/—“\‘ ‘ — 5 p— —
. , |
% DF
MONITOR RQOOF.
CINCLINED GLAZING VERTICAL GLAZING
I6/. OF FLOOR AREA . GLA2ING 30/ OF FLOOR AREA.

P | NOTE :
% , //</°§7\\ /</ /DF - PERCENT DAYLIGH
N2 St 2 FACTOR,

I 5 FENESTRATION
. ' oy DFE IN ROOFS .
SHED TYPE ROOF WITH GLAZING SOURCE ! 1S 6060 -1971 ,

STRIPS CONTINUOUS . 107 OF FLOOR AREA . C P DAYLIGHTING OF

FUTURE MAY ENVISAGE A TRANSPARENT ROOF
To OVERCOME ANY DAYLIGHTING PROBLEMN.
CLEANING OF ROOFS MAY ALSO BE DONE BY
ROLLING GEARS OPERATED FROM WITHIN FACTORY.

FACTORY BLDGS PP i-22. .
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area for the desired daylight illumination.

Je4e3 Area Illumination Vs, Task Iliumination

Task illumination is the minimum quantity of light
which is needed for the satiafactory performance of a task,
The science of lighting requires that the task, its immecdiante
background and the overall surrcund should heve levels of
brightness of the ordor‘of 101511, The daylight provides the
task illumination as well as the area illumination,

2+4.6 Codour Quality of Light ,

On a¥udying the various processes in POTTERY industry,
4t s found that the following areas are governed by this
eolour quality, i) Colouring, ii) Decorating, 1ii) Coloured
g€lazing., Here the colour and the colouring pigments should
be seen in natural day 1ight so that they ere perceived in
their original colours. If the day light is not adeguate,
then the sams can be supplemsnted by the ‘day light' filament
lamps or fluorescent lamps for the colour matohing. Hovever,
the filament lamp tends to oast harsh shadows and hence the
use of 'day light' fluoreacent lamps is recommended, This
prevents the distortion of colours perceived due to the
‘usual filement lamps or fluorescent lamps,

3.4.7 Artificial Iighting

Although the role of this lighting is reatrioted only
to certain departnents of pottery indunery. which operate |
through both the gensral and night shifts, artificial lighting
contridutes a great doal towards, |

1) supplementing the daylight,
11) use during the overcast sky (monsoon pericd)
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111) use during night shifts.
It should slso promote an atmosphere of chesrfulness

S¢4.8 General Prinoiples

(1) Avoidance of harsh shadows and glave.

(1) Reducing the drightness of sources by louvres, shades,

etc, and also ek the apparant areg of source as seen
by eye by proper orientation of light fitting,

{441) Reduoing contrast between light source and the backe
ground by uss of light coloured surfaces or ceilings in
combination with fittings whioh allow a reasonable amount
of flux in upper hemisphers to raise ceiling brightness.

(iv) Combination of filamen? ana‘gas discharge lamps aa a

 safeguard agoinst voltage flustuation.

(v) Colour quality of light.

The achiement of varioue objectives of good lighting
needs following considerations:

1) levels of illuminstion,

11) Types of lamps and their luminous efficiency and colour

quality. |

111) Light distribution characteriatics of different lamps

and luminaireo,

iv) Arrengement of light fixture,

v) Initial installation and oubsequent maintenance costs,
vi) Steadiness of performance through voltage £1ﬁotaationa.
and resistance to vidbrations,

vi) flickering effect.

The illuminstion levels in lux relevant $o Pottery works

@8 per IS:16060=1971 Code of Practice for Day Lighting the
factories have alresdy beon listed.
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On scruitny &t is odbserved ,
1) Sodium vapour lamp with its characteristics orange
yellow light in the region of 589 A% of the colour spectrum
is out of question for being used in Pottery works as it
tends to distort the colour perception of the objects so 1it,

ii) Cold cathode ip meinly used for advertising and neon
signs and hence not muoh applicables excepting the name of
industry,

141) Mercury vapour lamps are sulteble for general lighting
excepting the colouring, glazing and decoration sections,
iv) The 'daylight' fluorescent tube lights of 40 watts are
suitable for all purpose applications in view of itz luminous
effiotency as compared to low wattage, and the glare free
£lux and leads to efficient production,

The sorry state of affairs about the voltage flucte
uation from ae low as 175 to as high as 255 leads to the
following considerations. 'The lighting dosign should always
be based on comdination of gus discharge lamps and the fila-
ment lamps. |

a) when the voltagce drop occurs, the gas lamps refuse
to start as they require a Rdgh initial voltage for their
start, Filanmsnt lamps in suoch a cass glow instantanecusly,
although 4im and prevent the factory from deing dark in case
the lovw voltage continues for a longer time,

b) vhen the current suddenly cuts off, and oomes back
after a while, the filament lampe immediately switch on
and keep the faotory lighted during the intervening period
until the gas discharge lamps start slaiins-
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¢) Filament lamps emit light in all the wavelengths
of a visible spectrum (continuous spectrum) while the gas
discharge types 40 not enit light in all the wavelengthe
of visidble spectrum (dfscontinuous spectrum)., The defficiency .
of 'red' in light from gas discharge lamps is compensated
by combining filament lampo with them and this leads to
lesser distortion of colour perception.

d) FPilament lamps if exclusively employed have following
disadvantages and advantagesi-
i) lesser luminous otficicnny compared to watiage and
as such tond to inoreass electrical consumption,
11) Gdve rizse to glars and harsh shadows,.
111) Yellow 1ight for vast areas is not pleasant and cheerful,
iv) colour distortion, v) They hsve adoptadbility in atandard
- socketa, vi) They ere cheapsr than the g8s discherge lamps
vii) ‘'Day light' fluoreascent tube lights or 'daylight® filaw
ment lamps ars partioularly suitable for supplementing light
in decoration, colouring and colour glasing aeotions,

@) The dustyy environment in the pottery 1nAuat§y _
partioularly in the sliphouse , making and finishing depart-
mente leads to the application of fluoreacent tube lights with
induilt reflectors (Pig.3.4~4). The omission of luminaire
caves on cost and maintenance,

During operation, & tude light becomes warmer than the
ambient air. This causes & slight dut continuous oirculation
of air around the lamp, Much of the duet in this air is
slowly deponited on the upper aide of the lezp where, in course
of time, forms and fairly thick layer effectively inhibiting
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the upward light emiseion. The light depreciation may
sasily reach as much 30 to 40 percent, '

To oombat this, the tudbe light is induilt with reflece
tor, covering 2/3rd of the oircumference and is applied
between fluoregcent powder and the glass~layer,

colour of Illuminationd

Performsnce under artificial 1xght differs traa day=
light. This has been Lllustrated by a study made by
Pisrce and Veinland in table Ko. /6-A

Table No, /G- A

The production in a repetitive manual task
as related to ths colour of illumination

Colour of Relative
production
Daylight : - 100
yollow - 93
green - 92
Blue - 78
Red - 16
Orange amber - 76
Yoellow amber - 54

Jeded Saleotion Criteria for Iuninsires
This depende on the following considerations
1) Character of light dietribution,

11) Upward <8t of 1ight to avoid contrast glare between
gource and the surroundings,

311i) Sturdiness of luminaires.
iv) Initisl installation snd subssquent maintenance costs,

1URL Belii, F.¥. and Brown, C.¥W., Yoonditions of WOTkK
and Produntivity. Pexrsonal nnd Induntrinl Psychology,

N A ThE DHAMES  AAR WM Mlemcnas 14N Towmd am 1 0OEE
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v) Spacing to mounting height ratio,

Distribution of light depends upon the type of source,
shape of the fitting, mounting height end the distance
between individual lemps. The more the light is concente
rated in a downwvard direction and the lower the mounting
height, the lessor will be the fllumination on the walls,
but sdequate light must reach the walls in order to provide
& cheerful atmosphere and to reduce contrasts, Tablel?7
gives iumlntira spacing and light distribution,

Iable )7

Relation hatwaan Iumiuatra spaoing and light diatribution
nonnting above Ratao of spacing Zono in which luminaire
vork plant to mounting height{lumens are emitted,
lo8s than 16! 1.5 to 1 0°60° = widespread
(4.8 M)
16301 | 1t 0°.30% semtconcentrate
(4.8M) | ing ormediun
to 9N spread,
Over 30' (9H) 0,5 to 1 oqw20q~connsntrating

The figureX4Sindicates some of the common types of

luminaires used in industrial buildings. The polar ourves
show the character of light distribution., A part of light
emizrion in upper hemisphere is most desirable as it tends

to reduce the brightness contrast between the source and
immediate surrounding apart from the fact that it zskes the
environment more cheexrful.

This basic knowledge acte as architect's guide in making
shoice for the Janps and the luminsires suitabls for the
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purpose. Howvever the exeot calouletions of light is the
field of an 4llumination engineer and his sdvice should
always de sought for the resultant conductive environment.
Saﬁt examplenx of lighting and productivity in faotories
have been oited by British lighting Council
(s) A leather working factory where the light vas.
inoreased from 35 im/sqf¢. localiged to 100 1nm/sq.ft. all
over reculted in inoreased production by 7.6 percent which
hed an annual value 13 times more than the cost of the
improved lighting.
(v) In an AnePican Women's sporte ware facicry after
ratsing illumination from s low level to 100 lm/sg.ft.
the inoreased ocutput paid for the capital cost of the new
installations in 38 days.
(o) Study in Indian context was conducted by ATIRA,
Ahmedadbad, in Loom Sheds of Textile Mille, in respect of
- affect of increased illumination on production and demeges,
In mi1l A, illumination was inoreased from 6-9 foot candles
tungeten to 17-25 foot candles fluorececent, The results
showed that efficienoy inoreased from 77.91 to 8l.46 percent
gna damages dooreased from 4.6 to l.5 percent. In mill B,
illumination vae incoreased from 2«3 foot candles to 1013
foot candles and 18 to 23 roct‘eundIOI fluorescent. The
results showed that the efficienoy increased from 67,85
percent to 70.21 percent and to 75.28 percent in different
intencities of light (Information by correspondence).

5e4.9 Sunmary
The sntire study can be summarieed as followa:

1. Tage, J.K. Invironmenta) Qontrol, Letter FROtories,idod,
Inat. of Directors. London. vaite 73.68«T9
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1) More reliance on daylight,
i1) OGlasing related to floor area and D,F,
111) Proper access to glasing area for frequent oleaning.
iv) Combination of gae dimoharge lamps and filament lamps
as a safeguard against voltage fluotuations,
v) Use of 'Daylight' fluorescent tube lights for preventing
colour distortion in colouring and decoration sections,
vi) Use of fluorescent tubs lights with inbuilt reflectors
for dusty environment,
- vil) Freguent closning and maintenance of lamps and luminaires.
viil) Selection of luninaire as per the 1ight distribution
characteristics and the spasing to mounting height ratio,
ix) Overall predomination of light coloured, snd low reflece
tive surfaces for better light distridution and avoidanace
of contrast glares. |
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3¢5 COLOUR

Colour was created on the first day in the beginning
of time. More ancient than Adam, colour has been an inportant
influence in the life of man throughout the ages, Colour,
in earlier and less sophisticated ages, was to man more than
& siaple joy~ colour was also assocciated with complicated
myateries. With childlike pleasure man painted himself s hia
clothes, weapons and homes, With sdvancement, the colour
and ite application has become a soience and = medium for
creating appropriate moods in the indoor énvironmente. It
haz opened & new field for psyohologists, physiologiste
psycho=physicints and architects,

Iight or the visidle radiant energy, is the couge of
colour sensation. The visidble spectrum which ie also the
visible colour spectrum, betwsen 4000 to 7600 angstroms
ie capable of producing the colour sensation in the human
eye. Beyond this rangs are the ultraviolet and infrared
mergy respectively on the violet and red sides and it is
invisidle. The retina in the buman eys, however, is not
'tqually sensitive to every wavelangth within this range i.e.
ite Iuminosityresponse 1o different to ench colour,

Je8ed Scientific Objectives
| Until recently faotories and workshops were invariadly
drab and dirty. Now it ie being recosnised that the Building
Jodentist , colour consultant and the architect €an contridute
raterially to the creation of environment in which workers
can be both efficient and asfe, A good colour scheme apart
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from being decorative aims at helping the workers to sse
Cclearly and quickly and at promoting safety, aocuracy,
tidiness, identity to each object with consequent increased
output. In important respects, colour is serving the sazge
oends as lighting and it is essential that colour and lighting
be viewdd together as the 2 complimentary aspects of visual
environment. The human being has an inherent attraction for
colour.Even a child perceives a brightly coloured object
faster and develops love for the same. This inborn quality
stays with him thraugbon% his life and developa attachment
to coloured objecte, may be it 18 a machine or any other
object. Safety ie one of the most important quality in
industrial ocontext that the colour contributas..Zt iz found
that 12 percent of the industrisl accidsats. ard due to
failure in recognising the potential hasards,’, which oould
be mede conapicuous for quiok recognition with appropriate
coloura. Scientific objectives of colour in industry,
1. Creates a cheerful and conducive environment.,
2« Better workmanship,
3« Relief from eyestrain nnd fatigue, 4.Promotes tidiness.
5, Gives olear . identity to machinery, passages, operation
levers, pipes etc,
6. Lssser rejections and 1ncra;sed cutput
7. leads to safety and fewer accidenta,

Je5.2+ Exsating Conditions
The following table, shows the existing conditions

0f colour in pottery induetry (based on a survey of few

I, Blum, N.J. and Naylor, d+U., Acoldentn, Safety and
Fatigues~ Industrial Peychology,1968,pp.516-550,
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industriec bythe author, Reference is mainly to the work
areas vhere the colour scheme is greatly desired)

J¢5.3 Colour Perxoeption Ly Human Eye

Eye receives and transforms the radisnt energy in the
fora of light between 4000 t0 7600 Angeatroms and the bdrain
and central nerve system translate 1&. The retina overlays
almost all of the surface of the eyebsll, Its funotion is
to convert light into electrical impulses through photow
chenical aotion, The retina is oomposed of nerves with
colls of modified ends, One type of cell is conical cnlled
‘oone' and the other type is dlunt called '‘red', The normal
retina contains 15.ooo,boo rodes and 34,000 cones, The rods
and cones contain pigments whioh dleach under the aotion of
light, The optic nerve and the central nefve pystem translate
and interpret the stimulus and initiate appropriate response, '
The response of light is not identical in rods and cones,
The cones opersnte at brightness levels above 1/1000 of a
foot lambort and since the aolour is psrceived only by the
conss, there is no colour perception at very low levels of
brightness and poor colour perception in dim light. When eye
receives light above 1/1000 of a foot lambert, both rods and
cones ore in sotion and such a gondition 48 called 'photopic!
vision, When light recsived is below 1/1000 of a foot lambert
only rods are in action and this condition is called 'scotopie
vision', Under lov illumination, when rod vision is dominant
tho eye becomes almost blind to red put is guite sensitive
to bdlue. (FigeJ.5=1) 7This shift in sensitivity ie called the

Purkinje effect. This point ic extremely important for denoting
the 'fire fighting equipment' generelly coloured, red, For being
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conspicuous, it has to be well illuminmted during the night
time.

_ Although the retins is sensitive to radiation between
4000 to 7600 Angstroms, it is not equally sensitive to svery
wavelength within this range. (Fig.5.5.»1).

JeSedeIndustrial Golour Planning |
Thie involves following considerations: (a) Background

colours, (b) Machinery colour,{c) Identification colours.
{a) Background Colours; These muat ba carefully oonsidere
ed dn relation ¢o the work carried out in the room. The walles
and ceilings which form this background should not give rise
to glare, should be restful and should provide a -~ neutral
light surround, adapted to the lightiné conditions of the
room and the conditions of work, Ideally, the background
¢olour should be complementary to that of the material .
being worked on mmd at the same time should provide a suitabdle
oontrast 4n hue with the task. Colours from the middle of
the opeotrum such as buffs, yellows, gresns, which provide
suitable hue contraste with most materisls used fn industry,
can be used as dackground colours., Bright colours mst be avoide
ed infavour of pastel tones which afford relief to the eyes
and asesist apeedy rnﬁd;untnﬁﬁt of vision. White colour could
be used in the areas, near the roof for a uniform distridution
of light. Colour can be used to vary the apparent temperature
of & room, 'cool’ colours such as greens and blues are useful
Lor stvxng the 1m£reteton of reduced tampernturn in doiler

' : jstxy, while colours such am

sauom‘ can cxeate an effeot of warmth in cool areas, Orills
stc. in the openings should be of light colour to avoid
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contrast glares,

(b) Machinery Colours: The colour selected for this purpose
nust provide a suitable brightness contrast with both the
tesk and immediate surround., These requirements can be
sumsarised as followsi-

1) It sust harmonige with the surrounding so a dlue

or green shade is unatul‘fgiaarutxons.

11) It must not act as oamouflage, but muat accentuate
or make possible , easy and mutomatic perception
of different parts of the machine,

111) It must provide a contrast between the task on the
pachine and the part of the machine forming the
baokgreund to the task,

Such itens as switches, starting buttons, levers, moving
parts and tool points should bs coloursd to inarease their
vieibility and to separate them visuaslly from the body of
the machine, The size of the maochine will influence ite
colour treatment- tho smaller the machine, the more delicate
the colour scheme. Eggshell finish is proferred to glossy
finish to avoid reflection,

(o) Idsntification Colours:

The quick identification of services and the marking
of hazards is eided by proper sslection of the right colour.
Hasards shouldbe zmarked with an arresting colour and tests
have shown that ‘orange' 1s the best warning colour. Red
ehould be xaacxv.d_tor_the Zire preventive~ equipment and bhlue
on such thinge such as electrical controls is useful as &
. osutionery colour, The insides of machine guards, the parts
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they protect and the insides of eleotrical switch boxes
should be painted with a danger colour such as ‘orange’
#0 that they are immediately obviocus if they are displaced.

For the docoﬁuon, colouring or colour glesing
sections of the pottery industry, bright colours should
be avolded as far exauple o mere glance at a brightly
coloured vall, pay have & hno impact on the cerasic colours
or pigeents and thia uxu,\uaa to exnct identification
colours for the high class decoration work,

In purely casunl spaces , duch as wash rooms, rest
rooms, onfetarias, lighter and cleaner hues may de used,

In view of average colour preferences, blue becoses ideal
for feoilities for men snd rose for facilities for women,
In stair wells and passages usually deprived of natural
Ight, bright tones of yellow are effective., In storage
areas wvhite is the best and will make the most of existing
ugm;s,ng installations,

For promoting safety ya:uw mtth bluck straps io very
useful to mark ‘strike-against', stusbling, falling hasards,
low beams, platfors edges ete, Yellow colour may alac be
useful for the variocus vheeled racke or industial trucks
(tork 14t etc,) so that thoy are instantly noticed while
in notion, VWhere objeots are suspandsd and difficult to eee
because of lack of local background, visidility ocan always
be increased dy suitadly coloured target soresns placed
izmediately behind the objects, It is fmportant to note that
 the material handled in the pottery industry is mainly the
olay in some form; ita 20lour ranging from greyishewhite
or white , to 1ight « drown or drownishw-yellow for the fire
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clays, Thus with the overall colcur scheme within work areas
based on green=blue shades, the material would have enocugh
contrast with the immediate surround and the cleaning of
various surfaces would also be oasier, the dirt being quickly
noticeable. Indirectly this also leads to good houss keeping
within the shop, Further the blus-green is a coocl hue, when
the retina is saturated with it, & warm pinkish after imnge
is produced whioh is flattering indeed to employees.

5.:5.5 Psyochological Aspects

Vara and cool Qolaurla The colours containing a predoms
inance of red feel warm and those contsining more of dblue |
feel coolj while, the former seem nearer, the latter appear
to bs farther away than their true distance from the eye.
Only yellow and purple appear to hold their aotunl position
in space, On application, & 1ong narrow room msw vieually b=
shortensd so that the distance from the workbench to locker
room sesms les: than Lt really is by painting the end walls
" 4in a dark value of advanoing colours like burnt orange or
naroon, Conversely szall rooms may be given greater apparant
dixensions 80 as to avold feeling of crowledness, dy use of
pale tint of a cool colour-pale turquoise, sgua-marine etc,

Moving around the spootrum we note that yellow brings
good cheer (cdlour of sunlight), green effects human emotions,
blue is definitely calming, red excites the aourageous endeavour,
purple is depressing (should be avoided 4n lunch rooms etoc.)
and the orange is the most powerful stimulant of all. In
induatrial plants the colour selection should be dbased upon
working outwerd from man at the machine, through the man's
iamediate surroundings, to the surface farther away, the first
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consideration being the eye confort at the mschins.

5+5+6 Colour Appearance under Artificial lLighting

Different types of lamps wvary widely in their effeot
upon the appesarsnce of surfece colours snd pecple's
complexion. For the general, after derk illumination, high
efficiency types of fluorescent lamps are favoured because
the illumination recommended can be odbtained with less
enission of heat than would ocour with filament lemps, The
'Daylight! variety reasonably matches with natural deylight
and serves to reinforce the illumination, when inadequate
This is very important vhere the recognition of ocolour is
involved like the glasing, colouring and decorating sections
of pottery industry. '

345.7 Meflection Factors
¥hile choosing any colour, it 18 necessary to know
the reflectence of that colour or materisl in ths area whioh
govern the illumination levels
Table 19 .
Refleotion Pactors (R.F.)

¥hite plaster 0,90 to White 0,98
0.9% .

¥hite paper 0.80 - Greyish white 0.8%

Silvered mirror 0.70-0.85 Ivory ' 0.82

Chromiunm plate 0.65 Cannsry yellow 0.77

#&4 Polished 0.62 ' Orenm 0.75

aluninium
Polished steeld 0,60 Prine rose yellow 0.6%
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Zabls 19 consinued
Matertl Rate Colowr | R.R.
Lims stoxe 0.39-0,38 I1ight tan 0.65
Polished mardle 0.30=0,70  Light dlue 0465
Tracing oloth 0430 " Buff ! 0463
Grey cenment 04 200, 30 Pale green 0.59
Granite 0,200,255  Isght pink = 0,55
Red briok 0ed0=0,15 Silver grey | 0.46
Black paper 0405 Dark ton 0.4%
Black oloth . 0,022 Sky blue 0.34
'Bllok_vulvat' 0.004 Olive green 0,22
Dark grey .17
Blaock 0.20

Je5.8 Avallability of Indian Colours

Differont surfaces in any work ares require a different |
kind of finieh, which may range from a colowr-wash to a odl
paint, ivailability of colours (in Indiasn context) euitable for
finishing various surfaces must be thoroughly studied by
architeod taking following points into concideration.
1)} Type of surface » 11) Degreo of protection
141) Durability of finish ~vigawvis the factory~Ast regulations
requiring repainting once in a specifioc period,
iv) Cost of varioue colour finishes,
v ) Ease of oleaning dus to dusty atmosphere,

Type of surface could be metal, wood, bdrick or plaster,

‘eto, and the degree of proteation required will depend upon the
extent to which a surface is exposed to weathering, attack by
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water eto, Factory Aot « Chapter III, clauss 11(1) & 4 and
111 stipulates that in case the walls and partitions are
painted, they will be repaminted ONCE IN BVERY FIVE YEARS,
in case of white or colour wash, they will be rewashed ONCE
IN BVBRY POURTEEN MONTHS, .

Table 20 gives the various avatlable finishes with
their cost. | |

Paints B ! Eb§t {at ?395550 )'Eoverhgt

1. Synthetic enamel paint  Re,19.35 / 1itre  10-12 {2‘3’
re

2. Plastic smlsion paint Rs,17.85/ litre 30 to 35 'ﬁé
3. Spovcen paint | Re. 4,00/xg 30 to 35 sft/kg
4. 011 bound washadble dise Ra,6/«/xg w3 Om

temper : . '
5. Colour wash Rse 4.00/kg 15 to 20 sqm/lit
6, (nonwashabdle) dry distenper Res 4,50/kg 10 sqm/litre

Standard range available in Indian colours is enmclosed,
namsly, the synthetic encmel, decoplast,distemper and snowoem
for & rosdy reference, For the colourwash, the colours available
are blus, parrot green, aguawarine, yellow, oresm, pink, grey,
buf,

The sase of cleanlines: should be an important considere
ation for finishing walls eto. upto a height of 2M to 2,5M
above the floor. A washable type of finish upto this height
ies most desiradle,

Je5.9 Suinnxx and some recomzendations for Pottery Intustry

The foresgoing discusuion can be summarised as followsi-
1) Colour scheme should be based on predominance of light
coloured surfaceas,
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Light Grey

Smoke Grey

)k. Adm. Grey

STANDARD

Steel Grey

Comet Grey

RAF Blue Grey

SHADES

7 Sunifner Blue . ‘W‘e.dg‘ew“ood

Sky Blue French Blue

Phiroza Azure Blue

Pale Cream

Canary Yellow

Lemoh Yellow Golden Yellow

Water Green

Apple Green

Jade Green

Bus Green

Emerald Green

Brilliant Green

Auto Green

Mid. Bruns. Green

Opaline Green Pale Lilac

Aquamarine

Majenta

Olive Green Gold Beige

Synthetic Enamels

ALSO BLACK & WHITE
SHADES SHOWN ARE FOR INDICATION PLIRPOSF ONI V.



~ PLASTIC PAINT |

Moti

Madan pg, Gulab

N eelanpg

Pistachio Charcoal*

Swati Cactus* Columbine

i.- . :

Framonashyam Maltsr Bright Yellow* Flake Grey

Ve war =1 Pian ol

Zephyr
Ka 7‘ > -
g ——— - Shahbad White New Mushroom Nut Brown
Cha 7 V . 'A'.’ : . . ‘ - ; -
mp akc Coonoor Mist Poppy Red* Geranium*
Wova — vy
an ; :l.‘ '. “i
| a Dakor Blue Pale Lilac* Mohan*
ALSO JET BLACK & WHITE*
- A * Available in S8ILKONA also.
elu . e i
) B"‘Si:-‘ _— - Aquamarine Shades shown are for indication purpose only.

e
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11) Overall schome should be harmonious.
111) I.8.1. should standardise certain colours and its
use and application in industry especislly in the areas
requiring egsy eye detection,
iv) Pactories Act lhould stipulate regulations about
proper application of colour schemes in various industries,
v) The choice of surfané finish should be based on the cost
visa=vis durabllity required as per Fsctoriss Aot 1948,
';vi) Glosay surfaces finishes should bs avoided to miniwise
glare problems,
vii) Red warning colours should always be well illuminated
specially during night time to overcome purkinge effect,
Sone Recoamendations - X '

'P

Factory and ware housing

. Ceilingee vhite,

Valls gresn or dlue (light pestal shades)
¥alls (warehousing) | vhite

‘Machinery  green

.IOV'rﬂ whesls aafety yellow

guards)

gg:gg:d raakg. industrial yollow

Switch boxes blue with orange internal sides,
Fire fighting equipment red with proper illumination,
Cadinets, shelves grey/olive green,

kiln ares-walls _gresn: or blus (Light chades)
Vars sir duots | orﬁnge and white straps

Fuel oil duots yellow / white straps

allaptrioal conduits blue

r's
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Struotural stanchions (upto 3M)  « 18ght bdrown
Stanchions and trusses (above 3M) «~ silver grey

9«6 ORIBNTATION

By orientation in industrial ocontext, we mean, a facing
and looating of factories in such a manner 80 as to obdtain
mexizum adventege from natural agencies like sun, wind,
temperature, 1,0, minisum .and maxizum solar heat gaine during
sumner and winter respeotively, wind-movement indoors eto. With
‘proper oriéntatzon, the conditions indoors would be more
aomfortable naturally and expenses on mechanical devices for
physical ocomfort will be reduced.

3.6, Factors affecting ovdentation

' From the point of view of orientation, solar heat gain

is the primary consideration but other factors like the directe
fon of prevalent breese, the amount and direotion of reinfall

and the site conditions cannot be overlooked. Factors that

need consideration are as follows:

‘a) the four prinotpslrfacad'a. b} locations of roome or processes,
¢) The roof, 4) shading devices,

() The Four principal facades: |

A south facade in northern hemisphere has the advantage
of receiving much larger solar radiation during vinter and
leaser during summer. Penetration of sun can be out off by a
small horizontal louvre. These obvious advantages are not
available on any other facade. |

Por that part of India, north of 23° latitude, the aun

does not shine directly on north facade; except during early
zornings or late afterncons in summer, Even for other latitudes
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south of 23°, the sunlight at mideday during cummer , in
addition, comes from s very high altitude sun, The esrly morn-
ing and late afternoon s@n can be out off with wertioal
louvres on sidea of opening and the mideday sun south of
23°§, by a emall horizontal louvre at the top.

The eastern and western faoades receive nearly equal
amounts of daily solar rediation throughout the year. When sun
shines on eactern facede, it is comparatively cool after s
000) night, and the a&r temp. 1 also low. The solar heat gain
through this facade is not so pronounced indoors unless of,
course, this facade 1o all unshaded glass area.

The western facade encounters a different situation. Due
t¢ higher temperatures in the afternoon, the heat flow indoors
is further augmented by the incidence of solar radistion, }
Gloes aress on western side are & definite disedvantage unlesss
otherwise properly aha&ud.

(v) Locations of rooms or Processes

Mach of the solar heat ineide the rooms can be offecet
by favourable dreege during the periods when thece ore likely
to be ocoupieds In addition to the external hoeat gain,the
hoat is produced indoors by men at vork and the running of
machines, For the wind movement indoors, low cill windows are
nscesaary. It has dbeen found by axpirimunta that in deviating
by 60° from optismun wind direction, the wind~velooity inside
8 room is reduced only by 25 to 50 percent. A slight departure
from optimum wind d;reotion can be compensated by providing |
rotatadble wind catohers protruding through roof with their
lower ends at about 1M above floor.
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{c) The Roof

In tropical climate and particularly in industries the
roof with its large surface poses a major problem of heat gain,
through the fenestration and roof lighting and the roofing
material itself, Feneatration should be adequately protected
from the direct entry of sun. This ic not possible if skylighte
ing system is resorted to. Feneatration can de protected with
dsffusing glasses, overhanging eaves or miniature louvres, For
pinimising heat gains through this roof glazing, a proper
orientation would necesoitate its facing to north or south
sides, |

Thermal performance of a roof depends on its shape,
ﬂﬂuﬂw and emisesive properties of roofing material,
thermal propertiez and total area of oxposed surfsce.ln general
1ight coloured materials are preferabls to dark ones, The
shapes like, hyperbolic parabola, folded plate, conoids,
have inbuilt advantage of retaining parts of its surface under
shade and as euch the heat gain will de less, Moreaver they
offer larger surface in torms of irm than flat roofs and thie
reduces the per unit area :olarx: rediation over them. The rediaw-
tion exchange i1s directly proportional to the effective surface
area over vhich radiation s distribluted. Conorete rocfs
relatively are better in thermal performsspce then A.C, cheets
or aluminium sheets, For thermal comfort, the roof should
ensure lower internal surface temperatures to minimise the
radiant heat 2ead to the occupante.

The factory act stipuletes a olear internsl Baght of 14 'O
with rec. roofs and 20'~0" with trussed roofs vithout insulation
and o sinimun gap of 4 An.air space detween insulation and sheets,
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This difference in height does play some part in directing
the sirflov from the openings towards the floor becsuse
of higher air pressure on one fasce of the duilding.The
wind velocity V « W and as such the digger the Py
‘due to larger heighte and surface, the groater will be the
V. However for thermal comfort the extra hoight dces not
sontribute significantly, In a projeot sponsored by A.C.C, .
(Indta) Ltd, and the Fidre Glass Pilkington India and the
studiee conducted in recent years by C.B,R.I. on thc insulaw
tion of A.C. sheot roofs of faotory duildings with height
of 20'«0* and 16'-0" have shown that no eignificant diff-
erence in the indoor air temperature inspite of a height
difference. '

The overall thermal performance index (TPI) 4s defined
ae the relative rating of the 8ifferent building components
by taking overall climatic data, $hemmophysicel properties
of 'mm&aé asctions and indoor air temperaturs variatione
and thn m.r.:,, values for different roofs has been tobulated
to help 4n the final choice of roofing material, on the
next pace.

(4) Shading devices

From the know).udga of solar altitudes and the asizuths,
it 48 ponsible to design effective shalding devices and the
building shapes wikbh provide paximum self shading on sumwerw
days for rooms likelyto be cocupied at those hours when the
soler beat is maximus. These can be categorised under the
hoads 4) louvres, ii) mm;') building ahapua,wlanascapo
slenents, |
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Tadble Eo.21

| Trestment
S.504 Roof Secotion F“m.rpmgmr TePeX

Range of |Parfore
T.P.I. NANnCe

1. 10,00 om.2.0,8lab Tarfelt 1.5 o. 228

179 225 YVery poor

~ plaster ‘
2¢ 10,00 Om ¢ 5.00 o 5.00 cm 1.5 o, 22 75 2% Pan
pud phuska brick plaster :
tile | ' ‘ Q
3, 10,00 on + 5,00 cm Tarfelt 1.5 ¢ 64 15 8ood
Thernocole plaster -
4. 10,00 om +10,00 cm.Tarfelt 1,5 ¢ - 86 5 Good
: foam conc. | plaater
52 10,00 ome45,00 0B wlOe wdOw 81 75 125 Fair
: foam conc, , R
6. 10,00 om+2,5 onm «d0e wiow B6 wlOm Fair
Thomonois
7. Aluminiun sheets Insulation 90 wldOm Pair
with 2.9 om -0« fidre hoard
thernocole
Be AsCy BhEOt ¢ wlOw  wdO=  wdOw 85  wlow Paty
g, " ¢+ 2,85 on i O wil O 86 wd O Palr &
minsral wool , Scund admordant
10, Aluninium + «do- wQn ] (o 84 wil Qe wiiOm
gheots
1) Ipuvres

The exact inclination anc projection of louvres is alwsys
governed by the olimatic data of the place in guestion, Am general
guidelines , following thumbrules may be observed, .

(a) Vhers posoidle louvres should be free from wall
surface to promote the air movement around the glazed arasa, for

higher nonnhntional heat losces,
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iv) landscape Elements |

Thece elements in the forn of water pools, shelter
belts of trees, hedges, lawns and creepers can be effectively
uged to minisinse the heat gain through the building, The
western and esstern sun penetration should be minimised
- with shelter belts on these sides, Hedges could de located

as to divert the breese tovm:s openings,

Jebs2 Orientation for Vnrious latitudes A

The best orientation , in industrisl context, is
from the solar point of view wvheredy the building as &
whole should receive Maximn solayr m&aﬁm in winter and
pinizus in sumner. For practical emﬁatzcn, it 45 neceasary
to know the ﬁmﬂ&n of swnahine and hourly solar intenaity
6:: the represontative days of the seacons,. Exanple as tabulated
‘bolow (Table 22 and 23) will show that for all latitudes,
sn odientation with longer sides facing north and south is
appropriate from solar heat gain point of ﬁdw.. the wind
bsing taken care of by the rotatable roof wind catchers
as alreedy suggested, |

Table 22

Paily total direct aolar radiation on vertidal surfaces
in Cm. Ca.l./aqtcm/day Lor two mpmaantauva dayn

“: .’ i A ‘ 5 2
] . le@ LAY (980, ¥ ‘ gg, % §C e #&Ev

Imh 228 35 224 27 194 20 188 15 80 9

Bast 225 187 232 173 240 157 247 246 253 126

» X 'J v"
24V X ‘
* A . g
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Tadle 22 continued

1 2 3 4 5 6.7 8 9 10 1
ggggh 100 291 115 294 141 295 156 297 188 281
" South - 358 = 377 e 393 18 398 64 390
South vest 100 291 115 294 141 295 198 297 188 261
Vest 225 187 232 173 240 157 247 146 253 126

North West 228 35 214 27194 20 186 15 180 9

- VIR SRR R ——— ’ -~ -

3e6.3 Summary

Vherover poseible acoording to site-~conditions, due
oanaiderﬁtion should de given to various factors affecting
orientation in light of the above discussion.

The factory duildings should bs oriente@ with longer
sides Tacing north and south, Shading devices should dbe
used to mininise the solar heat goine and the conseguent there
mal 4iscomfort, Roof glasing should fage north or south sides.
¥Windows with low cills of 30 om. will provide wind movement
at the low plane of work in pottery industry. Insuletion
of ioet and western walle is absolutely necessary énd should
be pruviacd. Wectern arecas of factories should be allotted
for atorage, godowns as these are mostly nonoccupied for
human activity. A system of adjustabls or rotating type .
roof wind catohers should be introduoced. '

1 GBRY, Duliding Digest, Bo« 14«
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CHAPTER-IV

4.1 GERERAL

Thece fall under the categories of external and
internal finishea, While the external finishes have to be
strong and durable ageinot weathering in addition to the
asothetios, the intemal finishes constitute a guat doad
to the indoor environment,

Floor finish, the most Smportent of all, has to be
noet suitable for the process, and maistaut tc wear and
tear. '

Wall f.a.nuh should have a greater considerstion for
sa@e of cleaning, distridution of 1ight and colour.

Roofing materinl should be suoh as to remain unaffectsd
by the vapoure or gas from the process, In addition to the
protection from rain and sun it should provide good thermal
Aneulation psréicularly in industrial context as the roof
aurface is very large.

The text in this chapter provides general guidelines
based on oritical snalysis. It is worthwhile nentioning
here that thechoice should be bamed on the overall advante
eges offorod by the finish and its sultability to the
proceso,

4.2 FLOOR PIRISH
General Requirementss For taking a finsl docision on the
type of floor to be adopted it is essentisl to have detailed
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information on the following pointasi
1) 1ive load on the floor due to the movement of pedestrians,
trolley with metallic wheels and round metallic objects and
industrial trucks (pallet, forktype etb.)
i4) Specific pressure due to concentrated load,
115) Impact on the floor due to fall of the moving artioles.
iv) The partiocular purpose for wvhich the floor is designed
f.0. whether it has to resist heat, acide/alkalies, mineral
oiil, organic matter , dielectric proparty or sparking eto,

The floor oan be regarded to consiot hroadly of three
partss the floor finish ox the top coat, the underlying
layer or the base coat, andvthe eavthen dase. The floor
finish takes care of most of the loads, The underiying
layer is intended mainly for the distridution of the load
onto the earthen base. The base may sonetimes ba an existing
i‘afh@g slab,

The different funotions occuring on the floor finishs
i»tloor finish has to be designed for the various
purposes which it has to serve. Tadble 24 giveas the various
loads and aggressive agencies to which a floor finish may
.ha subjected. It aleo summarises briefly the resotions of
the various types of floors to these loads and other faotors,
Thé coefficient O, given in the column 4 of the table 24
= P/byF , whers P = the greatest locd of the wheel in kgs,
4t is multiplied by a load faotor whioh is 1.1 for statio
load and 1,3 for dynamic 10ad, b = width of the oontaot area
of wheel in cm#., D = dia. of the wheel in m, |
This property desorides the wear of the floor due to
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the movement of the round metallic objects.

The impact due to the fall of objects is indicated in
column 8, The fa.l is gensrally oonsidered from a height of
1 meter, like falling of loads from eutocars and trolleys
and dumping of parts. In cass the articles are likely
to fall from a 28 height, then their welght as given in
001.9 xay be reduced by half for a @afe impact, Similarly
for a fall from 0.5, this weight may be increased to 1.5
for safe impact. The impact veffeot while uoiking with
crowbar oy hammer directly on the floor is considered
equivaelent to the fall of article weighing 30 kg. from a
height of 1M. Soratches on the floor while dragging hard
articles with charp anglec and edges is considered oquivalent
to the fall of a weight of 10 kg, through s height of 1M,

The temperatures upto which the various types of
£looras can be heated without detrimenta) wear are dofined
in column 10. Bffects on the floors due to petrol, diesel,
0il, kercsens, and emulsoions made out of them is chown in
c0le12, |

Congiderable quantities of alkalies and ecids are
oometimes likely to fall on factory floore, cole.l5 and 16
give the concentrations of noids of wariocus types which can
be resisted dy the different types of floors. The limite of
concentrations indicated in the numerator are for nitrous,
sulphuric, acetio, phosphorous, hypoohlorous and chromic
acids and in the dencaminator for butryic, laotic, formic and
oxalic acids and their highest posoidle concentration given
as 100 parnénm, colunnll? relates to the effects of slikalies



Wit "
Ko EVENT of e £ . o )
¢ (RN A g W g, ORIV SO B a0 i,
RN G A of et of Wt CRIKT T eh ugid
,m;&‘,(’ e ;;:’ff-'m GREG TRRRTR RGRE (Aive fl% S At
TRE L1, v oy iekbai DU NPT apateD b
P S T P R
PYIECTS y
! /R S S T S S
(NCRETE V-4 W Ve ve Y 0 Ic /A
BRANOITHC, SN RETE V6 W& ¢ g X 5 v
e wH SR NE 6 B0 v & fvg vET om0 o f
WrglewimR (s ® P & F 9§ low
PRecas™ CONK T wiTH
CRHENTSAND OKT AR td B o 6 vP L5 m v
SPrAT CONG V6 & 4 y4 VP i § R g
Ky wopp & L F Ve 8 ooy
; A
A DN LAY BN E06F . 6 v 6 vel D v |em s
2- WDRAT G woFF w6, 5w g
ST 60K @ o F & el 9 [en [pw g
ACID RESSTANT BRS LAIOFAT
Wi BITUMNGUS TS o F 3 yp 10 5 oG
CERAAG LNGLAZED ACID-RE5T TIES G o o P vp. B 5w g
(oW PLATES WiT S B
ShiD LAVER ¢ W& 6 & Yo b Liqq.laool
PERFORATED (RN PATES WTH g oD & & 4 9 6 kg
M AvER )
LINOLE ON @ YP ov.f YR OYPR 5oy P B4
RUSBER FlOQKING. G Ve vy oyrovp 5 ovp g
UEYBE PG AckEsle TS & 2 A A g v e povg
kT CHESMOMITS v s Py v G PR ® v
BITUMIKOJE MASTICS - fr» Foovy vg PO n oG
JONTS FUED NI SAMG W g G ooy @ f

TABLE ?4 TYPES oF RLOCR Fms%u (r \om(

REslsrAncs ro Amcn: By

LAY

M, §
Ty 13

BN

il

v &
v G
4
g

-

Foa) B = TR -2 N )

- G @ G

—— . A
AL RN Ho il
AL R ) ASHLATOY
Gl Wangey T T e AR o vA
Stwﬂjt o " LR Pty 0 CPARKNE, LLSTiNg kt[cg’iy/(g/
ol W SR e ikl
Kbyt b ‘ﬁ‘"";,m Y ¢
" '"'77 e 8 oz 1
wq F - WP P yp vs F 5
ve F A2 A A S~ %
4 F ve  F  wp owp f i
4 vPo= VP F yP VP 0%
Vg F - R f Yy P p ¥
P P Go f G vg vg T n
f VP - VF VP oye yg P 4
G 4 o6 g vPovp F [
6 & g & v.e vp F %
4 b by 4 & ) vp F 4
v ovE WG g o ove vop F 0
A S R A R R
|
Foovrh = wve yp o ovp oypop 1"
¢ 8 "@v VP ovp WP vp F ®
Foog  ~ aep vp yvp 6 Damg g
PG = F awE vf oy Dumd (U]
Foovg - F o anf e 6 Depd (k7]

L RAVESH CHANDRA DECKGN OF FACTORY FLoeRs (SPREF Te alas;HAkawa) KON CONCRETE SRR PP.bs-g, MARGH 975

TABLE No,27]7 THICKNESS & (ONPRESSNE STRENGTH OF STONE Fok TOP COAT.

|

To° COAT ' BASE COAT

S10NE Buoqc . CAND

Flook TyPE

GIONE BIOGK

o

W1 OF WARD CBUECTE FALING RN [ CABNG IPKCT.
Wm%m
THRVESSF ST, COWP sweu@m mc«nesso; srous conp smeusm

uPTo ks

PO Vo

f

" 1012160 mm {GOOK ’Cm‘

N1p200mn {IOCOK font ‘

F’ROPEKTIE§ CF BEDDING EJC!N’\NG MATER’AL Rk FLCCKf

o el c—— o wmane

e f 5 V-6 G F P
= yp ovP VPR 4 P&

G- 300“ V.- veny (:ooD F.FAR. 2. pook

v b vty oosk [ ] SPECIALLY SUTED Ty
RESHTANCE 10 ATTACK 8/




155
on the floors,

In pany struotures eleciric current at a high voltage
is used for various jobe, Also in soxe floors very sensitive
slectrioal inetruments are set up and used. In such instances
the floor has to have gooﬁ resistance to the flow of electfic
ourrent, which e termed as ditlcctrio property of floor
and shown in ¢0l.18,

4.2.1 Various Finishes

Various finiehes have baen licted in col.2 of table 24,
The capacity of resiotance of these 2105»& for the various
types of actions ia doaaribed ap very good (VQ), good (G)
fair (£), poor (P) and | very poor (VeP,).The type, specially
sultable for a particular action is indicated by baing
‘encloaed in a raatangla.

Conorete finishes: ﬁhcs&‘axa very commonly used,
their varicus grades being M10U, M50, M200, M250 and M300.
Conerete floors with bardeners vhere wear and tear is more,
~ Sone of the oconorets surface haxﬂanera’uarketaﬂ in India
ere purelite, ironite, hardonate eto,

Ordinery cement floors can resist temps. upto 100°C,
Special heateproof cements are available which can resiot
temperstures upto 800°¢, They are uged with uowal aggregates.,
For ooncrete resiastant o aclids, acid proof cement is used,
but the aggregetes used must be checked for noid resistance.
Asphalt concrete floor 48 mainly ured for ite dieleotric
properties and resistance to acids,

Paving brickes These conforming to 1833583 1966 have good
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resistance to impact and wear and may be used where heavy
wear and tear is snticipated. They con also withetand temps,
upto 500°C when used with sand, Ceramic unglazed vitreous
acid resistant tiles conforalng to I314457~1967 have good
resistance to acids and sare also sultable for floorings
subject to mcid sttack and abrasion,

STCNES 3

The types of stones useful for flooring are granite,
basalt, quartsite, sandstone, shahabsd, Granite is very
hard and rcsxsﬁunt to woar by abrasion or dmpact and is
perticularly suitadle for loading and unloading platforms
of industry, A broken stone can bo essily replaced. Keemch
and Mondana stones have fairly good reei:stance to scide and
alkalies and wear and tear.

Steel and C,I.FRoor Finish
Trey are very useful where heavy and round metsllioc
obJeots are moved.When used on aand layer they can remist

tenpsretures upto 1.400“&.

4,2,2 T0P COAY: THICKEBSS
Table 25 gives the thioknees to be adopted for wvarious

types of floors, which depends upon the types of mechanical

actions further explained in table 26, The thickness of floor

to be sdopted in the case of stone flooring is given in

tadle 27, which depende painly on the impact due to falling

objects,
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TABLE 257

o ¥ ‘

Fi LKNE LS O TOF CCAT

(5G-A

SrR. To¥F 3 MIUCHANICAL ACTION ON FLOOK
NO COAT e . T , 1) mnr fweae) ~ 77
_ LONCIDERABLE MEDIVMOR FAIR | LiIGHT (WEAL,
THICKNE SS' GRADE OF THIC kNESS|GRADE OF THICKNE S|aRADE OF L
laN mm  CONCRETE IN M ,CONC CIN N [coNC !
— l + { - 4 X - -
{ CONCRETE 30 406 25 300 20 200 ‘
2  GRANOLITHIC NOT APPLICABLE (NA) 25 8oo 20 200 |
3 ASPHALT CoNC 5D - 40 - 25 - !
4 XYLOTH WooD  NA NA 20 - 15 -
] CERAMIC AcID
REST.. TILES NA. NA. 20.5D - 20-25 -
7} ACID PROOFCONC . 8D 150 40 150 30 185D
2
TABLE 26 . EFFECTS ON FLOOR DUE TO MECHANICAL
o T L ACTIONG |
DESCRIPTION OF ACTIONS I INDEX . [ cows:oﬁ-] MODERATEI WEAK
' RABLE
— : & : —
. MOVEMENT oOF NO . OF :
I, PEDESTRIANS ON PERSONS - 500 & LESS |
M WIDTH OF WAY (N A DAY MORE THAN 50O
!
E
ROLLING OF ROUND NC  OF
METALLIC OBJECTS TRANGPORT L ROLLING . B0 AND LESS ABSENT |
Lke PIPES. - STOCK (N A PAY MORE . THANSD |
J IMPACT DURING FALL
FROM A HT OF IM, K& . 1o 5 —~do -
OF HARD ARTICLES .
. SCRATGHING PURING DRA- SHARP '
: OF —_— _BG&ING OF  INSTRUWMENT-JO - ‘
FLCORS | HARD ARTICLES |
WITH EDGES .
MOYEMENT OF NO. OF MOYEMENT
' POWER ( INDUSTRIAL) TRANSPORTING- 100 AND LESS OF ONLY
- CARS' ON EAGCH ~ MEDIOM PaAsciNe MWMORE THAN OO, HAND TRALEY
LANE OF TRAFFIC . PER DAY ON RUBBEK !
TYRES.

H

L

2 . RAMESH CHANDRA  Op-Cit | PP 105-1c8 .

E—
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BASE COAT: THICKNRSS
Ihe base coat distribute: the luosd on the earthen
base below, The minimum thicknesses for different types of
base coats are indioated delow:

1) Sand - 60 mm
11) Sleg ~ 80 mm.
111 ) Gravel - 80 am

4v ) Dry rudble pscking 200 mm,
v } ballast layer = 80 sm
vi) Concréto «100 wm
vii) Acid proof conorete~ 100 nmy

For concrete floors, the conorete for bass coat should be of
M100 grade. In the flooxrs where the concentrated losd does
not excesd 200 kg, 80 ma thick cono. £100r may be used.

4e1e3 Bedding and Jointing Materiales

~ This 10 to be chosen very osrefully so that it s also
able to withstand the various actions on the floor, just as
the floor element itself. Table24 gives the various bsdding
end jointing materials that are recommended for uae,
Cementicoarse sand mortar is the most ccnmon material, and
1t is exclusively used. It is very good for uss except whers
temperatures more than 100°C are involved, in such cases heat
resistant cement ehould be used, where acid resiatance is

dosdred , bituminous mastics or aoideresistant cesents should
be uesed,

4.2.,3 Requirsments for Pottory Industry
For pottery industry the floor finish must have the
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folloving qualities,

1) Resistanoce to abrasions, iaopaot, wheeled traffic

of vhcelad racks, industris) tmmoks eto.

11) Ease of cleaning for the cpilled olay ship or 4ry clay.
111) Minigum number of joints,

iv) Resistance to heat in kiln aveas,

v) Rsa&ataneé to acids for laboratories,
During the casting, £illing of moulds, preseing and jiggering,
a lot of clay,or slip opills on the floor and it allowed to
remain there,tonds to give rise to dust when dry. Freguent
cloegning or scraping is mobt deairébla. As such the lesser
the number of joints, the easjer it is for cleaning or
soraping. Hence for the main shop , o ocast in situ type
flour~£1niahliu more appropriate, Durability ie indicated
by the resistance qualities, A durable floor althaugb initially
¢ostly savea in the long run on 4te maintcnanca

4.2,4 Mequate drainege $o @ must for ell industrial floors,
' Ko matter, how well a floor has been laid, sonme mﬁhar depress~
ion vill slways be there, which would colleet liquids. To
avoid this, the floor finish should be sloped 1/80 to 1/60,
A slops more than 1/40 is generally dangerous and makes the
floor more slippery. The floor arca must be‘aeeigned 80 as'to
move the traffic aocross than down the slope,

The spillege of materials and liguide should receive
proper attention because some of the best materials might
show poor durability because of inadaequate cleaning arrange-

ments and lead to extra expenditure on its maintenance.
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Services in floors oan be best 1laid out in a floor
duct, which should be covered with removeble precast r.c.c.
panels. This system has following advantages:
1) Eoonomical
11) Easy access, '
111)leakage do not spoil the space as with overhead sarvices
iv) Basa of oarrying out repairs.
The top of floor duct must be in the lovel with general
~ shop floor 80 as to ensure emooth movement of trolleys eto,

4+2.5 Boonomios of Floor Finishes

~ In the context of industrial buildings the require-
rments of the prooess almost always dictate the typs of
floor finish. The costliest floor finish may not always
be the best suitable for the procesc. The cost has to be
gseen in the light of the iﬂvantngaa desired in terms of
durability, rupiatanes to impeet ard various ageats and
suitability to the process and subdbsequent maintenance aost.
Jable 28 gives g oomparicon on an approximate cost/sqm basis
of various floor finishes from which the final cholce can be
 made by studying cost visea=vie suitability,
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4.2,7 Summary |
From the forgoing discussion, tables floor oitations
and performence, following floor finishes are recommended.,
1) Production arecase o) conorete vAthmrface hardener,
' ‘ b) Granolithie conoreto.

11) xilh arQa and firing section; Heat resisting concrote
and concrete with surface hardener
respectively.

iu) Laboratories &) P,V.C,

b) acid resistant ceramic unglazed
tiles, -

iv) Offices, guest Mardble mosaic or terazzo
roons,

- ¥) Conference vooms a) P.V.C,

4.3, ¥alls

‘Infactories and mille, the structure is enclosed in
the masonry work like the works of a vatch in its case'.

The walls ect as enclosuren far‘any faotory building

and this skin, in the form of aurrauﬁding walls, performs
the role of a soreon between the indcor and outdcor condie
tiona, The first broad decision will Be governed by the
structural system and roof type adopted le vhath§¥ to have
loadi bearing walls or filter walls or oladding. Faoctory
act requires & height of about 6M inside the ohop and thie
influences the thickness of walle, Also the paramsters
1aid down by 18310051969 struotural mafety of buildings:
Masonry restrict the slenderness ratio to a max, of 1t
thoh gives a minimum thioknees of wall for 6M height as

G§0§§arnesé - *“*9§§9~‘n 394 nm .04 1545 dn.

ratio
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or ono cnd o halg bricko. Thio alno inplioo that tho
vall, cust hovo o cupport by wvay of orooco wall, column
o a pior at ovory 63 of‘horiaontul'aintanca. Thoso
parcmators vhon ouporinpescd gvor a 1SHnISH geid
(ouggostod oo o ouitablo grid for pottory induotry in tho
proviocuo chaptor) pooe follouwing prodloncs |

~ 8) Uhethor to bavo otructural coluon along tho outor
poriphory of tho onoloocuro for cupporsing tho roof.

b) or allow tho load bearing wallo to cupport tho
ondo of roof otructuro olong the poariphory,

The lnttor 45 obviouoly $hn anovor oo tho nin. thicke
nops conoe to l%wbk 1.0+ load Yearing, For supporting tho
trusaes, oo otipulatod by 18119051969, pioro should not
have a slondornooe ratio of more than 13 1,0. ﬁhs'ninimna
thioknoas of pior would be 6000/15 © 461 i.c. 18 in. or
2 dko. Tho ploro should aomo at a dd: tance of 3.75 I to
oult tho grid of 15Hx15H end aloo to koop the slondormooo
ratio vithin 1inito epart from tho ovorall stiffnosn, that
io achiovod, for tho long and high orgloning wollo of tho
factory.

43.1 FPootoro gor Chodce

The finnl choico 4o govorned dy tho vuriduo oonoidor=
ations oo listod bolouv. In cddition to tho abovo porcnotors,
tho dooioion hoo to be viewed in tho follouing perspootivo.
1) Structural stadility,
11) Booe of oleaning (Intornal ourfacoo)
111)Roodotanso to woathoring (oztoransl surfocos)
iv) Colour of tho matorial wood,



=16l=
v) cost,
vi) Ponasibility to extension
vii) Property to take up differont finighes
viii) Thermal resistance.
ix) PFire resisiance,

4+3+2 Chodoe of Materials

A judicious choice of building materials depending
on their physical properties will enuee better thermal
conditionz vithin the atructure,

a) Reflsative and Enisaive properties

The radiation impacts on duildings can be ennountered
very effeatively by choosing materials having favourable
reflective and emiosive characteriatics, fhcy are of
particular importance in overheated conditions prevalent
in our country. Materials whioh ret;ue§ rather than
gbsord radiation and which more readlly release the absorbed
quantity as thermal radiation will cause lower temperatures
indoors. The reflectivity of materials to solar radiation
largely depends upon colour of the surface, Vhite materials
have very good reflectivity and black cnes very poor. On
the othar hand thp characteristicn of materials in réegard
to long wave infrasred heat 4o not depend upon cdonr . Ald
surfaces, except shiny netal surfacep emit heat -radiation
opproximately at the pame rate. Thus for surfaces exposed
to the sun, white washing, light c¢olours or materials made
of light colour provide appropriate answer,
(b») Heat Tranemismsion Properties:

Heat percolates through the structural elements by



virtue of temperaturs difference between the extes
and internal surfacec, Thermsl damping and timeeles
dependent on the thermal propertiéa of the matoris.c.

Promotion of Radiation and Convection Losseo:

Vherever possible the areas of the expossd surfaces
should be increased to reduce per unit area solar-reldiation
over them, Horisontal surfaces are of particular importance
ae they experience largest heat impacts, The radistion
aexohange is direotly proportional to the effeotive surface
area over which radiation is diotriduted, For weetern
walls corrugated uneven surfaeces like alternating recessed
briok layers can provide largs curface area (Pig.3.6-1). The
rate of convective heat transfer to the outetde4a1r i8 aleo
- inoreased by edditional surface area. Louvers cver ths window
openings sho:ld de as far as practicadle olear of the wallse,
to all the free air moverment for cooling snd for reduoing
the heat conduotion into the duilding, |
447.7 Thermal Performance Rating avd Clasoification of ¥alls

and Roofs in Hot Climate

in efficlent building design involves not only funot
ionnl aspeots with raapaut to atructural sl space utilisation
but also the environmental aspeots, The enclosing walle
and roofs should be so built as to minimise heat stress
imposed by oxternal climate. The steady and periodic thermal
characterisatics, which in turn depend on the thermal resis-
tonce and heat capacity of the building components, provide
the basic indication of their relative thermal performance.
The oxposire aspect, orientation and the surface colour
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constitute & great deal in the heat transfor.

RBating Criteria
Sustadle oriteria has been evolved by CuBeRul., Roorkee,

for the roofs and walls and 1s given in Table No,Z29 and 2%a,

‘The. thermal performance index (T.P.I.) acts as a guide, for

making oholice of materials for construotion.

T,P.I1 It 18 the relative rating of the departmental duilding
componenis by taking overall effect of climatioc data,
thermophyeical properties of Puilding Seotions and
indoor air temperature waristion,

Table No.29
Basis for Thermal Perforsance

rating of roofs and
' walls,

L erforpance | of peffor-|Remarks
' PeDiHe g‘g ¢ 7 Indax T,Pelei | ‘ .
) | - Preferadle for
1. é 6°c é 5 Good ::ttnr atandaw
a8
2, > 6°Ca0% >75 <125  Fatr Acceptable
3. > 10%14% ~ 128 L 2718 Poor Unoatisfactory
4 Su1%e%  >51715<225  Very poor) Jory uncatis-
. ) Laotory an
Se > 18% >a25 Extremely) insulation abse
' poor olutely necess-

ary

iy _ S AN

Table 29(a) continued on page 166

Thermal Pevformance Rating and Claseiffoati :
Hot Climate ating laseification of Wallse

(valls with West Orientation and Solar Absorption Coeff(a) of
07 cement grey or drick red colour)

corresponds to eTele
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S.Nol Brick Walls

b ¥

2.
2o

4.
Se
6

Te
8.

9.

10,
1l.

2.

13.

14.

15

16,
17,

i8.

11,5 cm. s0lid Bk

23.0 om solsd br:tck
23.0 om, 80144 briok

3445 cm 50144 brick
46,0 om. s0lid briok
23.0 om perforated
briaok

20,0 om. bk cavity
wall

28,0 om wilQw

2040 bk cavity wall
filled with mineral
wool -

11&5 em. bk + 5,0
cm fron concrets

23.0 om o0lid bk wall

15 om. 1ightawt
b (800 ra/ad) "

15 om. light wt,
bk (400 ka/md) |

1l.5 oms s0l4d bk

11,5 om so0lid bk

o

2% om solid drick

23 om s0lid bk

. T 40051:5/ T4
»”)

 Treatoent ——To o1 | Yerfers
ixternal iInternal s i mance
1.25 om 1.2% om 164  Poor
plaster plaster .
- | ~30m 96 Pair
- 1e295 oOm wom - 93 Fair
plaster :
wii O =dom 64 Good
i O wloe 61 Good
1.25 o wdow 8% Fair
plastor _
1.25 on T .
plaster - =d0- 109  Pair
g T 0w 68 Good
wl Oue wil Qe 90 Faly
T«S om . L - 76 Fair
sand stone
- - 83 Fair
- - 92 Pair
« 5,0 om 95  Fair
light wt. 3
bk (BO0 kgn’)
“  wd0w(400 kg.®)
- Te5 on 85 Faiy
thermocole
- 500{3& bie Good
(800 kg/m>)
Good



S.80e Bri.ck usne

CONGRBTE PAHBLB

)

10,0 om precaat cono.
panel

2+ 15,0 om precast conc.

pann; - -
3¢ 2040 om precast aonc, - -

panel
4, 10,0 cn. fosmed cono, - -

panel (siporex)
50 12,5 onm, O - -
6s 15.0 cn, foamed cono,

(edporex) - -

- NOLLOW CONC, BLOCES AND
253333
1. 20,0 o denae hollow - 1.25 en
‘oono. blocks (2 holes) - plaster
- 2 2040 om denss hollow
3+ 2040 om Adense hollow

eonc. blooks (4 holes) - wll O
4, 15,0 om, denae oone,

-hnllaw panel (6 holes) - o

"% 15,0 om dense aono,
" hollow panelo (6 holes)

(£f11lled with foam 0OnG,) = il O
6+ 749 o, collular unit - -
Te 745 cme  «fO- ,

(£4lled with thermocoles) = -
8¢ 15 om, ¢sllular unit - -
STORB WALLS
1. 50,5 om rubble masonry - -
2« 38,0 cm. sand stone . - -
Js 38,0 om, granite - -

a23

175
135

112

95

84

136

142

131
in

125
21l

i
132

89
5
99

Fair

Poor

Poor
Pooxr

Poor

Pair

Very
poer

Poor
Poor

Falr
Good
Fair
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848c) Brick walle xfﬁ:‘“““ ?.2.1 ] @f_‘_
STONE WALLS CONTD
4+ 30,0 om. granite - 121 PFair
5« 15 om. sandstone + - 76 Fair
5.0 om air space+lS on
- samd stone
B+ =80~ granite +« %0 om,
_granite - az Fadr
SANDVIOR PANBLS
1. G.I. sheet. - 397 Extrepely
_ . poor
2y 0a64 0meA.Co sheot - 324 Extranely
poor
3. Alunivium sheet - 330 30w
4. AsC. sheats with 5.0 om
air space - 231 Vary poor
S5« AJ0s sheetn with 5.0 om
filled with azuminium
foils - 146 Poor
‘3.' AC, sheats with 5,0 om
thermocole - 100 Paly
T+ Aluminium shoets with -
9.0 cn. thormocole - 94 Fair
B+ ACo theets with N ,
* 10 om, foan cond., - 97 Fair
Qe AL, sheate with conc. - 90 Fair

From C.B.R,1. Building Digeat No,101

4,3.4 Internn) Finishes

The internal finishing ic of great xmporténca partioularly
in view of the dusty atmosphers. Having seen a number of pottery
works, it was obwerved that the walle gonorslly upto a height
of 2 to 2,5 M above floor wore covered with dust, Any finieh
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upto this height should be easily cleaned and should be
impervioue to the washing. This finish chould also be
dapable of takins a desired colour as per colour echene,
Vorious points requiring oonsideration are listed delow.
a) Basy to olean, '
b) impervious to weshing,
¢) colour of the finishing,
4) coet. |
e) appearance,
¥all surfaces near the roof should always bs of light
colour for a better distridution of light. The various

finishes hove beaon snumerated in Table No.30.
mable xp.san Internal E&niahna

8,80} PMunieh | Propertisa | Colour end Remar

1. Cemmnt Baxrd and@ good oan be finished Cheapest and the
plastor resistance to in varioun Bost commonly
veathering patterns and uged finish
and water solours. ‘
2, Glaped Tiles Hard and imp- Wide range of Expencive and ,
: ervisus., Basy oolours and reguires skilled
to olean pattarns. vorkaanahip
costiRa, 4 to Zé
- sft,.

5« Terazso: Hard and imp~ A n0.0f colours Not very expense
or mosaic ervious, can &nd patterns ive ,Good appesr=

be tiles or pocaidle, ance.
cast insitu
4. Stone Slabde Hard and Different Not commonly used
(Tiles) impexvious aizes €an form  in industries,
| ibilities,
9» Clay Tiles Good wearing Availadle as Used for the
' qualitien terra=cotta decorative
tilos and a purposes only

wig: range of
patterns poss
=ible.
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S.No{ Pinich

“Colour and| ‘
Propertied Battem, | TOReTKS

6, Ceramio Good wearing Available in a Bxpensive and
nosaic gqualities and varioty of good for
(Venition imperviocus colours white, sxterior finishe
Tiles) surface grey, bdlue, inge
deep red, Smaoth
surface,
Ts PuVele tilee CGood wearing large ¢ of Bxpensive and
' qualitien coloury not cozmonly
aocid resistant pattcrns; used. Not &
Basy to clean hard finish
though inpsre
vious
8, Vitrum Good weathering A wide renge Expcnaivn and
‘qualities and of colours and requires a
inpervious to patterns - 8killed worke
water, Basy t0 possible, nansktp . Good
¢lean, : for exterior.
only
4:.345 Summary
The above diecussion andé the stated parameters indicate

that a 34 om. (13§r1n.) brick wall provide appropriate snswer
for the encloaing structure, ?c: externsl finishing c.plaater
45 tho cheapest and the easiest answer apart from the faot
that it can iake any aolour wash. For internal finishes upto
2 to 2.5Mhoight, cement plaster and mossioc or terrazzo would
be suitable, The 34 om brick wall in addition to thermal
aomfort, provides ease of putting plugs into the wall at
any point for supporting service ducts/pipes otc. Stone walls
4o not provide thie sase,

For roofing with A.C. sheots ox aluminiue sheets,
a 2,5 om. mineral wool ineulation over the éitatox boards
is desirable, Mineral wool, in addaition to thermal insulation,
helps to absorb sound thus ocontridbuting to the acoustical
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quality of tho iatormal aroas, Thio oonto about 10 to
12 paloo/ofd. of £loor area. |
Oatarnal wallo facing OY or U, Chould bo vhito wvachod
and Sf ponsiblo sorrugatod with oltornnto projooting and
Pocosoing drick layoro, '

4.4 SUITABLD GUID ARD STRUGTIRD

Sovornl footors, funotional and coothotieal, have a
booring on tho prodlon on providing the noost ayprnpraafo
otrmwotural froniny and roof for o feotory bullding at thé
uaﬁimnm ovorall copt connistont with thy fLulfilnont of
all raquironontn. The ohoico 1 not cacy and hao to do basod
on o nunbor of conoidorations,

44,1 Rolovant conpidorations for o Poltory Induotry
Thoso may b brondly divided undoyr Livo ecatogorions
(a) Structural oonnidorations,
(b) Hatorialo of conotruction,
{e) Soxvicoo,
- {4) Aoothotion,
(c) Tuturo onponoion.

o brocavetvioaona aould bho furthnrvsubaivsaaa ag folloun

{a) Structural
connidorationn

(1) Spacing for inSornmal colunns govornad by procons,
machinory ard oquipmont,
{13) Cloar intornal Hoight,
{311) Bpoed of orootion
(iv) Poooibility of diomantling ond rooxaction,
(v) Cozt/ogn or c£%.
{vi) Ovorall woirht on Loundotiono.
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(b) Materials of
Constructions.

1) Special requirements of a process,
44) Nature of process,
111) Deeired floor and wall finishes,
Av) Esse 0f maintenance,

v) Thermal insulation,

vi) Fire resistance.
(c) Services .
1) Suspension of services like duots, pipes, tt;;,
#liplines, light-fittings,
11) Protruding ohimney through roofo.
111) Daylight considerations,

iv) Gensral ventilation,
v).Boof drainnga.
vi) Materiale Handling~ Introduction of industrial
trucke,
(8) Aeothetics,
i) External chape of roof.
i1) Appearance from within

{e) Future Bxpansion
1) Base of addition or extension,
11) Probles of expansion joints,

444.2 Steel and Conorete Structures

In Indisn oontext, the industrial strnotures are
linited mainly to the two zaterisls namely steel and concrete.
It is worthwhile therefore 4to study the merits and demerits
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in respect of these principal materials used for industriel
buildings. In table 31 every point enumeratsd, is assigned
a value out of ten, to glve its relstive merit or demspyit
over other materisl. This system of value assignment helps
to make the final choice easier and'fautarq(pugn i7%)

4.4.5 Structursl Grid.

Decieion as to the spproprintensss of column spacing
haa to be based on various factors. While ths singio epan
roofs without any intermediate supports ere the best as they
offer a oomplete froedom for process layout , thease sspeots
should be viewed in the following perspsctive,

(i) Sice of the biggest machinery or equipment,

(11) iny particular procens requiring maximum upﬁne including
ciroulation space,

(111) In abmence of intermediate supports, prodblem of suse
pending aservices like ducts, slip lines, pipes etc,

(iv) Comparative cost 0f & single apan roof vicwasvis the
roof with {ntermediate supporte of coluems or stanchions,

(v) Areas requiring gantry-girder servicec for handling

of materiale.

- (vi) A colusn apacing that would allow free novement of the
industrisl pallet and fork liftetyucks should the faotory
switch over to '‘mechanised-hendlingt aystems for
matorials and products.
The minisum area requived for machinery or equipment |

Oor process in case of Pottery Industry is as enumerated below,

This consideration is restricted to certain pachinery or proce

esses vhioh influenoe the column spaoing.
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Table Fo,32
Hachinery Bquipmente, Processes and the Column

Spacing
“Machinery S U - )
S.No  Minimum space required
%94 Bquiprent or TongthWidTE | 450 uding ot rons s g
bl —Lspaoe sround
1. Ball M$ll, A 6t g 1530" or 4,5 M in one
auﬁ@ti@ng 4 .
2+ Down Graught kiln 30'«35% in dis, 52;;0;::50'-0" or 15 M
%e Tunnel kiln upto - 40'w50! 50'«0* or 15M in one
400*'«0* inoluding direotion,
3 troocks
t.OF 40 fO%or )
4. cﬂn‘v&yﬁ? casting to éggc.g' :golg;m 40%-0 or 128

5e

procens

Froe movement of
Industrial trucks-
as envioaged in futw
ure development and
mechanised handling
ayotems,

nould
dryer

50'«0"x40'«0" a oolumn
spacing as racomzended
by Hanufasturers of
handling equipment,

iooking tc the above table and also with personal disce

ussion with faoctory-owners and ceramic engineers, a column spacw
ing or a structural grid of 5é'~3“150'~0* or 15Mx15M is ouggested
for pottery industry. It gives freedom for the process layout
which can be oriented in both the directions, It may be noted
that in Amefican and British industries a 60'=0' x40'-0" or
18Mx12M i2 the nmost commonlymaed sotruotural grid,

4s4.4 The ohoive of Boof (fign,4.4wl to 4,43)
Having considered the column eépacing and the merits and
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demorits of concrete ond steel utrua?uraa, finally the
type of roofing has to be selected. Factories deing large
coviraa spaces, have to rely cn somo form of roof lighting
for ito major central area and that side lighting alone
- would be inadeqguate. Drsinagelia another important factor
the nesds consideration, Following types of roofs are
considered for the suggested 15Mx1SM grid.

Reinforced Cement | Stesl
Conerate . : - _ .
B, Horth Light Shell  #e Northlight roof.
be Conoidal shell b. Northlight roof with
L FeSe | principal raftor
¢, Barrel Shell : ¢« Tubular Steel truasea with
: nondtosr.
. Waffle floor slad with 4, Tmdrella type tubular
monitor, - trupses with skylighting
e, Hyperbdolic parabolideé ¢, Suspension atructure.

f. Polded plate.

4:4.,5 Roof Type and the Cost Consideration

The overall cost of a roof depende upon a nuzmber of
faotors, and 4t should be seon vissgevio the advantages
offered by a strustures The choapeast struoture need not
slways be the choice if sdvantages are missing.

Stell roofs ere competitive for areas over 800 oft.
#rovidad atlezst aight units are built to reuse the shutterw
inge | |

 Tabular stesl work in roofs weighs less than .
3 1bs/eft. and resulte in the greatest iconomy by way
of reQucad weight of stesl,
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From the daylighting point of view lantern 1ight
chould be prefered to skylighsing to ensure a uniform
. 1ighting indoora,

For having some idea as to the cost of various roofs
enlicted, an estimate was made based on the cost of materdal,
quantity and labour and tabulated, It includes only the
truscses and roofing materials, slabs and beaha (for concrete
roofs) and does not include columns or foundations. This
would wary from place to place, and every year and as such
‘gtvqa idea of relative costs of dithront roof typce.‘

Table 33 |
Cost/sft. of soms roofs for 15Mx1SH grid

R.C0. Struoture cost/oft, Remarke
a) North light shell Ro46.50/82%, Cont inoludes concrete
| ' work above columns
h) Gbnoid&l ghell FQ.SQOO/ sft, wdOe
¢) Barrel Shell RS48.00/cft, “dom
d4) Vaffle floor slab R8,.6,00/aft, o=
greey ' ' - e
a) North 1ight - Ree 8.00/0fte Cost includes trueses
- ‘ . and covering materialas
b) North 1ight with Roe Te5070ft, ~d0w
TeBeJs principal ' '
ratier ' ,
¢) Tubular steel B8, 5.50/aft,
trusses with
monitor,

4) Umbrella type tudular Rs. 5400/0ft, “;222;33“03‘;§§§§,§3
truscen, | ' - weight of materials
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ADVANTAGES

.. GOOP DAYLIGHT

', LECSER MAINTENANCE .

. GO PRAINAGE .

EEFICIENT USE OF MATERIALS.

DISADVANTAGES .
UNECONOMICAL UNLESS |

EIGHT UNITS ARE BUILT . h‘

SUSPENGION OF SERVICES

~ DiFFICULT .

. SLOW ERECTION . NORTH LIGHT SHELL
. CREATES ACOULSTICAL PROBLEMS,

L d

G -
- . B . . ]

. e - e - o e —

ADVANTAGES | ASTHET(CALLY
. UN[FORM DISTRIBUTION
OF DAY LIGHT . -
. EFFICIENT USE OF
MATERIAL . '
. COST OF CENTRING
'DISAD: ECONCMICAL WITH
MIN. 8 UNITS . '
. DIFFICULT TO DESIGN .
.. SUSPENSION OF ~

SERYICES DIFFICULT . —TTT,
., GIVES RISE TO '
L ACOUSTICAL PROBLEMS.
CONOIDAL
_—— SHELL

© ADVANTAGES)
. SITE FABRICAT(ON PosSIBLE -
. SUPERIOR FINISH .
. FASTER ERECTION .
BOOD SOFFIT APPEARANCE .
. SAVES ON CENTRING .
. GOOR THERMAL INSULATION
DISARVYANTAG ES | '
.1 . DAYLIGHT PossSIBIUTIES
‘ ONLy WI(TH MONITOR .

., SUSPENSION OF SERYICES
DIEFICOLT | WAFFLE FLOOR SLAB .

. DIFFICULT TO WATER PROOF.

— N
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ADYANTAGES

o GOOD DAYLIGHT

. FACTER ERECTICN .

. SUSPENSION CF SERVYICES
FAaSy

DISADYANTAGCES !
. REQUIRES REGULAR MAINTE NANCE
. POOR THERMAL INSULATION
. EXTRA 1 ”» COSsT .
LEAKAGE FROM GUTTERS,

. Ka)F ¢

ADYANTAGES
. FASTER ERECTICN
e LIGHT WEIGHT .
» MOST ECONOCMICAL. .
. EASY SUCPENSION OF
SERVICES,
. GOOD DLAYLIGHT.
DISAPYANTAGES ;
. POOR INSULATION
. NEEDS REGULAR MAINTENANCE .
¢ LEAKAGE FRONM GUTTERS.

TUBULAR STEEL TRUSS
WITH MONITOR .

ADVANTAGES

. FASTER ERECT(ON _

. EASY SUSPENSION OF SERVICES
» ECONOMICAL .

e LIGHT WEIGHT .

/
. DISADVANTAGES 7V

. SKYLIGHT GIVES RISE
TO GLARE - -
e UNUNIFORM LIGHT DISTRIBUTION.

UMBRELLA TYPE

TUBULAR STEEL TRUSS,

- TJF LG
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" ADYANTAGES !
| .« Goob DAYLIGHT & THER MAL INSULATION : :
. AESTHETICALLY GOOD, !
| . EFFICIENT USE OF MATERIALS | -

' DISADVANTAGES ; HYPERROLIC

. CENTRING NEEPS SKiLLEp WORK. PARARBOLOID.

| . DIFRICULT DESIGN o '

| . SUSPENSION OF SERVICES NOT EASY.

ADPVANTAGES ; |
. GREATER SPANS POSSIBLE . '
» EFFICIENT USE OF MATERIALS : ‘
FLEXIBLE & ADJUSTS FOR
LOADING.

| DISADVANT AGES, ; |
| . UNECONOMICAL FOR =
} SPANS LEss THAN 100"

. STIFFEN(NG ESSENTIAL .

. DIFFICULTY OF GETTING
STANDARD FITTINGS & SUSPENSION
HOLD FASTS . STRUCTURE .

ADVANTAGES .

. GOOD APPEARANCE -

. » DAYLIGHT.

. » PRAINAGE

. » THERMAL INSULATION .
ALTERNATE SIDES ARE IN SHAPE™

« EFFICIENT USE OF MATERIALS .
DISADVANTAGES,
EXPENSIVE FORMWORK

+ DIFFICULTY IN SUSPENSION
OF SERVICES . FOL.DED PLATE .

e _ A - o _{Ea
ROOF TYPES: 443




There are a numder of advantages offered by

& height of 5.4M to 6M abava'rloor. This has o prersquisite
of otiff columns which should be designed againet possible
buckling.

~ &) Menzenine floor can be easily introduced with

suffiolent head room to both the eubfloors, |

b) Pacilitates orossing over of services like duots,
sonveyers, pipe I;ﬁng eto.
| o).Allora overhead handling adove the plant on
floor. o -

d)‘Parnxta full use of atacking trucks,

e) Holps thermal insulstion to some extent,

f) Poychologioally, for vast areas, if the height
i lees, a faeliag'of depresaion is likely to arise which
An ovaroom!'ﬂith aﬁaquate height,.

g)'@ha ?adt&riaa Ast gtipulates a minimum height of
14-0* for r.c.c. slab roofs and 20'0" for trussed roofs.

4.4.7 Sunmery

The foregoing dxacuanioa lays down guidelines for
making the final choice of roof type and the structure. For
pottery industry, the steel struatures have obvious advantages
over concrete ones, namely

a) Faster erection, posaidbility of dismantling
and re-erection.

b) Bmse of suspension of service duots.
¢) Chimney can protrude st any point of the roof,
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4} Bxpansion of bays is eaeier,

In view of the above, and the I5MxI5M grid and the following
atructures are euggeahd. in oxder of preference and based
on overall nerits,

1. Tubular trusses with monitor.
2. Steel North Light trucses,

5. Umdbrella type tubular trusaes,
4, Conoidal shell roof.

5. Polded plate.

Aluminium sheeta are preferable to A,Cy shoots g3 & owaring‘
material over steol wrucoes because, they reflsot 85 to

90 percent of esolar beat, require no mpintenance, they are
ughtdr. gtronger and henos aafer, During maintenance ,
aluniniun sheets are more safeto be walked over than the
A.C, chests, |
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SHARTER ¥
CONGLUSIONS AND RECOMMMEDATIONS

5«1 BACKGROUND

It 4s now recognised that the areas of common ground
between architecturs and Civil Engineering have expanded in
realm of inﬂuttrial,'ﬂbchahacal ¢+ Electrical and other
specianligsed enginsoring projects. Their importance is a1
the more in collsboration rather than demarcated worke
4n seclusion oOr unrelated compartmentalization, Moderniga-
tion of this vital inter-disoipline leadsto superior recults
in all $ts enoompassing aspects. Further in the later part
of the 20th century, architecture hac made‘a'apaoialiiid
néntributian in respect of costedynamics by new rational
approach that aay structure infused with aesthetic qualities
of merit, need not cost more than a similar structures,
less pleasing or drad in its environmental coordination
of the interiors and exteriors. |

in this dissertation, the outhor has sndeavoured +o
foous attention on the many problems sonfronting the
architects in the deoign of induetrial buildings in general
and pottery industry in particular, followed by an analytioal
discussion on the oriteris and prinoiples pertaining to the
design and caﬁctrnotion of this industry.

The working environment has bescome as important as
the production prooess to achieve overall operational )
efficiency. Why oan't the working in factories be made more
enjoyable with a olean, well 1it, ventilated, colourful
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and sooustically satisfactory interior with an enclosure
that satisfies the thermal and structural requirements?

$+2 CONCLUSIONS

Bsch ohapter has besn summarised at the end of its
text, However to render the reforence ot a glance easy and
in aonsolidated form, these have been given below for reader's
conveniance, Based on the studies presented in this disserte
ation, the following concluaions ars nade,

i) The most significant conclusion to be drawn from the
study, in that arahitect with certain pﬁraonalis:d studies,
is %s only specinliat capadble for providing appropriate |
snvelope for industrial uildingws, He s the bdest coordinator
of various specialiets and their services.

11) Architeoturs of industrisl duildings should de viwid
enough and enhance the landsoape.

1id)Industrial buildings ahcﬁid not upset the ecological
balance. -~

iv) Industrial buildinge should be functional in every
inch of its space,

543 RECOMMENDATICORS
These are divided under the following droad categories,
a) FPhysioal planning and orientation,
b) Peychological aspects and the indoor environment,
¢) Fabrioc of the factory, |
4) Velfare of employees,
e) Migaellaneous. o
A system of key-yeferences is introduced to facilitate a
quick glance at the relevant text, with its oitation againat
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¢ach recommendation,

(a) PHYSICAL PLANNING AND OREENTATION

(1) Appropriate ssquence of oorelation of varidu:
units should be the basic for planning (page 45-49, Pig,
1.5-6/7 pars 2,1.2 and 2.1.4)

(11) valls of the main work areas should be as free as
possible for openings and the supervieory staff. This
vould make. further expaneion ponsidle in any direction and
openings would provide ventilation and visusl rest centres
for tired workers (page. 55, Fi£41iﬁ*1Q,Pﬂrﬂ 2)e

(114) Spesoial requiremsntc enumerated ahould de consi-
dered while working out the desizn requirements (page.62-63,
pars .2,1.6). |

(1v) Whersver pomsidle 1531256 recommendations chould
‘be followed in respact of minirun standards for faotory
 design.{page 25 to 25, para l.4.2).
(v) C111 level of windows should be 50 om. above floor

in view of a low workeplane. (page 122, para side windows,
Pigs 2.2-1d)

Handling of Materials
(1) Doudle handling should be minimissd by way of
sloping storsge bins (page 70-71, para 2),

(41) Pactory should de planned as one-level floor space
for easy movement of wheeled racke (page 65, para 1ii).

(111) Mechanical handling should be introduced with
respeot to stage of production. Power trucks should be used
only for the fired wave and manually operated whesled racks
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for the stage of formation of ware (page 67-68, para 2.2.,2,
fisg 2‘2.1) *

(iv) Furniture and wheeled racks used in formation stage
should be soft lined with sponge and rubber and furniture
should not be fixed to the floor to provide flexibility in
1ts layout (page 76, para 2, £1g.2.2-3, 2.2e4).

(v) Door openings in firing and warchousing section
ghould be 3Mx3M for movement of power truoks and with shutters,
sliding or rolling type (pege 83, para 2).

Orientation

(1) It is atrongly urged that whersver possidle, the
orientation should be followed as governed by the latitude
of a place (page 144-143, Table 23),

(11) langer walls chould faos North send South to mini-
mise solar heat gains during sumner, and western walls should
be insulated and used for gokowno, otorage etc. (page 144-145,
para 3.6.1a, page 150, para J.6,2)

(444) Boof glasing should face north ér south (page 146,
para o).
(4v) ¥or wventilation, in addition to windows, &
system of adjustable rotating type roof wind catchsrs should
be adopted.(pege 145, para b),

(v) BExternsl unrtaahs of ro0fs and walls should bs
1ight coloured to minimise the heat gains (page. 163, para 4,3.2a)

b) PSYCHOLOGICAL ASPEGTS AND THE INDOOR BRVIRONMBR?
. NOISE CORTROL

() Siip House should be separated from other departe
ments with & full height wall to prevent transmission of



w8k
noiss (page 96, para (1),

(11) Trolleyc with rubber tyres and buckets, containers
of P,V.C, chould be used (page 96, para (ii))

(131) Charging platform over ball milis should have
absorbent soffit and use of suspended abdbsorption unite
near jaw orushers in recommended. (page. 98, pars v).

{1v) Workers in alip bouse should have change of shifs
- %o other departments every 4 hours, to reduce exposure time
to noise (page 99, para v).

(v) Use of ear plugs vith 80 percent deafening capace
ity ia recamnaaded 80 that warning noice from maohinery ocould
be heard and subsequent injury or damage prevented (page.99,
para (1), Fig,3.2«2)

Dust Controls
{1)Pxy grinding processes should be enoclosed from the
aliphouse (page 114, para o)

{14) ¥Yorkers engaged in ahaﬁging of jaw orushers, ball
mills, loading and unlosding of downdraught kilns should use
dust mask or stleast a massaline cloth covering nose and mouth
(page.114, para 3).

(111) The fettling and spray glazing operations chould be
carried out only in ventilated hoods. (page.lll, para (),
Fige3e3el and 3,5«2), |

(iv) Use of industrial dust-cleansrs is reccmmended for
fast removal of the spilled material (page 113, para (o), Fig.
Se3=2),

(v) Workers should be compelled to take bath with detere
gent sosp at the end of each dey's work and as such,washing
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faoilities should de provided acoordingly (page.ll5,para (f)).

lighting

1) There should be more reliance on day light and to
get the required DF m indoors, glazing arca should de in
relation to floor ares.(page 120+122, Fig.3.4«3),

41) Illumination levels should be in accordance with
I816060~1971 Code of Practice for the day lighting of faotory
buildings (page.l18, para %.4.2, Table 14).

111) Use of day light fluorescent tube 1ights with
'inbuilt reflectors' is recommended for the dusty seotions
1ike slip houss, fettling and glasing hoods, (page.127,
para (o), Pige3.4-4).

iv) For correot colour-identification use of daylight
fluoreecent tube lights is recommended for decorating sect-
fon (poge. 125, pars 3.4.6).

v) Overall iighting system shauié be based on domhinat&nn
of Zluorescent tubes and filament lamps as a precaution
against voltage fluctuation or power failure (page. 124, para
3.4,8) and (page 126, para (a))

vi) Fire fighting equipments should have adequate illue
mination during light to overcome Purkinje effect (poge 135,
‘318¢505'i? para 305&3); 4 .

Colour
1) Colour scheme should be dbased on cool colours shch
‘a8 green or dlue with predominance of light coloured surfaces,
(puge 139, para 1 and 3,5,5).
11) Prefersnce should be given to pastel sheades over
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glossy, and bright colours to minimise the glare (page.)36,
para JeGeh (S)) .

141) ALl wheels, levers snd fencing on machinery
should de given & warning colour for early eye deteotion,
(page. 137, pars 3i4).

iv) Wells near the voiling should de white for
unifors distribution of light (page.l36, para 3.5.4(8).

Padric of the PFaotory
Floor Finishes

1) For work areas, use of conorete with surface
handensr or granolithic finish is recommended, for firing
section use of heat resisting conorete floor is recormended
and for adminietrative areas use of terraszo or mosaic and
lfor'laboratory use of acid resistant tiles is recommended.
{page 157, para 4.2.3, pags 160, para 4.2.6, Tadle 24),

Valls , _ .
| 1) BEnolosing walls ahnﬁmd be of m§”brick thickness,
with external surface plastered or cerent pointed (page
161-163, para 4.3 to 4,32a)

. i1) Internal surfaces upto & height of 2.5M to 3K
should be finished with mosalc for ease of cleaning and
the poseidility of desired colour with mosaic finish (page.
. 168169, para 4.3.4 Table 30),

Struoture
4) 4 column spacing of 19Mx1S5M is recomnended as

representative of econony, a reasonadble dsgree of flexibility
and minimum odatruction to process or mechinery(p.175,Tabdble 32).
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(1) Tubuler atesl structures should ba preferred to
r'«CaCs structuren for the various advantages
pertinent to pottery industry (page. 173~174, Tables 31 and
33). |

(141) Roofa should have therzmal imsulation to minimise
heat tranemission indoors (page.ld8 Table 21)

(1v) Preference for struoturs (in order of merit)
Tabular shell trueses with monitor, steel N.l. trusces}
unbrella type tubular trusses; conoidal phell; folded plate
(page 178-179, pare 4.4,T, figs.d.dul to 4.4.3)

(4) WBLPARB OF EMPLOYEES ‘

4) Pacilities like wash roomas, canteens, toilets, drinking
vater, recreation, rest rooms, grain chops should de provided
(page 23 to 25 pars 1.4.2).

J11} Precautionary measuves like dust maneks, bath at ths end
of sach days' work, use of spitoons, should be enforced by
the management ond so also the regular medical (checkeup
system (Page. 115, pare f),. '

(®) MISCELLANROUS |
(1) The I.S.1, end offioce of the Chief Inspeator of Faotories
should establish better coordination and frame gopprehensive
parogeters in respect of minimum standards for fectory design,
(page. 36~37~ 2era 1.447).

(14) The 'I3:5483-1965', Code of Practice for Noise Reduction
In Induetrial Buildings' should be revised in respect of
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SPL and the time of exposure as pointed out (page. 95,
Table 7 and Para-Obaervations),

(134) In general, & gocd house keeping shouldpe sorupulously
followed in respeot of, cleaning of floor spillings, roof
glasing, walle, lighting fixtures, periocdical colour
wvashing, oiling of mohmry. This would render the indoor
environnent ever clean, frech and hyzienic, colourful,

quiet and consequently conducive to sfficiensy., . |

The author hopes that the suggeotions will prove
useful, in planning of now factories or in improvement
of existing ones, If this work han helped in throwing some
1ight on the planning considerations of an industry or even
kindled in others the urge to carry it on further,the
Guthor will feel highly rewarded, |
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Iothed of conveylng wov catorialg to producticn ooons
Taeent of eochondent hanﬂmn%.
Schotalo of nochdnory, wolchto, olpog, Wpo of countings,
Cotlirun icaptho, tﬁﬂﬁﬂm lm:&ai‘x%a Jon procagoes and udrldng lovals,
fopuant of tngto Jron oach soy matondl ond 4Co soooval.
Fatare of ¢ffinants Srot eadly proedss oad cothed of dopoanl,
liothod of otacting procosecd orviclog,
nmoction arrangononia,
ﬁsmragaa racadrad for onch procoan 1.0, clectricity, wadern

8 ate. ,
Woon, tuming circleog otes of matorinl « oving meiinony,
Dnylich roquinotonts £or procossos, ‘
Zemporotnre and handdity conlool Jor procoscos.

THiroo, gt fivea ol8 LYy procossos.

Neato lovod in doclblon, :
Zotnl nunmbar 02 porocns lavelved 4n prodiellon procoss rolo ond
LopniOs
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PACTIDG

t.cﬁmcg g;‘a g@*ztainin Lindshed articlon, sise ond woight of oach
POt .
Yoltso o Q;atm”cﬁcy 02 avticlos stored prior to pocting.
Choednl pocting arzongencnts for onports or long dlgtencs dolivevy,
Castong, D omtatnorg, Bosog ote, produced on olt0,
Iatane cS' paciing mta,lal
Mra ro%:acm ﬂaquma for contmotibic. pociingy matoriolo,
“"'tmu 0% nechaileal hoeadidnge
turning cirelos ote, for tho hondling ochipmont,

0
: f;u'-v‘coa rom i&.x:‘o& in pacing procoasos,

Cotal imm,a:* of poroons in pocting ~ palo and fonnlo,
Arcomperonts SoR chodh: encﬂ.sa ofleors.
MAAct v:::.imhnya, wtolch bridpeo. :

AT ECUSING

I¢ong t:o to stored in taro houm.

Inthed of doelivory in waro houno,

othod aof han@ldng in varo house.

tnthod of otacking in wnro hnum.

Iunber of sonaroto cotororlos of ator

Lmﬁiag/un&m&ina platforns, lovolg e£ %mchmlm‘:fnmn, stop-baois,
Zotal nunbor of porsung . fonaie ond malo mm

Dapreo of £are rusigtonee reguired.

TIIECLD DAIDTIIANCD senvIcs
Tanbor and tyno of vehdclon.

- Dasent of modntonaneo umaz*m!:m;

Pit oysten, 14f%0, cotprostors, uashing aﬁmngeﬂmm o0,
9%5' ﬂ%?ﬁm&
Tofelling arrangosonto,
mnw of vahiclog ¢o b MBﬂﬂa
Dotal sunber of porsong dnvolvwed,
Fotuzo of oaterials used for constmotion of €arvico aroas.

SILDING IATESTIANCT SERVICE

Geopo of worl undertobon.

Liat of mitordalo dn stovago.

Ovorsll Wk cleaning aveangonunts,
Coorall oflice cloaning avrpanponenta.
Total numbor of porsono involved,

YICHADICAL, THCHMTNUNG. QUAVICT

decoo of worlt undoptrlien.

Iunbor omd tynos of naintomnceo wortishopd,

Lot of fimed cqui-cant alenpuith Choir 1oods for foundations,
Sorvice rocuirccont in procogsos,

Storaro mgxz‘*m&mﬁ.

Total mnbor of pwms involved,

Corapansoed adr comwleo,
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RO MID DRI OTTICTS

Dranrénonts « vboro $hoy avoe poquinod,

geletitto of popsoao by grodes,

Mirndouno ond storaro roquirenants - £iles olo.

Conps of usc. o ,

Dogersiel grounidng or associallion of porooo,

Intoreen crd Colephono Lacliitlon.

Dalationchip « gororal offices, rocoption mmd showreonis,
Loy otrong roons Zoi gcosh dopantnento.

00T M, ACCOIZODATICE

Cany poony potopilon, wdcing roonma,
Seornit. :

Conlorsacd Pesiid

LAboany, dapls poeng oo,
Laboratorion.

Tonindng contio.

(ucot holico o2 Mo,

indical contoo,

Zecpo 0f chordenl vorl: underiolion.
nrdare ond ogdpront foquirod.

I.ms.zﬁ‘eal control {(Antonnl)

Az conditdoning roqulraed for ofilceg, laboretorlon, Shorngo
OF procnassd « candral of windou Stypo.

theelal tarmoratuyo, meddity reguiroont.

Toat seuree - honting syston,

ol atoraro

Foat distriintion mmd oxlasicn.

%ggmawﬁ%ty of gmﬁﬁt}?ﬁh beat,

P oying soquds procosg, \

Ventilotlon, aurbor of alr chanpes ou,

ot contred by oot oyoton,

Use of indnstrlal dugt cloonopg. |
A7sisiciol wichting - colourg, fliumination lovolo, Cypo
of fittinge oba,

Sehetinle of £ightdng ooqudnnent, ‘
Datture of procasseg end notoniale and ¢hely commatdbilacy,
Chcsenl arbtinghishors, omzdntlor gysten, f4ma alor, hydronts,
Iaong of 6aeang.

Mro brigeds Solephono munbe2, | | ,
Dopen of ZApe yoslotoneo govormod,ty typo of oatorinlo used,
Mro inouronco,

CUIZITICATRGN G
Dol Soongooiia

it Srangnot ond noarest pailuny gtation.
Untor %L’{ma?;}ams
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’:1'{."3‘18' PACTE.ITIN0

gceno of .?nczlﬁ.vicn.

enoing - o8al? uml vosiio cecus:iﬁy atagl,
regacational « Joz otol? e.ngl 0.

TS DOt

tach moonn, toldcts, arinting uatow, lockor goooi.
Contarn Fned11800 = a"\,a tivchen, %o:zlc“‘s atoago,
Litchen gand, ::’*.ml, acccas to f:r:uc’.:a veag otc,
Weat oldd reons, _

{)F},}m uuwuat

COgIAT, IMWINTITIER. 0P SRAIT/IDTILND

Fonteetive otlvng anaa:mnmcnt o nd 050,

vechon m"m;

&gusnsv apaongorent.

ot maglzg, ovach holmts ete. csm&ca, roddo active p“ﬁﬁmfmu

COMCEAL QOTTINTIITED @ DUILDINGS

Floor finleh « acld, oilinld, irmnet abmsia::, oil rostotant ote,
104 « eolour, c&mmwfﬁy inenlation,

ol - hei!.::hi: incnladlcn zfcmm:cé, untelenroofing, adnlosion of
14ht @@ venddlatlon,

Stouctuso - culielle geid, Cnot oractlen poosildlity of Cdocontaling
o1 Sowcrottion, Tasd of cagyonding Miobs, 1rhting cmym-xe ote.

et ghf;s 49 pog proclas.
evatod s'::c:ﬁ'aga tamtzs fop cld, unlor, ote.

& i,‘u,

Pariing foo cors and lorlog, _
cm"a,,ﬁ.m oo covored azoag Yor abovo,

funbon of mcyelaa, gepotors, cotorecyclos, eavo ond otall caprg,
Potogtooln Srnlile.

Cosanation of vahienlav mnd podontonin teaZdlic,

CCLZT0L

Choching in arwancooomis,
2in0 olllicog,
Cotant cai::!.nn ith offico,

rmm
Udcht mi:ch{sammty.
Acex-modaticn o coenpity otadfd - roanldontiol - p*'c%mmy on odtd,
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- APPIDIX IV

DOTULITING T07 AODN0VAL OF PLAIO

foenlteet caculd bo comveramat with tho prooeoduso for ahproval
of pleao 1a romeed of Industriod Mlldings,  She Sinnt opproval i
clven Ly tho Chlof Znspoctor of fnctomios of romectivs otalos. Thdg
proeciniy, as lald dutm dn tho Coctory mlco 16 given Yopothor dth
tho fuzng (Uold ¢ ) ond tho aeectyrying enestiomnndso that 14 %o bo
grened Co Ford 'ol.1. 3T alcp mpoedflos the typo of drawings and
informaticn roquimad ¢ o mbddted, Avehdsoeet cna mmneez'ﬁ toth :
ary ecanldozed ag qualiflod porcono to give o cortificato of otabllicy.

AzeidCoet allop golting $ho procoss ddagran fron porufaciusop op
tho corariie engintor, oiould proparo plan within thn Zramouont: of
plomming papenetors as laid down by 1,9 coda ond faetorion Act, in
ragpoet of mindmn otondardo ond with duo topard to Sho folloving
saotiong ond cugoetions @

(L ool th

- Qlomnlineas, dopooal of uastes and offlucnts, vantilotion and
tomorature, dQust ond fume, artliZedal mridilteation, overerovding,
1ichting, arinhing untor, 1atorinos and usinals, end gpit rooma,

{2) Bafoty

Fonelng of pachismory, vorlt on of noar aachinory 4n cotlon, caning
o2 noyr tnchinog, kolots ond 1i%o, 2420¢Ing a?&gmne, rovolving
ooeidnony, prossuro plan®, floovs, oteirs and noans of [CCeas,
plts and miseps, oxesssive ueights, protectlon araingl Cive,

{(3) Mifora

thdhing faediitlon, Secilitios for storing ond Arying clothing
gl oting, f&m‘c‘aﬂmfvappmamw, conveona, sieltors, rost roong ?a;a
iunch roong, omochos o,

In caso of moclol situstions ond 10N emition, he should olbdain
clarificntion on provisions of act fiun tho Doglonal Faotony Ingroctor,

(neo tho plang aro mibnitted to the Roplonal Tactory Ingpootor, ho
on gexuiting, soegrmends 46 Sor approval, to tho Chief Ingnooor. of
faotorlos. Tho Calog Ifnsnoctor rn. gondg coprtifiento of gggmval,
to tho roglonal octory inspector with 4%9 copy to Gho appiicant,

2% Dofora the onoentlon of plang, 1€ 1o na’mséaﬁy to tato concurraned
Lyon | _ -

gﬁ, ?.'10(1:'11 m{::wmwa N

% Tloctriedly Doard. (for gront of moquitod povor). .

. Loeal Ziro onthorilty (200 provisien of fivo flghting oistiont
an stlpuinted by thond, . A
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napla Oven Pactonieg Dutos Coedlcn G(4) and 18,
Mooveld of plono ¢+ (3octlcn G(1) & 213).

o Bv1ding In a Zectoeny thril bo conotaneted, reecantmnetod or
coremind nEn ey DoeufestiAng nseesss Lo engtlcd o A Y

Padine eamgtmietad of couemied op aotca Mo Lo as o faclory
aluns G daso of cnforeenant of thls mlo: , unloos proviens
AT ageien &n (riting 46 oblolned fren tho Mtato Coverarmat op
The Ghled Inmocton,

fo-ndeaticn 200 cach Qavsﬁasﬁm ganll bo tade to $ho Calct Ing.
poeton of Dactosles (hreush tho Inchoeton of Ihelorlco o< tho
ne7en esneerad n $ho progeribod fora Le,l tifed chall To
peroradred by Sho follotdng Cocibnnts fn Grlpllcrio.

A Tiou choss of the ramfacturdng procoso cipploconted by o bolof
deserintien of tho proeogs dn 3D varlens ologa.

pirig An Gedplieato dvaun %o coalo phovding -

(1) tho mito of ¢ factony o2d drmodlato marroundings Ancleding
&anm wdaMnes and othor ostmueturen, vonds, dmilas obed,

(11) tho nlon, olovation and bogogcagy o00gs coellong ol tho vardoug
drdings dncinding all polovent Gotallo rclotdng Gp tho natural
1ichidng, veatdlation ed noano of cgeuje 1o €abo of Are, Tho
nlong ool oloe cloariy dndicato Cho pocition ol i plont ond
nachinasy oldles and passasd Uy,

manilog to o croudicmoarles onpetnd to f0on Uolds '
e other narticalons co tho Chiof Ingpoctor Lny roculnd.

T2 Gho Chiof Inmcetor 4o oatdoficd that tho plend oro 14 CONCDw
nernco vAth he roghitansnts of Cho Act ho abail, milfet Co ouch
corddtiong ag ko mny ohoedly, onprove ¢hon by alsning d rotum.
inn to Cha oonliennl oRo eody of cach plan o Ro pny eall for ouch
otion paveicilors oo he ray Domizo o cnablo gaeh approvel o WO

P At

Co cepnfactizdns procoss easzicd ca vith ho old of poyor daalld bo
borun o caroicd on in gny Wlldnz, of pant ol o B as, antll

a corsificata of o ofablldty of o Wilding o2 f-::::*:: ol WmAilmza

a0 Tora I 0.9, algoed by o povcod posopsning o erollllentlions
%fsmmﬁ in subsralo (4) hag Umen Coldvozed Co (0o Chded
nescetor (hrearn tho Ancueetor of Taetorleys o tho moion
e=mpomed ond ageopted Ly hdn. Do ostonded nundlcn of gy footovy
cheld bo nead oo & pard of tho factory any C1Do oftor o aztonsion
reo 7 plont oo tackinozy ohnll bo added dn any fogtony, KO
homnind into the neo any tioo ofter gueh additlon upsil a cortdliento
in hmeet of oueh exicncion or plant bio boca antivgzed So tao
Chics Mmocetor Grongh the Immoeter of Mnetovriag of an rosion
comgomred ol aeconSed by the Chiof Inmocelor ol Feeltu?icd.
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4) Tho noroon olontn Do Do, oinld poocoos one or othor of tho
f’al.":c:'ﬂ.,nn @aliflétfenn ¢

(o) Compor-to Losiprdlds of cay of She folloving dastituiions.

’; Tie 7 e Juu("l‘:x! 62 Cavil Dnainoson.

‘ 2_.. ~LAthto of Strugtyrnl DMarincois. .
A1) oo m*ﬂ Tnatiwto of Drtich Ancixitaeto,

{19) o ..zw"“mf.a of Mmncors (India) Zosothor z,..uh 0

Cagres oF o pocorndsed Clvil Dnplaco-ing Closo in

m&a mvﬂ,ﬁcﬂ Shat bo hno oloe boon fo7 throd Joors
in %:cm"‘.lm (pmemcc on ma oun gegcunt an Chios
Asslotant of a recogniacd Dlm of Clvl} Inglneorg, of

(b)  ach ofioe q;’aaz...u.lcne..ws as i Chieg Ena;ma’* 2 0l E‘aaﬁoﬂm
e ) 4 t}*)"z?ﬁ?ﬁ.

8) fo ngooon exespt in the engo of mmma cmwicﬁ ly ooy &vwnmnt
cinil Uo onthozdsed to ol o cortificate of ouabilily, wio 4o 4
thy eoployoont of ko ounor or a Wlldor of ¢ho m&..éﬁng in mspac{:
o2 rleh ¢ cam%cata ig c;fwzm,

8) () T iatymel i'eaﬁ;m of n wol: roon sholl Lo not *iese Iy
poasurcd Ipont tho ZRoon “cml 2o the lowest st o w
w'&:?, ad A2 tho veof 10 o mmmixwﬂ 1oony, :ﬂzf’.m 1q
_ 7 csvem wWih ¢iico cor hod on fnnop ca.,:i.:lnﬂ or
“* ing 02 hoat noghoving ratorial with on odp of atlonat
An ua*mu 26 ontt tho eprramatad ion, tha Intomal izcﬂc%‘m
el pold ke loog Shan £0%.

Provided that Zn Cho Gago ef WAidins havine a briel or coneroto
vool, o0 0 m“‘m.at"*‘v of thn fmy the mnimn helsht ooy bo 33 £oat,
ag aps moved by O . Ghing Inmc:zaw 2 Tnctorlon,

Togvided f.’imum“* Cld uﬁ ¢aga of oll *"veﬁayiaa oty G"Cf{l undop
soot2on o) (18), cnd Jackorico roslodored undor goetlon 0(:3) {1) of
{:im acT cmlwmg wto G0 (omloneg, "B Girlog Incpectp? pay Uiero ho
Sa satvislied thal ¢ho cem@itions us mﬂ*r awe ﬂmsmamy fondy aRCH
ieh ﬂ‘,.ci:nﬂ.ea :%‘z:m {ha poovicicons off hils mab i,

T lo.g
- (mle 343

ComtiZie o of ntaldiity of a actony o a pard of Jnolony

To_bo ¢ a’aMﬁ%ﬁ aftay eomniotion ond Lofeso vor:don

% Lovoby deelazo that ¥ havo ga:*ma..ly Cu Feednod tho plmig
memma*mms of thy niiding doseribod Wlo & tho gotucl patopint g
an@ raseds veed o dts mc’cme’*@m aad i:m Mndshed Wlldng ond
on ca“’ s’".lca »iz:sz 4% congty m nn zm el *(:ha‘-; 4¢o olobdldily vu
bo mmoﬁacvaﬂy vien uged as Sactory o port of a .;.act:nﬂy Zor tho
purposcs o2 hoxeln Cocdared,
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2, Uano of ¢ho Leootony.

2. Doeo of Wdldars on contractor(o).

3¢ Copopol {ypo of czagtmieticn A ,
sn; Il paro of slcastory {inm block lottows),
b) Cuaniifientiono.
(¢} Prooont occupaticn,
(Q) Porooneat postal addroso. _

4, Pumooso fov unleh tin ullding 1o to bo weoady

S. T'ono of roon or Wdlding for vhleh thilg cortificnto 4o grontod
Aving poferones Co plon pnohos. ,

Gv Lotliro of work Co Lo cardled cn in tho abovo roony/Mudiding.

T Dalizo ond aoodns of roving pouol, ‘

B« g\é%{)wm‘

10, Sdomoturo of cecuplor uith a.n ondovoctont thot tho corfifieato of
ﬁécﬂﬁgi dnmoeeted tho factory at blo rogogt and cordifiod its
tal7alvs e

Roglotratica ond liconging

Cs lodo of opniicotion ¢ Tho occuplor of war‘g factory chall oubsde
to tho Cale? Inmspoctor on apnliecation togethor with Fom Uo.d,
precserdbnd wador cootion 7, in ¢riplicato fop ropistrotica of the
foctory ond goromé of o lleonee, ab leaot €1fteon days Lofowo ho
boging w0 cecuny, o ugo the - © . prodoos ag o £actony.

7o Roglotontion and gront of liconco s
(1) Thoe Zactory ohall B rogistored ond a licencs for a Zcelory
shodl o grented by tho Chief Ingpootor in forn 3 and on
payront of tho foon speellicd in tho schedule

Sehetilo of foos poyallo

TAntALy OF HaPe LA, 110s OF poDOODD $0 DO CIDlOyod On ony ooy

installcd ; anpdar fho enlendon yony .
(oo, LP.) £ 2] to 50 U1 Co 101 ¢o 251 G0 UOX <o
: 100 250 £500 750

Ne o RO Boe. A, Rae.. . B,
ras 10 > 50 w5 230 25
Upto 10 e 8 - €0 /O X0 450
Atovo 10 WG :
not abcvo &0 &0 78 300 200 80D e
von 01 o 100 X0 195 20 I8 760 1190
10 o000 200

Atove 100 GCo 1000 1500
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FOMI To. 1
[lape of tho actopy
(Rulo 3(3)
Particulars of rosos 4n tho factory

1, Innbor of roonig in tho factory.

2, Length |

3. Breodth

4, nmiomn

&, Uipdoun.

€. Avorago .

?» Totol avoa In Bl

8« Floor apca occuplod by rachinery in tho roon
9. Bronthing apaco (Contonts In o fe.)

10, Totnl voluno of air in tho roon

11, Tonbor aud olgo of doors

10, Tunbon end sis of window opendngs. I
1.3: Tanbor cnd glioon of gy 1&%& oponingo ¥
14, Totol orca in Og.CC.

15, lnzimn capacity of thoe roon

16. lNoxltan mnber of porgons intonded ¢o o
eployed in tho rooto.

17, hothor ¢ho root 4a €0 bo nsod oy a
uorle200n o2 for otorage only.

. Dato of conotruotion.
10, Romarisa

Sipnature of tho occuplow

Sirmoture of the Managor
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7 hilae thoro aroe pony soacono tvhy thoe froo cholee of o gite fop
nou factery 10 1inited, polor conculitation vith profossionnl advisors
o of great valuo, Tncuilgblo gltos can bo ultinateoly emensive beeanso
gé’ ﬁho_limca%ona irpoced ca Cho nemapesant, architoet and tho corarde

GAnaR,

fm latcaco dogino ond dotormination backied np uwith o Zollous-up
poliey cd Cho capital formaticm are tho prro-reguisitos for olarting
any oy indnogtry, Varloug faclorn that roquire conagldopaticn, opo
only craroratod wlth a voalto asoipnod out of 10, to oncl, indicating
i%s rolativo irpoptavco and hioranchy fron tho priovity polat of viou,

Ba Inetors ’ Value sooipned ond of

Do S 10 &3 to diow pelative
| imoprtanco and blerarchy

1, Sndtallleo olte a) Lovol gito -
b) oo of tmtor logoing -
¢) Dovoloptiont plong of

local authorddy.
d) Mitare oxponsdon

2, Dov.cotorinls o) Avallabdlity of matordinls
4 10 chinaclay, falspan,
rarin, tole, £ive ﬂiﬂyg

gypcun, conly odl, {fop

?bmdnn on of 4 tong/da

1loving quantitios il

be cocuived/ronth. Mizod

&mce&m of gvockéry and

B o BeB

raa™

uiotion).
Ching clay 85 tono/bonth
Poleoomm 0 o
Mroris o B
“ale 0L
Tiro clay &8 99
Gypoun 3 89
Conl 45 ve
or oll, for

tunnol bdln 2.5 ton/dny

D) Prdncinal mau natoridlo

vithin a fonao of (200 to o
500 Gno.) (Dlgtonco an

omproscod by varlous fagtory
oLRIorn) . :
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3. Labmap

a) H4lled - 20

b) Unoidiled 50
(o < E: Irciude foonlo autzcns;')

e) L

paly) Ko

laloue 20

(Ib" Q*m‘nc%m o2 4 trms/ o}

cbouy

£0 upsiiops are mwimﬂ)

a Bo

4,

Troncest

fnedliton

Toad
ator way (vooy raro)

u§ £224%
)

wbo

8

I’nyt=0e Sour
tho product

a) @Behin o renco of 200 bLno.
b) Distoilmtden af :mduaﬁw within
tho rogion.

b

6.

Sepvices

a) Dleetricity
(for ¢ tong/doy fomids protiotion
150 L. &3 avprom, xoonirad),

b) Unhtor ply (ooft and Qlp & S04
not %mtg roro than 0 aggm
{(For 4 "‘/ﬁey produedion about
800 mllano/dw ig roquivod).

e) nﬂaamgﬁ of st m%r

5

7e T

eenoric
fonad blrdly

u) Dot on tho invoaiomms
b) Capital forciion
e) intonoo dmﬂm

2 |

88

8.

Beolamleal

onnoy & GnRAn oty

a) Bffeat of pn&lntam‘;[cﬂ coal i‘&mﬁ
Conoidoraticn  kiing on

(1)

(av

Vogotatdcon ) Canbon gnot nffeots

tho very broathing
‘ of plonta end dusiroy
{a1) C'*azm Shem,

(443) I'npo crop® ) Ba, othyiino
o83 m‘a tho tnmee ¢oop

conaldorably .
) Uator = nociligiblo offocd.

b) Qudtatlo clitnto ond vind rovooont

6

LN g:.'. Ararind G, D, tead o" ¢ivil o
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