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have been included to give the reader a tools of 
working environment and to help the visual presentation 
of information. Xt is hoped, that this work will bring 
rel ent material within easy reach of the practising 
architect. 

The author does not claim this to be completel ► 
Original contribution in all its eapaseing and the Ideas 
► seated can be regarded as as asoimiletion of data, 
oupplemented by talks with caramiata,, potters, bi1ding  
scientists, literature survey and VLOUS to some potttery 
works ouch as the Hindueten 8anita ware and industries 
Private Ltd., Bithadurgarh, U.P.Ceramioe and Pottery Works#  
Gbaztabad, Bombay Potterjes and' cos, Bombay., Pottery 
]Development Centre of J,P, Oovt.Thurja, Ambioa, 0.1 and 
Moira Po tertea, 	ja. 

The author Is indebted  -ta those who have been 
quoted in the dissertation, to those who have contributed  
to it in the way of ideas or information and to those 
from whor 	,ustratione have been obtained. To render it 
more useful, an appendix has been included thigh given a 
'checklist' for plowing of various unite and plane of 
8000 Of the factories surveyed by the author. The glossary 
of ceramic tame end the sanction for itjeo are. inoorporated 
for clarity and ready reference,. It in sireerely hoped that 
this dissertation will provider a guide line for architects 
while planning a new industry or In the improvement of 
existing faoto *0 
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risde known b' the pottery Imported `# 

1.2 DSVBLO' WT OP PO BlT ThW8TR! U CIA 
All the ancient Indian aerenic developments  with 

,single ezce tion of the Harappan w, were undated b.for* 
1944 A.D. due to lack of scientific ezoavattone. It was 
Dr. R.Z. Mortimerz' seler what  as the Director General of 

',s CreC ,ted 
Archaeology, with the start at scientific ezo vatio . 

India ia a very °vast country with varied cl m ate* # 
.geograpby and topography, The development of pottery 
during lost 3000 yew, therefore has not been untfors 
in the post over the cour try as a whole and the mm is 
briefly tottobed under the various periods of hi story andd 
catogarised as follows..1  

.. Neolithic period w 6000 to 4000 B.C. 
Medic and 

Maco3 tth ,r period -. 3252 to 1500 3.0.1 later 
Vedic 

3, Post Barappan Cbe3coltthia 
period 	 1500 DOC. to 700 3.0 

4.. Pr.Mauriai, auryen and .P+ tu'Mau 	Period (700 to 22 3,0.) 	(322 3.0. to 300 A.D.) 
5, Gupta Period 	-- 320 A.D. to 550 A,D. ) 
6. Beginning at 	•» Arm 774 A.D, 

Ohrietisn Baca 
7 14a 	e 	- 999 A,D, end onwards. 
8. British rule and pon ► depende e. . 

1 s) Sastrd, N.l.A. and 8z'iniva*aobartO.,  Advanced Bietory  
of India, 1 7o 

b) Anea ri, Z.D. , Bvolution of Pottery Fora and Pbdoe 
in India#  Maxg,June  1961, 



1. isolithia Period (60 to 4003 B.C. ) 
Prior to the introduction of potter's wheel,, round 

bases of pots were first *ou did, and then the complete 
shape of the pot was rise by placing It on the convex 
surface of an inverted. bowl. 	saucer was turned by 
one hand and then the shaping of the pot veedoneby the 
others ' The pottery ferns and shapes were found in the 
earliest Viers with no existence of aetel, in the 
excavations at I 	rl, 8angenakallu and iiagarunakonda 
in the dUtricte of Cbitaldurg and Be . 	( ►ad ) and 
Oun r (Andhra) • The simple pottery forms, hand made and 
coarse grey In appearance wore 'blued and ,included 
;lobular pot* with round bases end flaring lips upto 14* 
size, broad lipped bowls#  the spanned pots.. 

2. Chalcolithic Period (3292 to 1500 B.C. ) 
tuing this period people No re f stones aas well as 

copper (cb .co opper in Creek) and br e. ;fit ►fir 
re i s of thin phase were restricted to - Indus .ley er 
but the recent excavations have brought , to light the teat 
that beat es the Indus Valley„ the Dacøsn, the Malve, 
8+ aahtr'o. and Punjab were inhabited by the Cheloolithio 
people, who seem to have eurvived upto 1000 B.C. The pate 
from Moben jodero, kappa, Cha*udaro, Rozadi, Ranapur etc. 
have their profiles of graceful curves. The oar used was 
uniformly levigatod and firing was to some extent uniform 
to produce a dull red, buff, black and red pottery. Storage  
$ere upto 4'-4'' Mt o t tumblers, b a rs, dishes , perforated 
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Jars (for ate c cooking), bowle etc. were repreoentativs 
of 1 utiiit 	a end mostly vhee .• do, The aesthetic 
canes of the lerappane to revealed in the pleasing Colour 
scheme and a skillful combination of geoetria and 
natural forms while painting on pottezy, These included the 

' 	animal motifs* the plant motifs and geometric motifs end 
Chas reveal a close study of their environment* 

3« bat Bs 'r Cicolithic Period (1500 to 700 8.C.) 

The ceramic remains of this period have been traced in 
Sauraebtra, Z4alwa, fiejasthan and Deco an. A black and rod 
ware (unglazed) has been found afar In Rajeathan  

and Havddatoii in )talwa, The range shared cups with short 
stand base, beakers with buniohed surfaces and white 
colour painting, The firing process was of inverted type  
which gave the black (inside) and red (on outer bottom) 
pottery. Besides this there was also the o dipped ware.. 
Pots are coated with a thick clip of creem to greenish 
white coin. Thee* mW be called the 4e-luz ware because 
of their fineness mati delicate geometrical deoigns. The 
Nawdatoli pottery was made from a coarse clay and was 
low fired, with elaborate mace t atment by means of 
thick slip of reddish to pifl., colour with black decoration, 
US Iota*, channel spouted bowls end storage pots Wars 
very common, The van in the D.ocan vi found at Jorv, 
Nasik, Nova" and wee mostly painted. The range includes 
oar inated bowls, burial moo, spouted bowls etc. Thee@ 
were fired to high temperature end from a well levigated cigar* 
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In the second halt of the first a ontum B.O. 0 
thzoughout the 4engitio n1107, the pottery had highly 

lustrous steel blue maces. Mostly Ober tare, to 
different froa the ohaloolithio ware, 

It to called goo the Northern Black Polished Ware 
(Nd3.P) being slipped and a polished grey. Bzoe~vatLons at  
Rupar, Hutinapur and 1suecmb1 have brought to light dishes, 
bowls, knobbed lids, high necked vessels. 

4 	# 	and Post 	Period 00 to 22 D.C. end 322 B.C. to 300 A.D.) 
Terra Cotta was the sodium  aedium of expreoslon for 

common people and conaiderbie fiber of objects are 
found along ndoO etia plains,, such so the domestic 
err, idols, children toje etc. Decoratton was with goometri*' 
cal and natural rotits, straight .lea 

5. Oupts Period (3 20 to 550 A.D,) 
Thiring Gupta period the pottery was mostly the Black 

end Red typo# itb elaborate decoration# Rxcavatcne at 
►iichol t ,K rahar# V'aiaali and Rarian in Darbhanga 

district fiber, fiber1 Rupar, flastinapur bergs to light the, use 
of handio, dipas, bowls and other ever 	pots,* Decorations  
were achieved with horizontal lines# animal bird motifs, 
rosettes ate. Well moulded terra-ootta..plaqu.e and figurines 
served to decorate house fronts end interiors. Life also 
sculptures of deities were among the remarkable achievement. 



G3.aud pottery appears to have been introduced 
in India during the 1uelia period with the •zoeption of 
appearance of glaeed.ipotteryr among the Dravidians of South 
India* According to the conjecture of some Otero, the 
Persian eat potters were influenced by work of Chineese 

potters in the art of glazing and subsequently developed 
this art„ in India# The glazed pottery originated with 
glazed tiles avow 4 first quarter of 14th center and spread 
jo the production of jars, ornamental  w re* The artistic 
potter wao o , led Ktizager ( sb g ) • The glazed,  coloured 
tiles (Persian tiles) were tiled to adorn donee, palaces 
forming a durable and almost permanent surface treatment. 

The glazed erioauotlo tiles excelledcolour, and 
design and were holy produced In Ste, I1tan and Punjab. 
The tomb of fla b at Multan, Tanti.para and lAtten  
mosque at Gaur In Bengal, palace of Reja M. sin& at 
Gxali.or, Labors fort, Waeir Ehan moeque at Lahore a." eome 
Of the remarkable ezariplea with decorative use of glazed 
encaustic tiles.  

Througout the Periods from Oha co ltbio to 18th 
century A,D , the pottery was mainly utilitarian end for 
common man with exception of the døvelopmeut of glazed 
art 1st 	+r of the forms and shspes have ourvivsd  
to preoent day and also nie being fabricated In some of the 
modern pottery industries 

S. British o aid Poet-Independence Period 
The osrlleet pottery factory 	ao*ring glazed 



vitrified artiolsa was established by S zrn nom. Co., 
Rsnigaztj in 3860. The first porcelain fa+otorY was steed 
in 1.860 at Patbaraghatta (8hegalp dtet .ct..8 r) Bch 
Produced a ht -qualUty table China b at closed ebortly  

eft.rvards • The Bengal, pot rise Ltd„ was a tabliohed in 

	

Caoutta towazs the be.gnuing ofbeginning 	this oentut r. The firat 
et n ewmv tac$or van steed at Then (Ket arr ) • With 
growing demand for poreelsin and earthenware, other 
factortee soon ceas into existence and today ' there e are about 

500 units (of both ema13ar and bigger ' nature) all over 
India and the total installed capacity of the Industry 
Is over 1,0 ,,000 tons/year at present. 

?igursy 1.244 to 1.2Indicate the form of pottery 

during various periods.  

1.23 ozse Zden of Present produofloa► 
The group sere a wide varLety Of products as 

ciansifted in previous chapter end the following tablet 

indicates a steady growth of various products during the 

last four years.  

See •ease - 9 

«r VV VØ W 	•a4VrtUW 	 L9y 	...r.—.. ^- 	.... ~._ _-.- -.___.__ -. 

Osneral of 2echnologica1 Development, Noww Delhiell. 



In the second half of thefirst aillsaiwa B.C. , 
throughout the Qsngitie alley, the pottery had highly 
lustrous steel.. blue surfaces. Mostly der rare, is 

different from the obalcoUtblo ware.. 

It is called &o the Northern Blank Polished Ware 
(NJ3.P) being slipped and a polished grey. Bxcevatione at 
Rupar Eastinapur and Es ea mbi have bit to light dishes# 
bawls, knobbed iidD, high necked esi els. 

4 	,~ "M„ 	and Post« 	r 1..04 
C} to 	B.C. and 322 B.C. to 300 A.]). . 

Terra Cotta was the medium of ezpraeaton for 
coon people and considerable number of objects are 
found along Indq■►OangStia plains, ouch as the domeetic 
ware, idols, children toys etc. Decoration was with .gioaetri.~ 
cal. and natural, motifs, straight lines# 

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

During Gupta period the pottery was mostly the, Black 
and Red type$ ith elaborate decoration, Zzcavntions at 
Mitcbcbhatra,Ruarahar, Vaeaii and Zaran in Darby. 
district, ears Rupar, lisetinapur bringo to light the we 
of handis o 1pus, bowls and other ora l ay pots. Decorations 
were achieved with borisontal Ines, and. bird motifo, 
rosettes et*, Well moulded tee ott •pl . uee and figurines 
snared to decorate house fronts end interiors. Life also 
sculptures of deities were among the remarkable achievement 
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60' Beginning of Cbrtstien Bra (around "774 A4).) 
India developed ezteneive trade svr_ttaots with - the 

western world - around this period. As a result$ the pottery, 
shows Roman influence * oh included amphora(cylindrical 
pot with 2 hales u +sd for importin stirs from Ro*e) ., 
rouletted Arrelins and red polished vim. The rouletted is 
a `in b1ackolipped ware with a deaorsted pattern, drawing 
by a achin•1ike contrivance  .led a roulette. The Red 
Polished ware Isaxkable for its Burfece treatment arid 
purity of clay, with a bright red and burnished slip and 
inaludsa sprinklers, cups, boy le. 	, 

To 1aslii Period latter 14th century) 
The pottery during this period can be classified 

under following bss+da i- 
I* Unglazed or ter ~ootta pottery, 
2. Painted and varnished but unglazed pottery# and 
3. Ted pottery. 
The unglazed pottery was mainly spsoisliesd at 

Bhawalpur, Aligarh with d.oigne mprinted or indeed over the 
balfuidry surts000 he cols was iriperted by coloured earths 
snob as ooh , shUk or talc and fixed by tiring. 

Painted pottery had attained ed grerstest reputet. 
Jtglandhu, aoaiarpur, Lucknow and Serasr,  , ¶he colour 
was given after the pottery was fired* It included the Idols 
and statues. The work of potters in the tomb of herabah 
at Wiser (1545 A.D.) stands as a resarkabis example. 

Thirteenth century sarkod the beginning of Bluø Pottery at 
Kbur ja• 



Glazed pottery appoare to hee been introduced 
in India during the Pbelia period with the sxoeption of 
appearance of glazed-pottery among the Dravidisna of South 
India* According to the conjecture of some writers, the 
Persian sd, as potters were influenced by work of Chimers 

potters in_ the art of glazing and subsequently developed 
this art, Zn India* The glazed pottery originated with 
glazed tiles around first quarter of 14th century and spread 
jo the production of jarsp ornamental wee. The artistic 
potter was called Ruzagar (ash gar) . The glazed coloured 
tiles (Persian tiles) were used to adorn dome a, palaces 
forming a durable and almost permanent surface treatment 

The glazed encaustic tiles excelled in colour, and 
design and were mainly produced In $tnd, Stan and Punjab. 
The tomb of Boha -4lakk at Multan, Tantipara and Lattan  
mosques at Onur in Bengal,  palace of Baja Man Singh at 
Gwalior, Lebo" fort, Wasir Khan moaquo at Lahore are some  
of the ruble examples with decorative use of glazed 
encaustic tiles. 

Throughout the periods from Chalco tbio to 18th 
center A.D., the pottery wac mainly utilitarian and for 
Common man with exception of the development  of glazed 
art ware. sow of the forms and ►pee have ourvvved 
to present lay and also eke being fabricated in some of the 
modern pottery industries. 

8. British Auer and Poet-Independence Period 
The ear eat pottery factory manufacturing wed 



vitrified article', was established by 1'I/3 Durn and Co., 

Baniganj in 1860. The first porcelain factory was started 
in 1860 at Patbaraghatta (Ehagalpu dt.t .ct.'Bibar) which 
produced a high-qus .t7 table China but closed shortly 
atterwarde • The Bengal, potteries Ltd. was establieh*d in 
Calcutta 'towards  the beginning of this century* The first 

stoneware ' tBCtOZ ,W$$ aged +at 	fl (tatb► grw ) • With 

growing 4siiand for porcelain and ca henvare, other 
taotoriee soon came ' into existence and today ,  there are about 

500 units (of 'loth anaUir and btggor ' nature) all over 
India and the total metalled capaotty of the industry  

is over 1,00,, 000 two/year at Present* 
1igurss 3.2..3. to 3.2 indicate the form of potery  

dui various periods. 

1.24 ^ e Idea of 	!sent Prcduot*tom 
The group covers a wide variety of pr ucts as 

claeeitLed in previous chapter and the following tablet  

indicates a steady growth of various products during the 

last tour years. 

see pine - 9 
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= Produc e . 

1. Sanitary ware 12,132 12*412 

2,, Ineulatore 	L.Ts 1.240 10842 
LT, 13,280 13,640 

3, Crockery 11,417 11,993 

4.  Glazed Ti1e 14*080 3.8,572 

5.  Stone ware pipes w► 19,190 

6.  Stone ware jars « 7,703 

12,762 14,363. 

2,259 2,259 
15,433 17,865 

11,469 17*700 

3.9,639 20,642 

25,542 34,612 

4,728 5,885 

1,, 2.2 Statevise Distribution of Pottery Works manufacturing 
esnitaryvare, crockery,  alto 	ed tl.lee, 
stonaware ptpeo,, end jara, ohmioal procelain. 

Table No. 2, 

Sta 	 so* of unit a 	i 

1. Andhra mash 8 
2*B 	►r 6 
Dew 21 

4. Oujrat 22 
5. Kew 
6, Matthya Pradesh 8 
7. Mahar whtro 22 
8. Iyeore 5 
9, Orissa 
10.. Thin jab and Ifaryans 21 
ll 	Rajaethnn 6 
1a~, Uttar Pradesh 310 
13. West Bengal 32 
3.4. TaU 21 

e 
3. Indian Industries, 8eot.v.t 	dn 	uetriee, 	i. 	, ProductS 

IndusLvies 	Reference Qcok,,and Dire&o-rH low Ed;t,on 	PP.23-25 , !97I 



1.3 CLASSIFICATION OF CERAMIC PRODUCTS 

1.S►1 Definiton and Etymology of the world cerasio 
[amsntal Idea oon eyed by to word ceramic is 

that It Is a product obtstnsd through the action of fire 
on earth materials. It involves the two characteristic  
elements naasly, 

I) a produot In whose aanufactnre a high-temperature 
treatment to involved, end 

11) a product customarily mennt*otuzed chiefly from 
raw mater Li of earth origin as 	 inguisbed  
from those of an organic and metallic nature. 

The broad definition i oludes ter, a variety of pmts. 

At one tine t word ceramic was thought to rotor 
only to the art of pottery but the current usage ha® 
broadened the tern to include all the silicate industries. 

The •tysology of the torn shows that it ba13 been 
derived from the Greek word 'Keremoa' meaning the burnt 
ate,, but 	th.er this wood to related to 8onokrit root 
C Tr - 	- - 	) meaning 'to bake'. 

'Cadet 4  . is a person who handles or controls the 
blending and processing of non-metal, raw materia at 
high temperature. 

'Ceramic artist' Is a person who makes art objects 
of ceramic materials, 

'CeramicEngineer' io a person who controls the 
scientific production of ceramic ware and conducts research 
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to improve the Quality of such produots and the itthods 
by which they are n da. He studies the geology of earth 
and mod Lfies the non motallio substances of earth 
origin by shaping thee and reacting them with high tempCra» 
tore. He is greatly interested in the obealetry and 
physics of those materials and develops the science of 
blending on such analysis. 

The present day eo ios noiude a wide range of 
products which can be classified as followe s-~ 

1.3.2 01*saUicatton of Creejo Produets 

structural oera ice * 
 

1.  Co 	on brick 
2.  Paving brick 
3, Facing brick 
4.  Sower pipes 
5.  Drain tilø  
6.. Hollow block 

Refractories: 
13, Fire clay bricks 

7. erracotta 

So Conduits 

9, Rooting ties 

10. Flu* wing 
U. Floor tiles 
12*. Wall end  fire place t les 

16. Chromi.ts brick 
1.4. Magnesia brick$ 17.  Bauxite and diaspor 

bricks 
15. Silica bricks 18.  Special refraotorteó 
P'ott. 
19.  sable ware 22, Sanitary Ware 
20, Xitvhen ware 23.  Stone 
21. Art Pottery 24.  Chemical porcelain and 

stone 	o. 
Figures l. 3l to 1.3-5 bring out the application of 
ceramics to the above aentioned fields. 
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Glaea Ceramics 
25. Household 
26. Wlndowe 

27. Bottles 
28. Licht ng 

Enamelled Wale 
32. Household and kitchen 
33. Mary 

Abrasives 
36. Silicon carbide 

Cements, des ad Pl ' 
38. Portland Cement 
39*ild ing agricultural.  

and chemical lime  

Insulation (A type of Pottery) 

43. eotric inaLtatóre 

Carbon Ceramics 
4 Synthetic diamonds 

Now Cake 
48. Memory calls 
49. Ceramics in space flight  

29.E Optical. gums 
30 glazes, enamele, vitrus, 

crtficial atones 
316 ate glass. 

34. Chemical 
35, Mvertizing 

3?. Aluminouo abrsivee 

40. seined gyps  products 
41. .Ztagneeia 6ement 
42, . Dental cement. 

44 	ierrua3. insulators  

46. Graphite# 
47. Cereet 

50. Piezoeleotr i o products 

Some equivalent words for cerasr OS, potter and pottery, 
in other la* iagen, have been Included in the appendix TT, 
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FIRECJy BRICKS 
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BRICK PAVING 

BRICK WALL.S . 

JL 

REFRACTORY LININGS 

[RE FRACTORI ES) 

TERRA-COTA FACING TILES 
PARTITION BLOCKS 

 

STONEWARE PIPES 8..TRAPS. 

FACING TILES $ 
HOLLOW BLOC <S 

PIPES &TRAPS 

FIG. 

CERAMIC APPLICATIONS: 
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VI►K~US LINING 

I-• I• Ir DULA'IORS 	 SPARK PLUGS 

ELECTRICAL 
CE IRA M I CS 

I 	 H. T. INSULATORS 

L..-CERAMIC APPLICATIONS 

FIG 
1.3-2 
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LAMPS 	ViTREUS ENAMELLI:DD 
	 VITRUM MOSAIC 
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lu
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GLASS BRICKS MURALS UTILITY 

LnriI 
QPTICS 	 GLAZING 

PLASTIC FORMS 
WITH CEMENT CONCRETE. 

IZOOF LIGHT. 

GLASS 
CERAM ICS , 

Fi~NG(i.-GTRUCTURES, 

CONCRETE PAMS 

FIC 
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LUNAR DRILL STU DD1rD WITH 
CERAMIC 	. •'' 
DIAMONDS'. ,-. 	_•mss== • _ 

I2-E 

ROCKET NOSE CQN1✓  

/ 

MODERN. 

SYNTHETIC CF-PAMiC - /) C AMiCS J 
DIAMONDS . 	 DENTAL CEIRA MICS 	

m m 
m 

:

A  cp 
e 	 m 

GRAP4-+ITE MODI=BATOR CORD 	 Cr-RAMIC ME-MOR' CELLS 

EXTRUDED 
MONTMOIRRILLONITE: C 
UsED To 'AB5ORE~ 
RADIOACTIVE WAST15 

GRAPHITE CLO-H .A SPACE AGE " t-=XTIt-a 
QNLy GI_OW53 By HEAT; USEb 
AS M41GH TEMP. INSULAION . 

GRAPHITE M©DERATOR 
CbRE COLUMN; USED IN 
CAS COOLED REACTOR ( N 
-- ~s,TOMIG GNERGY. 

o0 

1.3-5 

0 

CERAMIC APPLICATIONS :---- - - 



1*4 PI KING PACERS 
Whenever an arthitsot Is entrusted with the ' design 

of -a building, he to required to do so within a certain 
fyc work of act*  .rule,, ;regulations. end byrelaws•  In the 
Industrial context#  app from the r rqr z'emauta of 
process, he has to provide ainiaaz standards in tee of 
height, floor areas related to the nu ber of occupants, 
safety masouree„ fire precautions#  workers $ facilities 
*to« In the following pages the relevant regulations 
era listed end so also thoir effects on planning and design. 
It is Observed that the minimum standee stipulated by 
'Indian Factories ot of 194$' and Z 125&4967 Code of 
Practice for building Byolava I and 'National Building Code' 

not the sate and in many Important aspects like %%eight 
of Chimney * there is no reference at all, Likewise the 

ctories Act makes no mention about the *Control of 
Noise' in industries and covorage permissible in relatton 
to plot &"a* 
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104.6 height of Q____ 

Since the Factory Act rakes no reference about the 
ohinney height, a brief tiib about the saterisla for 
oh sy construction, forwzlae for finding the height 
and dioaater have been. included for gut onoo, Rcwver, 
it is a field of seaban#,oal engineers and his advice 
should be sought for into designs Cbiniey is constructed  
to create a natural. draught where no draught fans or 
blowers are used and dtechargen the products of coabue..  
Lion at such :n height that they will not be a nuisance 
to the surrounding comity. With coal fuel*  intr uot. 
Lou of aerowoyolofl.o for soot collection is highly dCalrr 
able to mintaise the nuisance, 

Principal points to be observed In design of a 
ohianay are as tollowas•. 

1) height suet gig the desired draught, 

U) Cross sectional area aust be anfficiont for 
boiler load served. 

iii) Foundation not be designed to support the 
load#  

1v,) ChIMOY aust resist the max* wind press. 
K 	 r 

v) It suers have resistance to weathering, notion 
of heat, rain eta. 

It suet have good internal lining of fir* 
clay bri ks to protect the matental and prevent 
excessive lose at beat through radiation* 
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wi.i) Methetics of obimsy design must be given 
due consideration as it is an eye catching 
feature seen from a long distance and fromarq 
direction. 

*s"taisis of Constrmetion 

Thor* are three principal materials used ns,aaly# 

(a) 8t el, 
(b) Brick 
(o) Conoreta. 

8tesl. oh tey is the cheapest of all and most 
easily erected, but it requires regular maintenance by 
sat of painting and internal fire brick lining. it should 
be braced at tea-third of its bet t by steel ropes, 
Chances of leakage are lees because of Baser number of 
Joint., 

The brick chimney -lasts longer than the steel one 
► and eta de weathering better, It has uniform internal  

diameter with tapering outer sue, The internal lining 
of fire bricks should have annular space between the 
lining and outer wall to allow for its expansion so that 
external wall remains unaffected, The cruses; section can 
be square or circular* Chances of leakage are more with 
numerous oints * 

Concrete chimneys with reinforcement are strong 
and almost a r etidht for any lei*. The concrete 
permits casting to the desired external chaps and provides 
scope in the design sesthstt s of chimneys. It must have 



internal. fire brick lining. 

1*eign of Chi.' •y 
8oae foraulu► oo monly used are ern4erated below. 

They are based on the fact that air aM flue gas expand 
in voluae with increase of temperature, ,, so that the higher 
the temperature, the leas they weight per cubic foot, 

l 
Por 	N0.1 

Forsu.a for resulting natural drought is 

1 * 0*52 tP(J. 	--' 
o a 

There, 

D n draught pressure, # Ln. of water,# 
H a Haight of chimney, ft. 
p « ateospheric pressure 

Ta + absolute temperature of outwit air, deg. P 
To « absolute,. temperature of fey gas: deg. P. 

notes Absolute temperature is Pahrenhoit tamp 4 460, 

For Height at car 	POB*J ! *0,22 Cake unto) 

h '53 - 1 2 ) w of water 

where, 

1I * Height of chiansy in motors M 
T, a teeperatur. of outside air in °R, 

l* Higgins Alex* 1 3raught and Its Control, Chapter 16, 
e , NoOrax Hi .l Book Co. 

2, Pa ys, N.C. and 5Sbsh, 0.3* Drought* Chapter VI  a a~ N x 	w 6th Ed... O~ ray Bock Stall 	e 
„ 	. Anand (W JL) 1961, PF.202-225, 



T * averaa 'temp, of chimney geese in 
ye amount of air supplied per kg of fuel 
h - d: ugbt geasured In mu of water column. 

for de er of oh4any 

Aey-and A e zD2 

vhi ,. 
A a ODOO$ Sectional area of dray, 
Q a voles of flue gases handled in oum,/sea. 

0 ctetfioi*nt Of velocity (-o«y to 0.5) 
D a diameter in aetere 

Formula 93  (P unite) 
Per Hemet of Chu e; 

b - 4,244H( 	ZtL-) 
y t  

ithere, I a bight of obey in toot, above fire grate to produce draught, 
b • draught required,. ezpreeaed in inches of water 

Ta  abao1ute Leap. Of outside air In , 
Menll temp a  of 1uj gases 

v a weight of air ac tua11y Used per' lb. of fuel. 

For Diameter or Ohimney 

A  * Lr W 
9. DI P  11.0. Nat ►l and Atifiojal Draught, Ohap* Z, Beat Engineo and Applied,e odnamioa Asia 

Publishing Home o- . ", 	, pp. .2`4. 



where D • diameter of chin syg 
A a sectional area of chimney In pft. 
Q n volume of gases parses through chimney 

in cusses. 
Ht a height of flu* gases *ouLvalent to draught 

pressure of h inches of mater. 

I a 8.025 	(generally between 1.5 to 2) 

h f 'a feet head of flu* Sasso due to, friction. 

heeo fozulae provide some basic idea as to the size 
of chimney, Its height and the draught, Howerrorofor 
detailed reference use of the books ottod I. the foot 
given on the previous ~eo1 d,, 

1.4.7 Mamar 
It can be observed from the foregoing tabulation 

that the minim standards in terms of faoilitIes, heights, 
1Ightin, noise etc. are not the $an as stipulated ty 

Facto tee Act, 18 Co4e In Indian context, the .Factories 
Act of 1948 as revised upto.3/3/x972 is not comprehensive 

enough and sakes no refe nce to impOrtsàt aspects like 
coverage, open spades, height of chimney, noise abatement, 
coloursiappltoation related to betterment of environment eta. 

18i12564967 Code of Practice for Building- byølave  
and the National Building Code differ in many respect* 
with the India, Factories Act of 1948, 

It is suggested therefore that there has to be 
better coordination between the two authorities to come 
to some common conclusions o to mar the Factories Act 
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of 1948 more comprebeneive and uptodate.Three reeaemend~* 
ationa would then provide a good fie3e work( Por eroh taste 
and engineere to work within ) . At the sose;t, the Factories 
Act atipUatione, although inadequate, over rule the 1d 
recommendations as the latter Si not the controlling 
authdrity,, It is learnt that the Indian Standard Institution 
is trying ito is of beet to pursue the local authorities 
of cities all over India for adaptation of the better 
IS Standards aid It has met with encouraging response from 
0 number of authorities. However, a more ' rigorous and 
,integrated 'approach Is neceseary. 

1.5 PROOBS8 DETAIL8 AMD DIAG-RM 
A thorough knowledge of various processes is essential 

for architects who plan new :aotories or improve upon the 
existing once, The evolution of hem-forntng process dates 
back to as far as 7000 B.C. A ohronolofe list of ceramic 
processes is enclosed ' :are t Apendix V'VI to include the 
e, lieet piuoeeses to the latest and modern oneea 

The future a sagss a revolution in terms of replace 
went by automat c processes and modern equipzant, modern  
types of kiln .th controlled .hiring. All the factors 
Bust get their requisite share at the planning stage itself, 
1.5.1 Details of Wiese for a Pottery works 
Raw Materials 

China clay, ball clay telop r, quartz for the 'body' 



+38.i 
of the rare, and in addition bariva carbonate,, calcium 
carbonate, am a oxide and tin oxide frit *too, for the 
glass of the ware, and flint balls for a ball mill and 
granite *tons* for the ball affil lining.  

Out of these, only the flint«►bs e i  raw f.lepar and raw 
quarts are stored on open platfors.,, rdla the root stored 
in oaysred ehede. 

The Process tt..lfa (Pigs. i,5i4  to 1.5'?) 
Raw fe apar eM quarts are calcined in a farnale which 

makes thea brittle and thus easily crushable • they are 
washed, clean with rater#  dried in shed on eloping platforas  
to drain away the water and subsequently by natural evapor.► 
atioo. Zan* are then crushed to I c*« sze.Ti1e  crushed 
materialsare then ground d t In a separate bail mild. to the, 
required fineness and stored under shed * A battery of bail 
sills it tnstal Led on a platform. Generally 4 to 5 bail  
mills are run tarn by turn no that raps ire eta. could be 
attended to without the work bad hasp ed« A ball mill 
with accessories occupies about $"O'Z4 	(204=102m) 
and requires a circulation space on all four sides. 
Generally another platform Is provided over the ball mills 
and to used for feeding the raw eateries to the ball mills 
through 'f*ed-holes * with a water pipe and a drawoff point 
over each bail , mill to add required quantity of water* 
Raw esteriale are weighed and added to the ball mill with 
water and the mill not for roiling after closing its 
south* The intinat., slurry like bodyixture formed therein 
to celled ' $LIP' . 



After the necessary period of Ong, the slip is 
run out into a 'bl er l (accommodated within the platter 
height provided for ball mills) having twice the capacity 
of a ball ►i and the slip is thinned to required 
consistency by addition of more water, (China cloy is 
generally added in the bi er) , The thinned slip is then 
paaced through 0 'vibrating sieve' and the ' gnettsed 
channel into an 'agitator',  having 'three times the ospaaity 
than that of a blunger* Genorally the agitators are in 
duplicate so this whilst one is be ng tamed, the ether 

e Is connected to the filter press. The slip from the 
agitator is drawn into oháabers of the filter press, 
wherein the 'body' Is retained In the cloth chambers and 
water La a sled, which flows Into a retaining tank—
gene rally there aye two such tanks#  * Sec water pumped to 
the storage while the remaining slip, is again passed to the 
blung.r, 

The 'body cakes' from the filter press are then 
stacked on a table*platform situated between the filter 
press and the de 	pug his These oaken are ted into 
the de- airing pug mill, which deiivore the de.aired'clay  
rolls' at the other end These clay rote area 

(a) sliced into thin bats for making saucers and 
(b) used an such for nuking cups, mugs etc.  
(c) The body cakes from the filter press are d&rectiy 

used for masking 'casting slip * ,, in a blunger located in the 
casting section#  Kettles, sugar pots, milk pots,, spout,, 



lade, handles ( and the sanitary eat) are *ade by the 
casting process by using the plaster of parts aauide. 
tattles eta, are finished here and their part* joined 

Cd) 9auoere, plates and shallow rye is formed 
by Jiggering operation, and finished by tattling etc. 

Finished ware of all type, Is then placed on 
wheeled racks and sent into the warn air dryers. When 
'bone-dry', the racks are wheeled Into a small 'blowing  
chamber' • where the duet Is removed by heM blower#  the 
duet being drawn up a oh s; by a email exhaust fan.. 
operating mzet use a dustmask. The turttor operation is the 
underglate decoration— done in separate spray chambers 
where the colour ehadoo may be 'epr 	od'. Jnder4sze 
stamps or borderline, are done by hand on amall wheels, 
Once decorated in this wayO  the articles are carried by 
'wheeled racks' to 'dippi booths' where they are actually  
dipped into a 'glass—slip', finished at the bottom end 
again stacked on wheeled racks and carried to the loading 
site of the kiln. (The 'glaze slip' is prepared in a 
separate ball mill in the glazing department#  and reduced 
to the required oonotetaooy in a email biunger„ sieved thro-
ugh  a aegnetised channel and then taken to the 'dipping 
booths'. In many factories, the bieouiting of the ware 
to avoided but inetdad the 'green• ipping is resorted to. 
Dieouitind aeaae the tiring of wavy to a lower temperature 
in a separate kiln prior to glazing).. The racks with 
'giened-rare' are reloaded onto the 'pare' in the compartments 



of the *fire x1074  Puri iture, 'Cara rifer to th* kiln car 
and the furniture refers to the refractory racks#  stagger., 
supports, setters eta. specially designed to eaaoxzodats/ 
support the articles to be fired, "leas OMB rloaded,pass 
through paesing gate«• en exat cross section of the kiln-
to  a re that the loading is perfectly Gone and eft* 
a smooth• move ent of cars within the kiln. 

The b 	r factories prefer a 'tunnel kiln', oil 
tired, with a 24 hours oonttnuou operation) whilst the 
eaaUr oonoer resort to the coal fired down drat kiln- 
a periodic type, not requiring a contra 'Food' of 
articles for firing., The. tunn*1 kiln is like a railway 
tunnel with a rail track running through its length. Wheeled 
care# with steel chassis, dads fire clay racks are used to 
carry the ware through the kilni,* 

It is roughly divided Into the parts#  1/3rd part. 
preheating zone, siddl. 1/3rd part.. firing zone (heated b.* 
oil b *rs OU either Side) and the iast 1./3rd part-cooling 
zofle. The cars enter through the preheating zons.side, art 
fired and leave by the and Of Coaling zone- the other and, 
The loaded ears are on the outsidet . 	Una and are 
transferred to the tunnel line by a Trans er..bridge' which 
runs on a sort r .l lln. At right angles to the ssinlines. 
Sinilarly the 'fired oar' are trneferred to the outer 
line by another transfer bridge, at the other end. 

The tunnel kiln, being a continuous type r"'sesins fully 
packed with the green-gamed wares and when a oar is pushed 
or pulled into It#  a oar comes out (dimly f fixed) from the 



.42- 
other ends. The 	d and cooled articles are taken to the 
inspection and sorting depn-rtnsnto. br the down draught 
periodic k3 ns oal Fred, the ginned wars is fiUed in 

the naggers and loaded in the kiln# The duration of the 
total operation from start to finish* is about 6/7 days• 

The fired ware in taken to the inspeotion and sort.► 
ing dep mente. It is dressed, sorted out and packed or 
Stacked in warehouses Packing material is the rice -husk,  
jute, Itring and cardboard cartons or wooden crates. 'Fire-
precautions' are necessary here. (when there is the ouer]..s. 
decoration, the fired ware is decorated and filed again 
in email electric kilns at lower temperatures to . $* 
the decoration with glaze. Hereafter .er the packing/sorting 
to similar to the above. 

1.5.2 Sohedu Le of chins17tPottery industry 
Dap asnt 	Slip Souse. 
Mache/equipment 	 Approx, sizes 

L(or ) 	3 	13 

Wai in$ bridge 	 +$ 	41-G' 	Y ft. 
jaw crusher 	 41.45 	5ft. 	4ft, 
Conical grinder 
	 ", ►t ' 	•4-6 ftA 

Washing 	 h o 	 6to15 "t*4to6ft.d- 

Bail ~► 	 3 to f t 2It to MG «~ 
Mg runner Vail 
	 4to10ft*$ 	- 	3to4ft. 

Blunger 	 5 to E ft«a 	I. 	5to6tt. 

Pumps 	 varying aloes as per H.P. 
e (vibrating) 
	

3 to 6 ft * 	3 to 6 ft 3 to 4 ft. 

Kagne do separator 	4to6f't* 	Itoi tt 
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acth i/ 4uipraon 	 Approaiaat• sine 

L(or0) 	B 	 H 

Agitator 4to6ft.8 4to6ft 
Pilterprees 8 So 15 ft, 3to4ft. 3 to 4 Mt. 
De.'airingpugeiU 5tol8ft. 3ft. Jto4ft, 
PIAZ tG DRFA 	) ft Sat aaktng 	s►ch 2 ft. 	.2ft. 2+ft, 
Throwing 2 ft4 2ft. 48.  
Jiggering 4to6ft, 3to4ft. 2 to3f*. 
Casting tables 3 to 4 ft i to 2€. 

wide 
Wheels for tthishin8 2 to 4 ft. 2 to 4 ft. 24ft. 
of wares, .grinding 
wheel$ 
Spraying eubio .o 4 to 5 ft. 4 to 5 ft. 7 ft. 

DR NO AND PINiNG SWZ0N  
Drs 	' (for wheeled racks) 20 to 6 to 20 ft.. 8 ft. so ft. 
Tunnel kiln 100 to 405 ft. 10 ft. 8 to 10 ft. 
Dow 	drought type 6to30St,O Of ato30ft. 
Blectrio kiln for 8 ft. 8 8, 8 ft. 
decoration (after 
glaze) 
Wheeled raako 	5 ft. 	4 to 3 ft. 4 ft. 
Kiln ogre and 	As per tunnel kiln eeot on. 
transfer care 
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24 PUTSICAL P IRG CON3ID1RATICKS 
Architects who undertake the design of factories 

are faced with considsraticns quite differont, in nny 
respects, from those to which they are accustomed in 
relation to usual practices 	literature. In industrial 
conttxt, it Is the function which is the predoainent 
factor and the architect to required for providing a 
suitable envelop,, oorelating the functioning of units in 
a sequence and creating an environment conducive to work 
end production along with amt of the mere, He Should 
work in close collaboration with specialists like cOramio 
structural, aaah*nical and electrical Engineers so that the 
working 	 plant In satisfactory from all the wangles. With 
the change in eooial. attitudes t  worki.ig conditions for 
employees Form an irportant consideration in terms of 
phyatoal environment and taciiittee , and in providing these,, 
architect aoauea a new responsibility,  Planning can be 
resolved into two major dtvtcionc, nearly the 1) site 
planning and it) the planning of buildings. Site planning  
has not been included in the scope of this dissertation, 
however the factor® affecting the, sa ,cot cn of site and 
the relevant checklist are included in the appendix V 
arid III  respectively as guide lines, 
2,1.1 Planning Of Psotory Buildings 

A sanufacturing plant can be physically divided 
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into fill major activities and requires Various kinds 
Of facilities in terms of buildings and squipnent. The 
sir major divisions ace: 
I, Adsinistration eras and security, 
2 *anufaeturing area (production area) 
Y. oi]la r facilities required for the production, 
4, Welfare facilities,, 

. eoial requironento, 
6. Miscellaneous requirements. 
These broad divieians an be further subdivided Into 
other requirements and have been tub ted to Wider the 
Terence at a glance' easy. (pe 46) 

2.1,2 his for P1annIag  
to factors aention rd, below probe necessary basis 

for the general planning approach. 
1. Minn 

Purpose of a factory building to essentially the 
production of goods* It must bouao the aanuf turing 
•quipnent, its operational staff ithich in turn enables 
that equipment to function efficiently. 
2. , 8traight lint production 

refers to various departments for successive operations  
located in such a rear as to effect a simple and direct 
production flow, so that the arose flow of aat4rials will 
be reduced to a minim=# More should be no crossing or 
retracing of the production line with consequent congestion. 
3 *x bi1tty 

A dnpartaental layout sufficiently elastic to prrrsit 
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rearrangement in accordance with ohenges in production 
methods or expansion of departments without disorganising 
the ziating scheme, to indispensable, 
4, Column spacing 

Interior co]uan spacing should be as far apart as 
economically possible, to allow for free location of 
saohineo and cause the least interference with the . trans-
portation of materials, 
5, Properly located f`acUittee 

8taircaeea, looker rooee, toilets t  e hrooss, rest» 

woo s, toilets, w*ahroosl, 	t.rooaie, drik$i,g.vater 
fountains, creche, canteen eta, located Vhere they beet 
serve the purpose and do not interfere with the flow of 
produotton. 
6. floor finish cad the envelope 

Clear ceiling heights adequate for the work p.rforsed,, 
walls and roofs strong enough for loads and then al perfor. 
msnoe j floor finishes boat suited to the process. 
TO 4"ducive Buvironsent 

To be provided by adequate lighting and ventilation,. 
colourful surrounding, appropriate finishes, dust free 
air#  acoustic. eta, with due consideration for the otbata-
ti.on« 

8. Physical and psychological coesunication 
The wslla of the main work areas to be free of 

enclosures by storage or staff cabins, so as to establish 
physical and psychological eoununieation through openings 
with outside* These openings will *ot not only as visual 



rest centres end provide acoustic absorption when 

open but also promote the air movement so neosssary for any 

pottery works, 

2,la Production Capacity 

In practios this capacity is decided by taking Into 
product, 

consideration the demand for the propo9edLevailable fthsnoisl 

resources development In pha ro, 000nomic foaoibility and 

the final target of production i.e. the future oxpsns on etc. 
Based on those complex conoiderationo, the architect 

Is briefed about the total development* It In once again 

stressed, that a factory design is not a on man job but a team 
work of exports like ceramic engineer,, structural and meoh•E 
anioal engineer#  illumination engineer rte. and the better 
the coordination by architect the better would be the end 
products 

The ceramic engineer work* out the number and types of 
machinery and equipment needed, the nuubor of workers all 
related to the production In terms of a certain predeter 

mined tonnage/day, Working, backwards and ontyeing the 

requirements of various raw i terials, their storage *to.. 

can be found out# Architect should classify this information 

into various departments of the production area and list out 

the schedule of machinery, equipment, the number of workers, 

ancillary and related areas for each of the departments. It 

m„q be mentioned hers that in the min production area#  

thew" are no watertight compartments but areas are mooted 
for specific typos of work. It is the sequence and co'»relation 

of one department to another that will ultimatelyload to an 
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effiatent production line.. 

Actual sise of every department to ultimately related 
to thy► production capacity but ecas swount of future expand. 
aian, should be inbuUt in the plate. itself. Areas required 
by various 	hinor r and equipment In various departrients 
have been given and so also their sequence. This approach 
would provide, sufficient guide, lines for architects while 
gaming a pottery ' Ind st ,, 

24,4  Production ares and the sequence of operations 
Saving thoroughly discussed and illustrated the 

,process It was concluded that following would be the sequ 
•noe Of various dsp artmenta In the production line s 

t) Raw Material intake 
Li) Slip house r 

iii) $.king departm nt sM moulds dope t t. 
i) Drying department 
v) Finishing department 

vi) Olsaing department 
vii) tiring Department 
viii) i worsting department 

and decoration fire 
i) Inspection end sorting 
x) Packing 

*i) Warehousing 
xii) Despatch 

OR vi) underglaze decoration  
vii) 4; ing 

viii) Firing includes se ors 
and fire slay iartiol•s 

ix) Inspection, and sorting 
z) Packing  

O Warehousing 
xii) Despatoh, 

This sequence of operation Is SI,pliOSbIS irrespective of the 
method of forming the 'ware' whether It Is by oast g, pressing, 
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Jiggering or extrusion. 

) Raw Mtert a Intake and Storage  
Storage bins or spaces are required for following *bar* 

aater'isls. Quartz*  felspar, flint balls, grenite+-stone, 
fire clay, chins of , ball clay, plaster of per. Glasing 
materials like cabins carbonate, bariumcarbonate, -zinc 
and tin oxides, colouring pigments SIW supplied in bago and 
hence require racked storage. 

The different typu of clays and the plaster of paris 
suet have a covered  stor spaces while others nay or may 
not have a cover at the top„ However*  for undisturbed handling 
throughout the year, s covered space Lis suggested for all 
the materials, 	I 7 2 

A very import factor is that for atora °* nays,, 
there should be atleset 4 months storage capacity an there. . 
Is most no supply of clay during adore n, 

As explained in detail in the, 	pier on 'Handling of 
Jiat erials' there should be a sib bancfling in order to 

i) prevent sizing with other materials and dirt# 
ii) save the useful son her. 

It is fisted that the trucks should unload dirsofly into 
storage bins which would have a sloping floor end a 
controlled outlet, Whenever material is required, it in 
removed through this outlet into a trolley, which in turn 
is 'ton to weighing bridge and finally emptied Into the 
container of the gantry vhiob delivers the same to the 
concerned ball sill. This process would mininiae double 



handlt g and save time. Depending on site conditions, the 
storage bins should preferably be placed along western 
side of the unit so that the area most affected by solar 
radiation is not used for human occupation. 

11) slip Louse 
This is the most important department as the raw 

material is pro seed into clay or cloy slip ready for 
being used in the Ong department* There are a umber 
of machines in this ssotion as listed below. (Factory act 
stipulates, a sin, of 0,90 M apace on ell aides of machinery) 

TWO No.4 
I4aobinery and Space Requirement 

a)  Weighing bridge 
am 

3~ac2.4 

b)  Jaw crusher .5mzYez2.4s 
a) Dry grinder 3, 6 	2.4: 

(edge runner mill) 
d) Sall mill 3.6=3 9 6=2.4m 
a) B]ungar Ux 
z) Pumps as 	H.P. 
g)  Vibrating sieve 2,5z2.5x2.4z 
h)  patio separator portable or fixed 
i)  Agitator 3.8ma3.8mx ► 

filter press 5az4mx2.4s 
k) D-►al ring pug mill 4.5xYi 	.4a 
1.) Knesding roller 3,6 	,6mx2.4m 
m)  Batting Machine YaxYmz2.4e 
n)  Retaining tanks 3nzl. 	rl.8n 



, 	 side 
When machinery is placed,by Bide they could have 

ocemon space between then. There should be a s nir tm of 
2* clear space by one longer side of jaw orueher, 
filter press and the do ring pug sill so that the 
trolley can more more freely for transporting the 
materials to and from those ahinea, . eose layouts are 
suggested as in figs. 2.3'.1 and 2*1,*2) wherein the 
sequence of operattone, area for m !'ement of trolleys, 
etc. are taken into account. All storage racks to be of 
timber and $met placed on floor so that they could be 
shifted and adjusted to the required position,* Height 
should not exceed 1*8 a for *aa* of handling. Iron racks 
should be avoided to prevent contamination with clay 
giving rise subsequently to stains over the fired ware* 
t3iip house being is e& ld be separated from the 
making department by a wall upto the ceiling to prevent 
the noioe—transfer. The door openings  should have either 
sliding shutters or roller types  as the owing of side 
door shutters occupies quite a apace, 

itt) Making Department 
The processed clay from 'slip-house' is shaped in 

this department either by casting, pressing#  or jiggsrtng. 
Canting, jiggering  and pressing though from a part of 
making department, they should be treated as different 
sections and arose allotted to than should be separate 
for each. This suggestion is given because the clay 
required is Of different mature in each case, work planes 
are not the same. Casting section depends upon the type 



52-A 

AREA FOR 
l , orlRNC*D *AT CR BTORMG TANK , 	 - - 	 . 

b O 
(d. ELeCTRIUL Eue-m+TroN . 	 STORAGE 	 PACK!" 	STORAGE MR 

FOR PAI 	 OTORAOR 	AMA 	fIN19Nroaxoe. 1 
E. GARAII FU TR40KB I STAFF CARD 	 PINL%eD 	Ni MR 	WR 	 B  y 	(2=5. 	 pycNxW 	 ■■ 

,D ICORAIMI. 	
i 
LcI 

]IA LB .   

p 	R I A L 9 
!n! 	 9 

~ 	 LLW M R 	 ~R•• a• 	
Xl m 	D7 tl.r u ]O El 	 _ 

(1 	•S 	 D.1iM 16T1UTIpN   
" a 	SLIP HOU9E. 	 '/l'r~lj'.ol~, 

usnea ecTION 	 NouLOS Dcvr. 

i Q 

~ 

°  
DRreR lWTMmV 

MAKING DEPT. ANI9NINY 
• 

_  

~• ~ 
M 	M Sf 

ORwcUa) 	 x r 

~_ 	 I 2 S 

 1 IJ5 
 • 

— 	 . 	

— 

(I 	 J foL 

0 
U__ _ ________ 

~IRR MD Ib7R 	 f10KMK 	F 	 - ..~ 

GOUNP P l.. O O R 	9CAL9;!cM•4n,  

21-1a 



t 	E cn 	. 	: ~f 52-8 

0 

F 

o 

w 
c 
s Y 

0  Q7 

Cl.

• 

JO -_ 

a 	~~ 

~  r 

•liN& 
• 

~e ov 

jd8i R 

r ' 
IL  

• ~ E{E 

— M7  ;at 

a 

11 	
5 

V 4:0  

A 

~ ~-- N 

a 	•f 2.'-1b 



52-c 

4 
z 	d 

QA 	~• 

 iii 	ID O 
i 	r 	Q 

Z 
m 
w 

0 U. 

J 
d 

z 
MIN 
27M 

0  + 

Z 

WI N9 
15M 	 15M 

1 

q Q 

Q 0. 

E--  W Nd 
~ Z 

y
t~ 

FL6AYOUT WITH BALLMILL.S~ 
T FLOOR LEVEL WIT)-4 

• L EN ERAL SHOP FLOOR, 

SLIP-HOuSE. 	 z•~ -2~ 



.5..i 

of. product i.e. It fabrication of were Is mainly by canting 
as in the case of sanitary tom*  the slip he to be 
constantly agitated before actual ducting. For larger 
auras, an agitator within this section is desirable and 
this becomes a source of nolme. This should be enclosed 
by acoustic partitions to help the otherwise quiet wing 
department. for such casting do of sanitary were, there 
should be to overhead system of p.v',o. slip lines with 
draw off flexible  a teneions for oasts into mouith3.. 
A certain degree of flexibility should be inbuilt in 
the plan itself by ) providing ousting beuchee just 
placed on floor#  ii) No floor drains to carry- back the 
excessive and drained off slip, but can be taken, instead 

by p •v„c « containers. The slip lines should be run at 
about 2.44 above floor no that they do not intorfer r with 
the general working of plait. Casting benches of 
wood, should be of max. 0.60 a height above floor co that 
the placing of heavy mouldso is easier and so is the 
casting. Where 'slip casting' Its unnecessary as for the 
kettles, pots # handles etc., it is brought over the 
casting benches in p.v.o. containers end here also 
these benches should be sax. 0,60 a above floor* This 
La useful because the worker can lift the slip filled 
container to about 3M above floor. Zn both the cases 
their layout should be such that It allows for removal 
of the released mouldy to dryera,Conveyer casting has 

been dealt with In detail in the handling of materiels. 
Jiggering section includes the jigger jolleyss, 
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the throwing and bond upping atop, digger 3olley 
occupies a space of 5'xY'z4 and atleset Ym apace 

(l.5zlzO.75s) 
mot be left clear for the worker to operate on the laver 

Throwing wheels demand that the operator site on 
the acme plane (refer .g 2.2-8for photograph) as that of 
wheel so that when the flay lump i.e throes, he can shape 
it with effective forroa. mall insulators are aleo 
formed in this way. This sitting space amt be provided 
on the table itself on which the throwing wheel rotates. 
Its height should not exceed 0.60 a above floor for 
•atetyr r aeons. Pressing to done by screw presses and 
apace required to similar as in the oaae of 3igger Jolley, 
For all tha®ø sections# the location is logically adjacent 

to the clip house with casting section the nearest of 
all so that slip-carrying to reduced to a min um. The 

ancillary department is that of mould making, This should 
be so located as to have a direct link with asking depart'. 
sent ' ie to particularly important in respect of sanitary 
ware as the mould to quite large and a constant supply. 

Is required, Per smaller items like crockery, chemical 
porcelain, moulds are smaller and the mouldrnmaking 
department to nothing but a storage space for mouldo. The 
smaller establishments just purchase the moulds„ use then 
and sell 'rhea back to cement industries after the absorption 
a~apaoity of moulds In lost« Bigger concerns must have their 
own world asking department so that the des gn of the wars, 
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can be ahwpgid to stand bettor in the competition, rather 
than gbing in for standard designs* Provision of wash 
and tea rooms close to the .wing department is an 
Important factor based on author's observation as follows. 
In the pottery works surveyed by the author it was observed 
that during making of wore, workers take a cup of tea 
almost once - fn every I to 11/2 hour at the place of their 

work and in doing so consume some amount of free silica 
present in those departments. This must be discouraged 

by providing a tea room close by so that the worker takes 
his too In this room and prevents early systems of 
nili000is. This would not reflect on his efficiency an 
the payment to worker should be routed to the number of 
pieces formed by him* (A certain minimum and incentives 
for subsequent production) 

upervLaory staff should be located between the 
making and the adainistrative departments separated from 
both as this system has following advantages (fig.24.'i) . 
t) walls are kept free for openings, 3i) future expansion 

to possible In any direction# iii) arpo rienry staff of 
moulding, costing, Jiggering oeotiono when placed together 
establish better rapport and can jointly solve problems 

rather than in Isolations, (iv) certain facilities Tike 

reading# tea or rest rooms can be shared by all, (v) Double 
storeyed development Is possible within the single height 
of ;main work areas and observation galleries at first 
floor permit a better view of the making deportment as 
ouch. All the three sections must also be oor~rlated to 
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location will be between the two colon* so that it 
divides the fettling area from Its adjacent area. Thie 

In applicable in respect of sanitary ware industry se 
well as crockery# chemical ware and insulators, 

Stinking of handles to various Vote is don* after 
leather' drying. Present practice in most of the factories 
Is by war of floor squab it * This has the advantage In 
lessor damage by way of tail from a height and that it 
requires no furniture. 

Although squatting for a longer time Is a matter 
of habit„ it is inconvenient. It to suggested that 
workers should be given low height (40 cm* high) stools. 

Hone drying  
Considerations are similar to that for leather 

drying. Its logical location to next to finishes depart-
meat, whence the articles are carried over wheeled racks 
to tae, bone dryer. Once they come out of thic dry.r 
they should be taken to the decoration or glazing depend- 
Ing on sv.rglese or undergl.asi decoration• 

vi and viii) 03.setmj end Decoration  
In case of sanitary ware the glazing should be 

spr 	,axed in the specially built and, ventilated 
oubtoal.. Site of these to 1.2aalmx2m and must have 
atieset la apace for operatives to work on tworh®ide ) 
workei 4e followed with a wooden storag. rack, for keeping 
the ware to be fettled and fettl~►d one, For em rr 
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itsas# there should be a combination of spray glazing 
and 'dip-glazing'. Th dip gluing requires a wooden bench 
of 4.60a height and width +mot! atleaot 1.2* working space, 
These being wooden worktables, can be adjusted to any 
place and pose no planning problem. The 'g1sas~*s1tp' 
should be prepared in slip house# blunged sad. brought to 
the agitator near glazing section wherein It is further 
agitated before being ussd This agitator is likely to 
by a source of noise ari4 hence should be enoloeed with 

partition, This section must have space to accommodate 
the colour—pot MU and storage of pu pigmenting  

Qhonlo+ le* 
07 

►ootion section should have arrangement of worktables 
of )45 ca. h't, and 2 or 3 wheels for the .line decoration. 
These tables provide adequate storage for brushes, pallets# 
#cut, print stencils' • The entire area tut be dayligbted 
for correct colour identification and perception. 

vii) ,Farms Becton 
This section has two poasibilitiss. 
i) Tunnel kiln, 

i) Down draught kilne. 
Tunnel kilns being very long (1500 to 405'z2„4M x2.4M) 

4511z122M 
the lengtb of the firing section to governed by its 
size* A 15* wide buy can take oats of a tunnel kiln+ 2 track* 
for kiln cars and a bye-pass for sick care. 

Other requirements are the ot] pr6esuriaiag obambers 
and instruz+ntation room* At the two ends of the kiln there 



aunt be atlsset 4.5a to 6 u space for accommodating the 
transfer track*  A 3mza apace to mid for two oil 
tanks and a compressor and air blower. .Instrumentation room shou  

should be completely enclosed by partitions to keep aft the 
excessive heat of the kiln*oil is stored in an elevated 
reservoir outside the butitup ares and it is pumped up 

from oil tankers and goes by gravity to the two oil tanks 
for being pressed Into Vii. 

A tunnel kiln consumes about 205 tons of oil/day. 
Hence the reservoir must have adequate capacity (A 15 days 
supply stock Of 40 tone divided in two parts.). Whatever 
the type of kiln there should be storage space close-by 
for i) saggere or fire clay furniture, it) Greenirare 
storage#  ►ad (iii) unloading of fired ware. With the 
down draught kUns storage of coal and the quick removal 
of the burnt ash are important considerations. Both these 
contribute 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 factories should not go In for these latter 
type of kilne in view of the followings i) uncontrolled 

firing#  it) shortage of coal, iii) mLteanoa value of coal 
and (iv) Air pollution and effect on fit-crops. 
In modern contest there are a variety of kiln both 
electrically anti oil fired ones and of different capacities 
to suit medium and large scale productions Henceforth, 
a now enterprise should think in term of kilns with 
controlled tiring which reduce the wastage to 3. and 
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which keep the factor r interior more *lean and hygienic, 

fat) Inspection and Sorting 
The cooled fined wars is inspected, sorted out and 

etas is rejected. The fired ware is unloaded on rice, 
sorted out on a work table 1.0 la and olaseifted ware 
is kept on another rook, for being taken any to packing 
department. At this stage, the product, being etrongez, 
could be handled on a powered trolley for faster Koval 
and avoid anuel lifting of heavy loads* 

(x,ni and xii) Watkins Weresuhousing and Dsapatch 
Before the product is packed, it to weighed and  

*hooted by ezotee inspector, Therefore, on way to this 
section# there art be provision for i) weigh 'bridgi~. 
big enough for trolley, ii) Room and office for excise 
inspector. The working of this section should have following 
sequence„ a) temporary storage, b) packing (store of puck.. 
ing materiel, and a_ smell workshop for packing yes, 
pelletieation, orates eta.) a n) warehousing,, and d) loading  
platform, temporary storage should have enough racks and 
space between them for movsnt of trolley, storage of 
packing material should be of fire-resisting materiels 

in view of its combustible nature. Actual packing can be 
done on 75 cm. high work tables or by equstt ag,out of 
which the former Is recommended as it *awes lees inoonvefi 
ienea. For very largo concerns, psll.tiaing of packing 
could be ooneidered- this has been dealt in handling of 
materials and products. Loading platform should be 43 in a high 



so that the 'truck platform comes acre or less in the two 
plain and the loading becomes easier and teeter. There 
should be a cover over this area at 134-00 (4 a) above 
ground Lewel to ensure uniterrupted loading throughout the 
year. The so St Important consideration while locating 
the 	house' is that the oont 	for checking in of raw 
materials and checking out of finished ware should be at 
one point for *Vw of eangØaent and security. (i .2.1 la) 

24,5 AncIllary 11oc odation 
1) Tsattg Laboratory 

' is laboratory tests the raw eatertale, clay slip#  
plastic cam, des, pLa.nts, tired wars, Its location 
has relation to every stags of production and shoes 
therefore be close to the king department. Location close 
to sliphouae should be avoided as it is a noisy area and 
would therefore the distract the attention of the Sts 

and laboratory must have acid r.eistant floor finish. 

2) Electric Substation and St by Generator 
Location of this otation is as directed by the eleotab 

rice], supply authority and as 8u0h architect can do very 
little in this respect:  except maintain its basic aesthetics 
in keeping with the general design. 

3) flsintsnanoe Workaapa 
Location to be close to the making department so as 

to quickly attend to the fault and prevent lose of production. 
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2.1.6 Some 8peolal squireaents 

Beyond the usual requiresente of a pottery industry 
few special requirements are given for consideration of 
large scale manufacturer* while eon* are applicable to 
small, scale and large scale concerns, 

I.) onset Roope 

Most of the pottery works are so located that for 
visitors, suppliers, dealers, inspector* *to, there are 

'no lodging facilities nearby and are therefore pat to 
great inconvenience, It is suggested that atleast four  
guest rooae for larger concerns and two guest rooms for 
lasher ones should be provided to average this inconvon 
ienae. (Sugar Industry y in India as a rule has a provision 
for guest rooms)* 

:i Plaster of ate Unit 
Por larger establishments especially the sanitary 

ware industry, should have Its own plaster of parts produc..► 
tiara unit required for king of aoulde, ' Sanitaat ►vare , 
se ,de' being very large,, consume a Urge quantity of 
plaster of perie. K+ ,ds after losing absorption capacity 
are of no use and are then sold to cement industries as 
raw materials. Por a steady supply of moulds, a plaster 
of Paris eaking•un t is highly desirable. Any surplus 
material is purchased by issi .er waits in the region. 
I") seeareh Centre 

This 1e indispensable in our modern world In Order to 
keep abreast of the latest dvelopsente in the industry, 
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Gruff aerr dpe3 sai d patterns* ,  for technological advancement 
exploring • new #aterial processes and Sao to attend the 
day—today probleas factory problese.. 

fir) Txeining Centre 
This is needed as a social. welfare centre to train 

the workers in the art of casting, 3Lgg,ring, kiln work# 
setting, glazing etc. so an to keep a ooneta t supply . of 
trained personnel for thin tndutry like apprenticeship 
primes in other Lndustrioe, 

2,1.7 Soae Idea of Produotjon end M&ohln019 
For a 4ai toff Plant Capacity Man aottari , 
a) 800 teapots, and sugar pots 

5000 cups 	 per day 
5000 saucers 
or 

b) 300 elite • 3500 L,T. insulators day 	or 

a) Half of each of sand be 

BLIP KOUSR  
i) On. gay crusher.* Barr 61aaxl21no 

1 ton/hoer (of 3/4 size) 9 to 10 H.P. . 	one motor 
101 pan xiill ith granite sullera 	 38 H.P. 

9"x24' wheels#  pan 4'zl' 
1./3 ton/hour of 2o mosh . 5 H.P. 

5 ball mi11s ilex stone lining 
4'x4'  else„  
1/2 ton size/ Ball sill/day. 6 H.F. each. 
4 for body I for glass + I agitator, 

iv) one blunger 5 dia.x7' deep. 
Fan 2C?'dias ** 1 ton capacity of body slip 	5 li.P. 



I) 1/1$'dir. vibrating sieve 1/2 H.P, 
vi) Electromagnet vorking on 110-220  volts. D.C. 
vii) Beta g tank/ agitator 	5  t. '. 

1O'x6'z6 

via) Hydraulic pressure pump 
4 R. F, 350 gallons/hr, 

ix) I filter ,preys- 40 obanbers of 32"dia. 
3/4 ton in 1j -hr. 

a) 	One number desiring pug aiifl 3.T /hr. 5 H.P.  
If shaft driving is used than 'l motor of 20 H.P. with . belt 
and driving bhp. 
LINO DBP .RT NT 
1.12 jigger jollays 	-w each 1/2 H.F. 
2. 1.0 wheels 	- saab. 1/2 RJ,, 
3. 4 wh. elm for finishing each 1/2 H.P. 
4. One 15 H.P. motor to run the maohthee. 

3* R SEC` ON 
1. One roller sill for mixing fire olay and grog 

/4 ton r, 	5 H.P. 
• 1 Blunger *+. 1./2 ton/hr, 2 II.?.  

3, 1 jug Vii— 1 ton/ hr. 5 H.P. 
4. 1 jigger jollsy 1/a H.P. 
5, On. motor of 	1.0 H.P.  

WOULDI%O DRAM 
1. One pan sill-steel mii.ra. 24"x9' pan 4' dim. z 12", 1/3 ton/br„ 	5 H.P. 
2. Calainirig Kiln for gypous. 
3, One motor 5 H.P. 
4, Ono wash- 90 Not 
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I t  1 no. oaloining ,1 3n for quartz/fe1cpsz. 
2. 3 down draught type kilns,* 

each 223.7 sq.ft. + ht. of 101-0 or a tunnel kiln. 
Main Raw Materials required,. 
3. Bn11 clay 
Zo Yelepar 
3. t& tarts. 
4. CaCQ3  
5. Fireoloy 
6, Gyps 
7,, Coal or 
8. oil: 

55 tons 	p.n# 
30 tons. 
30 tons. 
Itees 

25 tons 
3 tons 

45 tons 
60 tons 

2.1.x# 
The foregoing diGou Dion given. eosie guide lines In 

respeot of correlation and sequence of operations so as to 
achieve ve eff iencsy in produo ion. Ad*inietrattve requiresents 
are only unuserated and no special ooneideratioo Is 
involved azoapt that the plen should provide fair future 
expansion. A double stor+eyod development Is oonaM red 
reaso'nablo and logical for ad*LnistratiYe units wherein 
the rooss suchh as libraz7'.cuz.Ioonfersnce, could be on first 
floor so soloo be quiet and lees disturbed. Security start 
should be provided housing on the eita itself so that a 
round-the-clock vigil can be ensured. Some Idea of production 
capacity and related requirement of cftchiner7 has been 
given 4. On the basis of space requirement of machinery and 
equipment as elaborated in the foregoing text, planning 
standards could be formulated. 
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2 * 2 HANDLING OP M*ThRIAZB AND PR 'CT8 

Material handling emerged an a technology during 
Second World War then the acute shortage of 	p r 
mooted the dsvelopent of mechanical hall ling in industry. 
This was due to the enormoun quantities of surplus pellets 
and other handling equipment thrown by the armed forces 
at th• and of hostilities. 

It might be defined as the movement of every thing. 
' thu picking up and sitting down, moving In horizontal 
or vertical pis, (or even a combination of the two) of 
materials or a osodttt.a whether in buIlt or unit, In their 
raw, semi-finished or finished state', Scientific materials 
Wiling Is now recognised as a vital factor in end-.  
cost of all products and services. It is therefore essential 
that every new factory should be so d.eaignsd that the 
struck and layout do not Inhibit the application of the 
most efficient handling method compatible with the work 
to be pefformed. 'Eandlin coneerutions' do not apply 
only► to workshops but are equally important in respect 
of raw materials, finished products store,, transport, 
reception and despatch bays 

It is important to note that none of the 'stems 
of production'  can be divided into wator tight comp-
sleets* Smooth flow of materials and products in and out 
of the building are the 'key words' for a modernfactory.  s 

2.2.1 Mvsntagse of Effective ateris1e Handling 
The various advantages are as follows: 

1. Increase in productivity from existing plants and ft2U 
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use of metalled capacity, 
2. Xncr.aeed volume handled with no'*.npover increase' 
3. Upgrading of jobs, 
4. Delays reduced, 
S • More time spent on *nufaoturing. 
6. Reduction In fatie by eliminating heavy.manuel  

handling and transporting. 

7. Reduction LA accidents and personal injury due to 
gal handling. 

Be Tine oaved by fester handling (fig.2,24) 

2.2.2 Nature Of the Handling. 
A detailed study of various processes and flow 

diagrams (as given in Chapter 1) reveals that ' the hauttling  
could be generally di#U" into three stages of production«  

i) Iltuidling of raw materials, 
it) Handlingof products during formation, 

Iii) RandUng of finished products including packing, 
vere 	Bing and deepatch, 

A further study of the process would bring out the 
difference in the strength of products in these three stems,, 
i.e. In the first stage of production,, only raw satartals  
are being handled and that these materials are not break. 
able. In the second stages  the product#  in the form of a, 
greenware, i.e extremely delicate and met be very carefully 
handled to avoid damage, In the final stage, the product 
is a ' ftr.d .ware' and, hence, relatively stronger than 
the second stage product, These stages give a guideline  
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as to the extent at asobanised handling applicable during 
each of the three stages*  

i) Handling of ftw Materials  
Ar s3esdy'sentioned, the principal ravi. materials 

Ere the chime and bell clays, to eyar, quartz and the 
glaring aaterisle such as the sine and tin oxide,, barium 
and calcium carbonate, t t etc. The materials ax,. 
brought in by railway wagons or trLck trans port  of which 
the latter is the most commonly used transport for incoming 
of raw materiel or outgoing finished' product, With the 
increase in the number of rih olee on road In the transport 
network, road transport to going to be more and more used. 
One more point In favour to that the material is only 
handled once, mod. not twice or thrice as in the case of 
railway wagons,  thus lessening the possibility of arming 
of other meters, 

In context of 'pottery works' It is extr.ael.y tape 
tent to note that during the months of monsoon, the clays  
are not qt tied and hence not brought in the factory, An 
adequate stogy► area with capacity to + et eset' 4 months,' 
01y stock is desirable, In a number of factories, as 
Observed, the raw materials are stored on a raised (11  above  
gated level) platform where in they 	taken to the slip 
house for weighing and charging into bell mills. The poe on 
of belt stile with respect to O.L. has a considerable effect 
an raw material. handling. 
1) Sall mile at floor level, 
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i) Ball sills on a raised platfons 

Iii) Ball sills below the floor level. 

in the first case, the charging platform goes to 
a height of 2.4a shove floor and the saterial (weighed 
and filled In tags) to raised to this hoight by a lifting 
chain end pulleys moving alms the platform over an 
I section (refer figure ) • It this troilly saving over tbs 

I eeatIon is 'powered', handling of mater is becomes 

easier and an Cher. MA charging operation/ball mill occurs 

once or twice a day as 4 hours or 8 hours is the running 

time sot for hell Mile for a thorough grxding Of materials, 
In the second *&so # the charging platform Is conaidsa 

ably higher but a s ar arrengeis at to in first came 
could bold good and the blamer or the wing tank is 
accommodated in the height of raleed platform. Gensral !`, 
I,. biungar between 2 ball sill* is usually placed, This 

help* for the gravitational flow of the 'bluer ontento* 

(slip) to the agitator. in first case the blunger being 
below the floor, its OontentS have to be pumped to the 

in the third case,, where the 'ill is below the 
floor level, the charging platform is in the sass level 
with, that of general floor level and thus the material 
can be charged into the ball mills without being raised 
and no raising srr n, eaenta are necessary • However#  

this odvootage is to some extent lost because the slip 
from slip storage has to be pumped and raised to blurs 
2.4 m above, 'The gravitational flow* l6 Out Of question 
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because of ire level diffsrenoe which was taken a4vautega 
of In second oast. Further the workers in the basement area 
are deprived of vicual rsat• sntx*se in the form of wind rs 
and lot of absorption area will have to be provided to 
avoid exceSsi a revez'ber*t ion of wound from the ba blank  
em rtaioss around this ball mills.. 

Unloading raw materials 
Raw materials are brought in by the trucks or by 

railway wagons. If railway is close to the site,* the 
contents of wagon are emptied on a plattorm..specially built 
to avoid mixing of other materials with It. Ac and when 
required, this can be taken to slipbouee,,With the trunks, 
is stogy bins should be so arranged that the contents 
are emptied directly into the bins instead of on a platform 
and being subsequently carried to atom bino,, In many 
factories the practice is to unload the material on a plat-- 
form and then to cagy it manually or by wheeled racks 
Into the stoma bins* This involves a doubts handling 
and wastage of men hours for the subsequent transfer of 
material. Loading tine of trucks with 160 oft capacity to 
enumerated to give some Idea of time Involved in double, 
handling. 
1) clay 	..20 minutes, 
i) Quarts 	0»35 minutes, 	„' ~":: Y a'f'  

iii felepear 	• 35 minutes, 
Ire) tarts or tolepar 	30 minutes (if Of max., 2" sale.) 
) Begs of chemicals - 75 minutes (for 200 tags) or g3 aaind ants. 



However @  the time tskli for tubas uent loading of bins 
will be mob sore than above because the above time quire' 
moat is when truck Stands close to the material being loaded. 

U. arravSeavat .ugsstod, i. that the truck backs up 
to the storage bin, Opens the rear plank auto the parapet 
of bin and material is unloaded directly into the bin, 
)urtber with sloping floor and a controlled outlet, oatorisl 
can be taken directly into a ruing trolley and taken for 
vghing and filling into the container whez'droa it will 
be wed to the charging p3.atfora, 

For deciding the height of pmt (table 5 ) r  a 
survey of abut trucks was done to Muds both the old 
and new trucks and the loaded and empty trucks. Second 
precaution ns0000* ris prevention of ovsrdriving of trucks 
and the damage to the bin vail s, This can be prevented 
by the 'over dries bar* at floor as ebown in the f'ig. o2wI .2 
The distance of rear vheels to the room end vex this 
position of bar but this varies with is trunk and baese 
paver* In the art smarty used trucks with 121 H.P. 
having a o►ii aua overhang thin is 5-O or+ 1,5 N. and a 
bar at 1.5$ from the bin wail will overcome the,lority 
asses and would cause no Obstruction for truck. with 
bigger overhang. . This observation It based on I hour survey 
on RexdMSr road and at Nays Bazar Street, Old Delhi, where 
during 1 hour, 1.2 out of 15 eat 33 out of 40 trucks were 
123. H.P. respectively, 
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Table 5 No, ,e.MhL.o~  9LUIIf2= 

196a s 	ruck 	l+Oadod/ 	i e fight of truokpiatu. 

1. USY 6225 Msroedu 	I de d 	42' or 
p, USV 6625 Mercedes 	Unloaded 430 
3, UPS 7060 Bedford  
4. U$V 623.6 Tots 

3, URA 781 to 
6.  UPU 9465 1aM  
7.  RR► 7205 Tate 
8,  USV 5325 Mercedes. 
9,  PRD 3023 Tate 

Uu3.oedsd 	430 
loaded 	42' 
UnlOaded 	440 
Loaded. 	43.* 
Loaded 	4U"' 

Unloaded 	4*0. 

Loaded 	420 

-- 

Place ti 	Hard war road near i:anaL at Roorkee 
Time 	43Q P.M. to 5.30 P.M. on ,4.1 3, 

Therefore 114 or 39! to 40' height of parapet with a rubber 
lint at top# to suggested. 

Drying Platforms  for Onloined Qurts end F•lspa 
To render the above materials brittle and more 

eae13.y crushable, thes. ore caloined (boated) In kilns and 
vastd before being crushed in jaw orueherri, Once washed, 
these have to be spread over a drying platforn to r mono 
the water, which partly drains off "ortly gets evaporated, 
During monsoon, the evaporation is a oat absent and a 
wars sir flow Is sasantiai to eliminate water completely. 
Far this purpose arrangement as mho in flg.2.24 is 
+files "ltd. 
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A platform laid to slope with channels having a perforated 
tills drain bottom is recomsendsd. This serves two purposes* 

i) Drains off teeter from washed materiel,, 

ii) being connected tb Mr * # It effectively helps 
evaporation with tie current spread all over the 
area of matorie1, through the perforated tile drain, 

2, 2,4 (ii) BaM ling of product during lortatton 
Various stages can be enumerated so 

i) 1aking, it) Ding and finishing and Lit) glazing  
and iv} tiring. 

It has been soon that the raw materials having under-
gone the processes of grinding, blunging, agitating we 
in the form of a slurry '. +oiled' CLAT 8LIP'. The slip is 
passed through a filter proms and the filter *fie are 
furCher eub jsct~td to de. ,rang in pugaill and the emergent 
clay' rolls 	temporarily et .d over a wooden rack. At 
this stage the clay is ready for various ' ► .ng..prooeeaes'. 

. roll *ms It tot used for Jiggering and Throwing 

ii) "Ile once again mixed I with water and blunged 

to form 'clay slip' for casting process. 
This jiggering process to used for preparation of cup*, 
saucers, plates *to. The following are the handling operations 
(with correct sequence a skilled worker with an Assistant 
can make about, 600 pieces/day in a shift of 8 working hours) 

m, clay supply in the form of cut 'Date I for plates 
and saucers and in roll forn4for cups 

b, supply of empty moulds 
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0. carrying ays.y the Jiggered pieces, 

Prom now on, the ways being formed is delicate and demands 
careful an . jerk free handling, 

p anation (Pig. 2.2) 
For smaller units where the sell handling is done, 

the eequence of operation L,D as follow+, 
a) mould A1  placed on wheel, 
b) jigger lever operated 
a) clay lump thrown in mould, 

	 1 piece ready 

d) e*oeeo clay back to clay storage, and 
e) mould placed at Aj with 3i&e d ware. 

For second pied* operations are repeated and A2  does to l 
At the end of A5, the plank 4 ii impty and before A5  goes 
to A, the helper replaoeft plank A with another plank of 
5 empty mould and carries the plank A' for open air drying. 
To avi,id tat r, generally 2 such A planks are placed with 
about 10 empty monde, each plank being replaced with 
empty iouZde and eia4taneoua carrying away of A• plank for 
drying. 
(A'5.'ztuld'unit happens to be easy for aenua . handling) 
As far U possible the removing of moulds eta, should be 
done from the other aside of the pi,attora (opposite to the 
operative) so that during his movements he does not 
Inadvertentlydamage or disturb the noude etc* being brought 
from the rear side 

However with bigger units the jiggered wane is 
carried to dryers over wheeled woks, Capacity of 4 wheeled 
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rack is vary large and as such a different system is suggested. 

Operative himself picks up empty mould plank from 
top rack sad replaces the plank with jiggered wax* * In 
this way, inopits of s feedback from near side there is no 
risk of any damage to the articles or ware being formed, 

It Is a process by which jars, some types of in stars 
etc. are formed.* Considerations for handling of materiaia 
and product* are similar to that for the jiggering process,  
It differs In following respsotss 

i) Thrower alts on the table itself for hand shaping of ware,. 
ii) Height of this should not exceed 2'-6' (0.75 N) for 

safety reasons and ease of climbing. 
iii) once be seats himself in position he cannot be expected 

to get up and take away the formed ware, himself*. 
iv) sufficient area for seating of operativeand for et*- 

rage of formed were. 

Outing  

8anitaryware, litahsrs,, kettles, cup handles eta, 
are :formed by this process and as such the 'clay slip' is 
the material being handled which is used for filling up of 
plaster of parts moulds, Once a Ivor is formed along the 
inner surface ace of mould, excess slip to drained off and taken 
forrouse while the moulds are Opened to release the ware. 
For smaller articles like kottlea, pitchers etc. clay slip 
in 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 aoncidirat ion t 

i) Haight of canting benches should not exceed 0.60* 
(2'..c?') for ease of 	d«oaettng►  

ii) Storage of empty toulde,, 
iii) storage of formed ware, 
iv) casting and releasing of moulds being skilled work 

is done by tho same person. 
v) carrying back the 'exdese and drained off slip' for 

reuse 
vi) Use of pleetta buakote and 4 to avoid contact 

with Iron& 

Casting of Sanitary Vaie (Fig*  2.2..4) 
The articles being of larger size, casting 	 Jugs 

is most inadequate. The 'slip' , is conveyed from the slip 
house agitators and pumps through overhead P.V.C. pipes 
above casting benches with flexible 'drew off' branOhaa 
at intervals ` *The P.V.C. slip line is etepends4 by olamps 
etc. at 9.4 M above floor# Dace tae rare is releaaed, it is 
stored on racks with 'rubber lined Sponge cushioning for 
eoftsupporttng the newly formed ware«, These are subs**,  
quently taken to dryers by placing over wheeled racks, 
Sufficient (2M) space ntu t be left between the storage racks 
for the free movem►ont of wheeled. rota. Casting benches 
should not be more than 2'..C'  (.60 M) in height and 
should be kept free on floor to an to provide flexibility 
in their arrangement.  This to particularly necessary as It 
allows provision for change, adoption of new techniques of 
handling, 
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For dryer  tunnel, there has to be atleaat 
I to 2.5)1 spabo on one side for movement of dryer oars. 

Similar dryer  is used for various articles and 
processes of asking the of 	re. 

Adoption of new techniques must alld r for conveyer 
canting system specially for the sanitsrywars • This 
requires apace for 

) mould dryer about 3i). long * 2.4M x 2,4)1 
ii) conveyer casting bench-ovornU length about 

45 M, 
i ) mar for the were 

Mould dryer i6 required because the mould being large, 
does not day quickly and the production goes down unless 
a continuous supply of dry moulds is ensured, This  
system occupies a space of about 15 N in one direction. 
A grid of 15W5M pro des flexibility for orienting the 
oo .yor ►sting system along either *zte« 

using 
This is a process for making of some types of 

making of s oms types of porcelain insulators like +cleats 
fares, *too  Raw material oonsisto of dry mix obtained 
by drying the filter cakes to about 127. water, die. 
integrating in a du.:: t blower and finally the screening.  
The dry mix is brought in plastic container# and ,pressed 
is the dye of hand toggle and screw presses to form the 
insulators. Semi.*utomatio hydraulic presses should be 
be oonaidered as a new alternative to screw ,presses. 



!lo1sLtltg 
The ware once passed through drjr. is ready for 

finishing. The polishing, fettling etc. dhould be carried 
out in enclosures to avoid the resulting duet-nuisance. 
This has been already dealt in deter, under the topic of 
'Du st.Cont t • arid and hence only motion Is wade hers. 

Glaing  
The finished were can be finished either by the 'dip 

gUs ng' or spray  glazing, the latter net• be  osrried out 
in cubical* to avoid spread of the spit dots od to 
promote .xhsuet ventiiatton. ir Items like sanitary-
war. is sps xyg3aaed while.e smaller articles are dip glased.  

Pining 
i,) Vaal kin, U) Dondraugt kiln. 

Tunnel Kiln 
The a ad green is tr aferred from wheeled 

racks to kiln car duly ►et an the appropriate fire clay 
furniture. The kiln came should  pass through a obsck ate 
(en exact cease section of tunnel kiln) to ensure its 
smooth travel in the kib. The transfer one push them  
Into the kiln. the tunnel kiln bsirig a continuously fired 
type, following consideration tion is 4 eetra le r 

I) ?41,niaua 2 tracks by the We of tunnel kiln to 
accommodate a number of can ready for being loaded with 
Veen and glazed were 

U) Menufacturing of ware i.e generally during the, 
day shift and to most the demand of a tunnel kiln, the 
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day shift rt prepare enough were so as to be sufficient 
for night shift: 

iii) Thus by the end of day's work, one of the 
trooks with kiln care should be kept ready, duly sot with 
groen.'glssed ware, for the uighbfead, 

iv) An additional short .aids track is reo 
near both end e of kiln to remove the siok or detective 
kiln oars. In the absence Of this side track a sick oar 
will provide, great obstruction. 

v) As a fired ware oar domes out at a rate of I car/ 
hours  a small enclosure on tracks at the fired and oldo is 
recommondsd to aaco=odats the just dived and very hot 
kiln oar. The enclosure should be provided with ezbauat 
Ventilation and the excessive heat thus removed should be 
utilised for dancers * if this ' precaution is not tt ken, the 
ezoessiwe heat given off by hot oar would oeuas a great 
discomfort in kiln section. 

vi) A sat ficient area for storage of the greeu. 
glazed tare and the fire clay furniture. 

Storage of fire resist tug materials for fuel.. 
(tie turn*** oil). :. 

(U) Dew draught kiln  
This is a nm--oontinuoul type of kiln while, one 

firing operation oomplet. from loading to unloading is of 
about 6 days. Material and product handling ebould have 
following considerations, 

i) sagger etor a for settling of gr.englessd wars, 
ii) storage for coal-used as a fuels 
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lid) Persons engaged in loading/unloading of saggers 
should bear a respiratory sask in view of the 
dust nuisance. 

IV) this type of kiln to only suggested for sraU•r 
its and future expansion rnist nak. a provision 
for a tunnel kiln, 

v) Immediate removal of opal-'ssh to the point of 
disposal to ermine dust nuisance indoors, 

2.2.9 (iL) Handy of Finished Goode 
The material after being fired is relatively stronger 

! adoption of Industrial trucks can be oon idered as 
worthwhile, Once out of the kiln$, it 10 Inspected and 
sorted out. Edges In respect of sari" wars need to 
be protected and this could be done by "paper gum taping$ 
the edge$# 

'are Rousing  
Ware housing of goods to a fea.tu'e of every type. 

Of industrial building„ Won In the smallest of production 
unite consideration met be given to the storage of 
raw materials, handling and storage of finished goods, 
Production and deepatob. rates osn never be balanced, 
sins. goods have to be accumulated at the various stages 
In the production oyole. $torte facilitlee are therefore 
nso•esary during the whole process of manufacture. 

t~3rehouelug ooaprte es ilis following functional— 
X) Receipt of goods, 

U, Safe storage of goods at the time required and. 



in eorreot sequence, having regard to the order 
in which they tern received. 

iii) control syotom that will enable those functions 
to be performed. 

Moher,e1a.8anttling 
Whether *torso to short term or long term • It 

is eseantis11. that provision is mede for rapid movement 
of materials mad ®an* of ndling. Bxooe handling of 
goods say prove dangerous In view of their brittle nature 
and It add* to the cost and not value,, Oood 	may be 
stacked by hem to a height of some ' 	*~8 t (24 to 2«4M) 
Mechanical means of lifting enable this height to be 
ire+ •d upwards upto 161 (5$) compact packing requires 
less volume, of storage and the height is most f $ 	' 

exploited because of *eobanicel handy, 
The deem of ware house is affected or governed 

by the following faotoro 
3* Method of storage which can be 

s * simple stacking, 
b. Backing, use of fixed racks, 
o, PsUetisation, 
d, Intez looking typo (specially for sanitary warn ) 

2, Method of Bandling 
n. Manual handling, 
b. conveyor, 
o. T u13y operated wheeled racks, 
d. PorkI,ift, 
•, Tow trucks 



3. Method of Paokad 
a. export type, 
b. local 
a. distant cities* 

4, Method of receipts or despatch 
Including checking#  loading and unloading. 

Storage by St d and Bad 
Storage height is united by,  a 	►Ia reach.. say .  

upto 6'-71  (2.1K). Slatted angle racking or wooden . 
racking can be tailored to suit the goods. Space between 
the racks is governed by the system of handling. 

The storage of goods on plate is suitable for 
warehousing moot types of products.*  The advantage of 
palletteing is obviouslyr greater where it is passible 
to load geode straight from the packing line onto pallets 
and then to storage. 

In essence a pallet In a portable p1atfox of 
appropriate sine and strength. Fragile or irregularly 
shaped goads require special pellets celled past and box 
pallet a 

In the scheme of pallatiaatton the following proc-
edure mist be adopteds 

1) select a euitablø type of pallet depending on 
ast er of material, 

ii) Select suitable hndIing equipment, 
iii) Depending on (i) and (ii) 	'opt of racks, h*ight, 

spacing, gangway widths can be determined. 
(in western context, palletised service to adopted to a no,, 
of pottery works) 
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Type of 	ustri Trucks (lig„2.2-5-7) 

There to a wide variety of industrial trucks 
of Indian sanufacture such as Fork lift, tovtrucks, 
pellet trucks, platform trucks, p .et etracker„ 
stillage trucks etc. of different carrying capacities. 
Fort ft truck t M its amt from the pair of fork* used 
for lifting the load* The fork* vary in width and length 
to suit the load being carried with generally an 
ostendsbi,o mot* (common height of the met is $'(2.4m) 
and extends to giis a lifting height of 32'-l4' (3.dm to 4.2a). 

The height and width of door opaninge is determined 
by the height of must (including the fro lift) for its 
free movement within the concerned departments. A 314 
height and width is satisfactory for osso of turning etc. 

. US width Of the gangway must dspi o ► the size of the 
pallet and the turning circle of the truck chosen. Gangways 
are generally 31'- • (3.314) but say be mooed to 7'-8' 
(2.11 to 2,41) with f'ort-roach tracks. )(axiaa five pallets 
depth along waUs and ton for free standing pa3]. to is 
perm Bible* For entirely free movement a stanchion 
fre. area is the best but this are to be weighed against 
the increased cost of single span , end inconvenience due 
to atauohiona4n merican practice a 40'z50' (11514) 
grid is commonly employed * As already dealt In detail 
under the chapter of flooring, due consideration to 
necessary for the weight end friction of the concerned 
industrial trucks, 
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TRUCKS; ENCYCLOPEDIA OF MATERIALS 
HANDLING, VOL 1 ; PP. G35—,42. 

MIN . RIGHT ANGLE 
STACK AISLE FOR 
~_0KK T~UCK_S 

(REAR STEERING WHEELS) 

F 
2.2-5 : INDUSTRIAL TRUCKS ..DATA 
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L 	M  _'  

P7ORK-LIFT 
TRUCK 

'IMENSJQNS INCHES mm 

A OUTSIDE TURNING RADIUS 62 1575 
B MIN .1NTERSF-CTING ASLE 57/8 1450 
C it45IDE TURNING RADIUS GI/4 1GO 
p REA4 	TPGAD 253/16 650 
E FRONT 	', 26 1/4 GG5 
F OVERALL WIDTH 34/8 885 
G MAX. LATERAL. SPREAD 30 76o 

qL OF STEER WHEELS TO REAR 153/4 400 
OF TRUCK 

K WHEEL BASE 37 940 
L C/L OF DRIVE WHEELS ?o FACE 121/2 310 

OFFO1KS 

M STANDARD FORK LENGTH 30 760 
N OVL-BALL LENGTH 	LESS FORKS 651/4 1650 

0 - 	- 951/4 2410 
P OA HEIGHT F+AND STEERING WI4E.EL '62(/4 1580 

FIG. 
22-6 

-100mrm 
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PASSA61r 	SI2E OF PALLET IN INCHES 
w i DTN 48"x 40' 46' x 32" 

A 78" 6~ 

B SI 91 

C SB 84 

D 108 102 

E 125 117 

1= 145 135 

162 154 

DATA ON -OPERATING SPACE 
N SIX POS IT IONS 

SOURCE : WOODLEY. P.R. Op-Cit , PP. 35-Q42. 

M N 12°CLEARAN E 	906F TRUSS 

It1 •. 

2"G; A PS 

3:q g.q• AISLE 
MIN 11-0". 

LIi[ PALLET S  

SOURCE: 
WOOOLS~ . P. R . Op-C, PP. 63-42 

e INDUSTRIAL TRUCKS — DATA 	 2'2~~ 
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The packing is resolved into (i) Export Vaoktng 
(ii) Local supply, (iii) Distant cities,, 

Expo packing for esnitaryware Is done by placing 
the rare is a polythene bag hold in a wooden crate with 
sponge cushions at intervals on all faces Including the 
bottom, For eaaUer war*# it is in cardboard cartons packed 
In wooden carton with hay or paper foil tilling.Local 

supply is by ►pp t of ware into dried rice hey. and 
tied with ropes. For saaUer Items it is is cardboard  
cartons and bay packing and distant city supply Is in 
wooden cease while sanitary ware is tied In gunny bags 
with rice hays packing. It Is recoieided that the oneloe.  

w for storing the packing materials should be of tire 
resisting naterials in view of the combustible nature of 
the peaking Bate s e For despatch , the loading platform 
Should have a height of 43" with a overdriving bar at l.51 
from Its face* A covered loading platform to suggested 
for undisturbed loading during all the seasons. The truck 
height with load comes to 3,1'- !' and hence, roof should be 
about 3.31'-wow (Y.9!} above the ground level,* (Fip . 2.1-1 b ) 

2.2.6 Sussary 
The foregoing dtecuseton brings out attention and 

which has effect on planning. while in western countries 
the methods are biconing increasingly sophisticated, 
Indian pottery industry should ate at striking a golden 
seas between 'total seobeilzation and total manual handling 



in view of the following 
i) Any system of aechenised handling should be in 

relation to the stage of production i#0« for raw aateriale, 
mechanical handling by a power gantry is suggested while 
during formation st ge only sanua►lly ladled wheeled 
racks should be considered„ During Sinai stage of products 
(after firing) use of industrial trucks U k. pallet or 
etiliag. trucks or tranol.oader truck is suggested o Par 
warehouee use of fork trucks is Suggested epeoially bscaue 
it exploits fully the storage eras. 

Li) Certain processes of hand or sponge finishing 
done most efficiently by ther 8nman'.aeneory system should 
not be replaced by neahanised wage of finishing. 

iii) The entire factory should have 'SINGLE 2VE1 
PLANNING' to facilitate the easy movement of wheeled racks 
or industrial trucks. 

iv) All storage ráok and wheeled racks should have 
soft cushioning as suggested. 

v) No storage racks should be fixed to floor so as to 
provide flexibility and now arrangeaanta should a new bartdl. 
tug method be employed in future. 

vi) Aimum of 211 space should be left between 
storage racks for free movement of wheeled racks 

vin) Door openings in warehouse and kiln area to be 
s ieaei 3NX 11 for adoption of industrial truck handling. 
Doors should be sliding or roller type otherwise swing 
area of wider door openings waste a lot of apace 

viii) Single handling should be resorted to where possible. 
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2NV1ROM8NT AID OUEITATION  

.Z GB1BRLL 
,asicaily a , factory building is a shell, to protect 

and run a process,* But the prooeaa needs workers who are 
increasingly demanding better oondittone. Good nanageant 
practice now has its constituents as the provision of 
pleasant and efficient working conditions. Over they last 
few d•aadee,, caging aooiai attitudes,, hygienic require. 

nts,, mental satisfaction and psychological aspects have 
ssaphasteed the fact that workers have got to be considered 

Good and •ffioiønt work deaends good conditions in 
offices#  factories and institutions. in factories, one 
of the essential$ will be. to provide a working environment 
which is optimal both for work and satisfaction rather than 
marginally acceptable,* It is created by the space within 
the building, its a elope and the equipment, the process 
and the people concerned. The main constituents for the 
physical environment are as toUawo r•• 

) Dust free and hygienic atmosphere#  (ii) Noise control,. 
and reduction, (iii) Lighting (daylight and artificial) , 
(ii) Colour, (v) Safety, (vi) :make and fire,, (viU) Pollu-
tion, (viii) Ecological balanco eta, 

It is however not possible to include all the abov 
factor in this thesis and the scope is restricted, to 
include Noise Control, Duet Control, Lighting and Colour. 
Creation of a conducive .nviroraent, leading to efficiency, 
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Is actually a team work of may eXperts. The ala should 
be the aobiefasnt of a well.'ltt, dust free and ventilated, 
colourful, acoustically well designed factory, 

3,.2 N©I98 CONTROL 
Noise Is often defined as unwanted sound, The 

degree of 'unwantidneas' in however a physiological and 
psychological . question and 	range from moderate annoy.'  
once to various degrees of permanent hearing lose and, 
will furthernore be rated to differently by different 
observers. It Is generally recognised that the overall 
effiotenoy of huaen beings ia considerably higher when they 

ss exs$le  irritated or Keyed by the surroundings. Also a 
certain degree of quietness is a desirable quality in 
itself,Controi of noise is therefore .Important from 
all points of view, as it affects the very efficiency of 
man. 

Righ noise levels are prevalent in nduet al build-
ings, The amount of noise depends on the type of machines 
installed and industrial operations carried on and also the 
way the power is applied and transaitted. he hsrwful effects 
of excessive noise have been well recognised and It has been 
ahovu that such noise produces physiological . and psycholog-
ical efffote on industrial workers, for example, annoyance, 
talgue and lose of hearing. 'Noise-control is Very pertinent 
to POTTRT I$DUSTRX because the NOISE- LEBANON is party..' 
cu]ar3,y reduced with lack of oxygen and with action of 
fuses or DUS Interfering with ozygenuconeu*ption and 



person In from 20 ape to 20,000 ape (Herts ) 

800NDz It is a vibration, generated by physical notion, 
that imparts a to and fro7 movement in the air* If the err 
motion is within the audible frequency range, It will be 
perceived ae sound when it impinges upon the eardrun and 
its associated hearing parts* 

PREQ 	: The oscillation of the air causes alternate coin 
ression and rarefaotons of molecules and this rat• of 
oscillations to called the 'frequency' of vibrat ins, which 
for sound waves to measured In cycles per second (ape) or 
ilertz(Rz) 

W&VR NO : Sound travels through a certain distance during 
a cycl, or vibration and this distance is called 'wavelength' 

frequency z wavelength to velocity 
(t) x(;)inC 

The velocity of sound in AIR vx 1130 ft/eec, 
at A,T.P. 

in WATURM 5000 ft/eec, 

in U DR a>1Q,,O00 ft/eec,, 
The wavelength has a wide range from 0 113 it, to 70*63 ft. 

POWERi Rats, At wriioh. the Dowd energy to spent is called 
the acoustical power and measured in watts 

801413 INTSHIU Ti It is the average amount of aconatto power 
flowing through a unit area In a specified direction at a 
gi+van point in the sound field and io measured In watts/ 
square on or 4Qt, 
PITCH: It is that aspect of auditory sensation in terms of 



which sounds say be arranged on a scale extending from 
flow' to 'high' as a musical scale. 

TThBR8 $ onoroua quality of any instrument, or of a voice 

ANNOYANCE s The rid•epreaad dislike of certain Bo do, Thi 

sound causing annoyance will vary from one person to another. 
An individual say be truely annoyed by a stimulus whIch 10 

neutral to other people. 

AND W3DNES2 XVELi (Fig,,' and 2 ) 
and Tabla 6 

mess is the intensIve aharaotarXato of auditory 
roopon • It to measured in :803 and to defined as the loud ► 
neso of pure ton. of 1000 ape at 40 dB above the threshold 
of hearer of a normal auditor o Loudness level to maoaurd 
in PUONG and at 1000 epa, the press level In 0 and laud*» 

noes levels in phone oo :cidi * We judge Sound as to Ito 
loudness which appears to irarseee with inCrease in sound 

pressure. A pure tone at 1000 ope and 50 4d ! may be much louder 

than a 200 cps/50 43 and *von more at 10#000 cpe/5O 43 because 

our ears are ora eneItive to frequencies between 1000 to 

5000 gp*,lt requires an mare eo in sand level to sake 
higher or lower frequencies aces as snob laud as tons at 
1000 cps/50 ds# 

J4EASURE?IEST OF NOI a it is usually measured and expressed in 

some of sad pressure level (SPI.) • It P to the pressure  

of a sound wave, then its SPL in expressed in decibels as, 

SPL sx 20 1Og o r 
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OSSfCLE 	 .90-A' 
SEMI-CIRCULAR 
CANAL 

{ 	COCN LE A 

1 	 N~RYE 
Q 	F1ES 

W 
0UT5R EAfZ- 	INNER PAR. 

1p (h 

EARDRUM 

SECTION THROUGH HUMAN EAR 
SOURCE . .BROAC=H . J.T. PSyCHOACOUSTICS NOISSCRITERJA, 

,ACOUSTIC NOISE MEASUREMENT, PAGE 22, 22-42. 

LOUDNESS 
FEELING LEVEL 

120 
w 

IOo 

w 
a. 60 

Ow 4o 

0 20 

00 

20 	100 	,1000 	5000; 10,000 . 

FRE6QUENCY IN CYCLES/6E CND . 
OR H ER1 Z (H~~ 

EQUAL LOUDNESS CONTOURS 
GOURCE 	KINZE 	 FUNDAMENTALS OF ARCH. ACOUSTICS, 

ENVIRONMENTAL. TEC1.NOLOG(ES IN ARCH., PACE 323,318- 3 O. 

r
: H SARI NG HUMAN RESPONSE , 	L3: .J  
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vbs Pr (0.0002 dyne/sq. o*.) is the rrfsr noo pressure► 
and also the lo,sst Sound pressure that an average husnn 
ear can perceive. The decibel is a convenient unit to state 
the $PL and the noise reduction achieved by acoustical treat.. 
aent. The distribution of noise energy over the audio range 
i.ss its spat trsl distribution is of great Importance, in 
noiso-riduotion. Frequency grouping oonrn only used for 
octave bends say generally be 37.5-75,71450,, 130-300, 
300-6000 600-1200, 1200 2400, 240000, 4800-3600 cps (He), 
These bend levels are essential for estimating daaage risk,* 
2 oudnesrs level and speech interfersnoe, lovel« An equivalent 
sound prossure level vhen added to an existing sound press- 
tire level the reeultint SPL to increased by 3 dB, exnple, 
50 dB + 50 dB 53 dB of sound pressure level. 

Table No.62 
Relation betwen loudnsees in cones  
and loudness level Is phone. 

20 0.250 65 5.66 
as 0*354 70 8.00 
30 0.500 75 11.30 
35 0.707 sV 16.00 
40 1.000 85 22.60 
45 1,410 90 32*00 
50 2.000 95 45.30 
55 2.83 100 64.00 
60 4.00 105 90.50 

110 128.,00 
11.5 181000 
120 256.00 

2, ISO r commendation ~1Y1' tpreesion of the physical 
and subjective msgnitudeó of sound or noise, let edition 
1959, pp .7 
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3.2.2 8OURC S OF Z5DUSTRXAI K0I8' 

There can be classified into following groups 
I. IMPACT, Noise owed by the impact to the most in ner 
and widapread of all industrial noises. It to normally 
Coupled with resonant response of the etruotural1 Mabirs 
connected to the lapaoting surface. Zn potter industry 
snob noise is very rare. 

2. ?RIGTIONt Most of the noise due to frietion is produo 
In such processes as saw,  grinding and lending, Friction 
also occurs at the cutting edge on lathes and badly lub-
ricated bearinge. It Is very unpleasant In character, 

3. EEOIflOØATIOIt 1 here a machine vibrates or reciprocates,, 
the moving surface  will radiate noise directly. 

4, LU TURB1ThBNCNs Noise say be generated by rapid vans.. 
Lion in air pressure oaured by turbulence from high 

velocity air, etsam or gases. (for example exhaust noise) 
5, 0TIIR NO 8s In addition# there are other noises as All 
such as wining noire "from turbines, hang noise from 
traneformare, noise of driving belts as they pass over 
joint* at the drums of driving shaft,, noise of pressure 
pumps in notion etc. 

1.2.3 ih eotive and Ra tl Bffs+ e of Noise 
Excessive noise to harmful to the factor workers in 

following ways. 
i) Annoyance rsultiug in lack of concentration due to 
distraetion, (ii) In4uoeimnt of fatigie may lossd to ac+ei«» 
dents and to decreased output. This to especially so 



0 

4 

where the job d•aumde mental. concentration and vigilance.  
(iii) Interference with speech communication level (SIL) 
results making difficult the intelligible communication 
oven at a distance of I P1 from the source (Genara113r 
above 55 43) , In areas whore the 8IZ is above 70 dB# even 
the raised voice cosruioation becomes very d fficult and 
tray; taoms, (iv) Industrial døafne$a, at first only 
temporary (.aporary threshold shift ' 8) 'fit gradually 
becoming per nent (Foment Threshold Shift a) . It is 
found that iibere an octave band level of continuous notes 

• between frequenolee 1509600 c/o exceeds 85 dB the risk 
of demo to bearing exists. 	m o 
n gg-- S& . 4 rr 	rg  ir!w ~ irr i , (v) Noise of Operation If r ho.-k. 

matie Io lase distracting,  f ) Noise le is above 75 dB 
result in contraction of blood veins leading to heart 
trouble2, (vii) Psychosomatic disCasea originating 	 ► noisy 
action may include outbursts of ar .iaattem, g .aaeoologicr . 
complications and mild neurosis, (viii) Kigb noise levels 
tend to ezoit the nerve system and upset the normal 
temperament, create weakness of muscles and may load to 
laver diseases and Moore. 

Industry 	 SPL . in 48 
(mean Levels)  

Machine tools 	 85 
Leather Industry 	•u 88 
Heavy electricals 	 90 
flail coach 	 90 

art M gar 	 pr 
3, 08 HZ, Building Digest 33, Industrial aise, Part II 



94.I  
sugar 95 dB 
Printing and publish. 
ing 87 
StaU fabrication 9) 

. Textiles 95 
Automobile 92 
Heavy $ gg 95 
Priaary metals 97 
Air craft 93 
Pottery works 89 
PRO0ES8$8 

(Rotor the azpiriaent performed 
by the author) 

dual ber g  -om ll 90.'98 dB 
.big fl5iu120 

Drop forge 98iU5  
Riveting 9'r0 	.5i 
Cooker 1124422 
chipping 108.416 
Shearing 103 to 108 

La13. 	nc) and forming 95 to 	t;0 
Pneumatic jotter 105.410 
Shot blasting 100105 
Wood plaining 105.110 
Aircraft 

Engine neut.►PrQpu.],er 0-128 et 115-135 
Jaw oruebo r 90-95 
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Table So #7 
Comparative Recommendations of B$1, 131 and X80 

for sex. JPL and Expo 	(considered safe) 

( ) Bean 	in 

British Sta ard, ,P,3,1960 
Lou +n3 Noire Red tion 	CBs 	600 to 	8

5  
bra/days/ 

Indian Standard Institution 
I8i348 l965(Raf.PigJ*2—~) 85 	to 	a bra/day 

International rgaq ,.eatio,. 
for Stn n a 	st#on 	85 to 

	

600 ire 	5 hre/day 

Indian Pactortee Act of 1948 Na mention about the protect 
Lou from noise 

RVlTI(8 
i) for the stidler SPL and frequencies an Indian worker 
In exposed for 23 hours longer/week compared to I80 Stand** 
aide or On cumulative basis he In exposed for 1196 hours 
longer/year. 

i) or the afar PL and fret uenates an Indian worker 
is exposed for 8 hours longer/week compared to 333 Standards 
tit° On cumulative basis he is exposed for 416 hours longer/yr. 
lit) The SPL of 65 dB for frequenctes between 600 to ]200aps 
itself is very high for lore exposure d .recjuiree a 
serious reccnaideration. 
iv) Octave Band (600,4200) is chose because of Pottery works. 
3.a4 
METHODS OP NOISE REDUCTION 
The level of ambient noise in a factory area can be reduced 
by following methods, based on the 4 source, path end the 



receiver, 1) Location and layout, it) Noise reduction at 
source, and (iii) Acoustical Treatment. 

t) Location and Imyouti Iu pottery industry the following  
processes are responsible for the high levees of Hours* 
(a) Jaw crusher for oruahing of feispar and quarter  
(b) Grinding in ball mills and shaft driving, 

(e) Dry grinding n pan ails, edge runner mills, 
(d$ Filter pressing,, 
(e} Biunging and agitating  of clay Slip, 

(f) Pug milling of .clay#  
(g) Pressure fie, (b) Vibrates sieve. 

All *h• above processes can be located in the 'SLIP 
HQU 'which in turn Gay be enclosed and separated by vale 
from the pia shop* This will generally segregate the noisy 
processes from the quieter ones and the conic pollution of 
the entire factory could be prevented. 

(ii) Noise Reduction at Sties 

(a) selection of Maobiner t This to beyond control of an 
architect, however, choice would largely depond on asnuf 

t r'a advice and that of ceramic engineer. 
(b) Reducing netcee from potential a me s It to generally 
observed that the, machinery in the alip house to run on 
$ ©hit driving' with power tranevittcd to the individual 
macbinary by driving belts over drums and pulleys. This 
constitutes a great deal of additional noise when the belt 
Joints pass over the drums, Sf' U-a c € trolleys used for 
o t ng of raw materials and the metal containers for 
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S 10 2o 	40 	 80 	 160 
SOURCE 	 DISTANCE IN FEET FROM SOURCE 

REDUCTION OF SOUND PRESSURE LEVEL 
DUE TO DISTANCE ONLY 

RU13BE{Z SHEET 	 MAC•HNERV 
PREVENTING 	covER OVER  

JLL(NG 	 SHOP  
{ 	SPREAD OF 	SAND oR sAwdus>• -- . 	ISOLATOR PAD P OOK 1/I BfZf~T10K~J 	 FL 	, 

14 4 CHr N R   Y. 
ap 'OUNDATI 

BROADBAND NOISE LEVEL EXPOSURES FOR WH(CH 
PROTECTIVE MEASURES ARE RECOMMENDED, EY 
15 : 348 -19' 5 

i 

30 --' 	'-- t -- ----~ RECOMMENDED MAXIMUM 0V ALL NOISE" 
LEVEL AT TNG EAR FOR SI* LF EXPOSURE 

1 	i 
20 	 _. 	- — 

EAR PROTECTION CONSIDERED 
10 -- 	- - 	.}.— ESSENTIAL FOR 4'/. ExPQ9URF -- - -- 

I 	 TD 11015E LEVELS ABOVE Tu!S CURVE 

C=AR PROTECTION CONSIMRE•A 
)o - 	 4- 	--+--- KSENTfAL FOM 101 EXPOSURE - 

i0 NOK6 L VELS AWS THj CuKVE _ C 

EAR PROTECTION CONSIDERED 
a 	--+-- 	- -- EI:SENTIALFOR FULL TIME EXPOSVRE 

TU NOISE LEVELS 4~WVE TNIS C URVE D 

3p 	-- - {-. __-f -.- CAfZ PROTECTION RELOJMENDED - 
F-O9 FULL TIME EXPOSURE TO 	-t 
NOISE LEVELS ABOvE TWIECURVE 

roc 	"r7 9 	75 	150 	300 600 1200 2400 4900 
CURVES % ,$ 	 75 	15O 	300 	600 1200 2400 4000 9600 	 F I 	) 
TIME PARAMETER. 15 	 FREQUENCY SAND c/s O-4  
PERCENTAGE OF EACH 	 3 2 3 

• WORKING Q4Y 	 SOURCE: ; Tg ; 34839G5, COOS OF PRACTICE FOR 
3 	 NOTE 11i EDU 710N (N INDUSTRIAL BLDC49; pAG E 1O. 
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oaring a1a eUp should be eubotituted with rubber tad 
trolleae and pleatic Containers xeBpectivoly. Lubrication 

educe+, oonefder►bi , the frictional noise, 
(a) The a ohinary, spooally the vibrating type, (i.e. puapos 
oampr.seors, sieves) oboul8 be laid on 'isolators' which may 
be of rosUI*At materials like steel in the form of springs, 
rubber, cork and felt, However the eat, material related to 
vibrationscan be decided by a mechanical sneer* However, 
the 'machinery to 'lation' should be separated from the min 
floor as shown in fig, 3i2 - ;, b urr possible, This helps 
to preventing the transmission  of vibrations to the main floor 
and structure, 
(4) Aeoustics3, Treatment  z This can be achieved by 

1) Enclosures, or barriers,. 
ii) Aoouetioal treatment of walls and ceiltnge# 
i) Suspended sound absorbers#. 

Lv) Appropriate openings near the macbinary,. 
v) Bar defending equipment, 

Mr borne noise generated by the machine iay be reduced 
by placing the machine in en enclosure or behind a barrier, 
This however, may be relevant only for is agitators it placed 
in the making departments owing to its largeness, (rendering 

• the transmission of o].aynl .p from Slip house through slip 
lines prohibitive as the heavy clay particles tend to nettle, 
down before casting a if iwagi,tated) and can be effectively 
used to help towards the otherwise quiet envtro nt of 
'aakindepa` nt'. 

This practice baa limitations on use In the 'slip house' 
ri 



as enclosing of individual taoMnsry dimeindividual 
attendent/macbinez7 and bona* not very practical. 

Acoustical treatment of sldeiiaUe or ceiling can be 
seen in following perspective. 
(a.) Whether it i possible to combine the sound absorption 
and neat insulation properties of material, 
(U) If used on wails, what Is the degree of 'al ►ansabiUt ' 
of these materials in view of the large dust suspension 	 sup+► 
house atmosphere, 
(11) Whether the ceiling provided at 6. above the floor (as 
required by yaotorxee Act) can rear 1p absorption of 
soutd and oont*i.bute to the reduction of' PL. 
(iv) Sus ended sound absorbers can be used being hung near 
the source of std for its immediate absorption, 
(v) The loading platform over the bell &Me which is either 
of x'..o.c: or steel sheets, can have absorptive 	 'acs along 
Its entire soffit thus providing a good absorption in close 
proximity to the aourc. 

it Is observed that ' iph e' generally has hih level 
Widows, resulting g Into 

(1) Reverberation of sound from vafli in plane with 
the machinery i.e. the source 

(ti) Absence of 'view . zest centres' for woitere 
In the form of low level openings, simultaneously eons providing  
a cattpsrc .$ sound abeorption by 	 of boa through . OpeningS. 

It to therefore bested that ind rs for elihauee 
should be provided at the ease level as the machinery to help 
in alleviating the above mentioned facts, lot alone the deli 
able vied movement harnessed by such opening*: 

It say be mentioned that, except in winter when windows 



are kept closed, it win provide an affective Lose of 
noise in addition to lighting and ventilation. he effect 
of noise is to be seen as a cumulative effect of time mad 
exposure. Such opening® therefor* may contribute, a great 
deal towards the tke ousulativa effect, he outgoing noise 
can possibly be blocked by suitable badges. Use of gar pie 
(flexible rubber type or moist cotton) would be tha best 
ear protection for workers, however*  these plugs should not 
provide a cent Percent deafening but about 80 to 90 pervert 
so that any warming or dual noise from macbins could be 
effectively noticed by a worker before the machinery is damaged. 

iatt driving andbalte may be substituted with'directly  
coupled' individual motors greatly helper the .raduotion of 
noise, 

3.Z.5 	 ry* To sum tse the folly recommendations 
are Cdr, $ 
(1) 101 Y483.4965, recommendation for the oar protection and 
SPL and time of exposure should be given a serious reeonsi . 
duration and experimentation, The 0 dil level. in 60O' 1200 ape 
is Itself a high 1 vet, and Shod be brought down for 
rsooam ndatioils 
(it) Indian Factory Act, makes no mention at all about the 
oar protection against high noise levels in tnduetrloo, and 
should therefor. incorporate such a clause. 
(iii) Use of suspended type sound sbaorbee and ear plugs 
with 80 to go percent deafening property, 
(iv) ao 'tit beorption treatment of loading platform over 
hat sill. 
(v) Work shifts alter four hours work in clip house could be 
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changed in warehouse section and viociverea to reduce the 
time of exposure to high noise 2 evel* 
(vi) Provision of low level windows 
(vU) Use of Isolators, frequent lubrication of machinery  
Via, use of rubber tad trolleys and plastic containers, 

3,2.6 cp.r 	€s Measurement of $PL in3 slip houses at 
pottery development centre at hur3a on 14.2.1973 (Pig.3.2 ~ 

O PRACTICAL SETUPS Instruments needs 1) A tape recorder 
(oasoett ty") o (ii) A standard flat frequency noise , neza. 
tor, with a flat response, loud speaker, (iii,) Pickup having 
a reasonably flat response with respect to frequency and a 
good dir o ivity, and (tv) A some levol st•r.  

(a) LABORATORY SETUP AND TAPE COBLBR CALIBRATION.  

( urteey . Acoustic In - Carl) (x•3.2 ) , 
Stags i) A noise generator was started and its PL noted on 
sound level aster placed 0.90 from the ?aerator's loud speaker, 
Ste e 
(LIT The sound level motor was replaced with caeett type tape 
recorder with its pickup in same position as that of sound 
level motor# end the generator noise was taps, recorded. 

Stage .I I) The . tape recorded generator noise was replayed  
and Its SP2 recorded by sound level aster by keeping the 
.dentIcal distance of 0.90 11 btwsen thou« 

A number of reading* were taken and tabulated and 
the calibration ourr»s upto a great dame of linearity were 
drawn, varytn with different parameters .,g. the input noise 
level and output. att.uu etion of the ndto uaepUfier stage Of 
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the tape recorder.. 

Tab1i 8 
input ai 	tput Calibration 

62 4 4 4 	:1 4,5 
73 4 4 4 4,7 
84 4 4 4 7.5 
Se 4 4 4 8.5 

Onos the da ..ibratiran was don*,, the noise at locatione  
I to 8 were tape recorded in 3 slip houeeo at Pottery D1Op.r  
menu Centre at Khurja and the PL was read after (J 4.QOVT) 
repling the tnperecordsr back in the &oouetioe Laboratory 
at OBRI, Roo use. 

Recorded Noise vol*s Prequenoys 700 to 800 cpe(Ee) 
( 8.3.2 4) 

point 	 gut$ no, 	a*F i',R• frci Mad out 

• 	I :ITOUr 	I Ball 	1 88 dB 
No. 2* 3Balifls 2X 89 dB 3. -d+ 3 Ball 	a 2M 89 dB 

4. -do- 3 ball m l ls+ x 90 df 2 filter pewees 
d -do- » 1,SM 90 dB 

6 .iphouse No.2 2 jaw orusbsre 1 M 89 +B 
2 jaw a 	ehers 1, 5 $ 90 dB 
+2 panMiUa 

So Sliphouse 3 	5 Bail mills 2 34 89 43 
Results obtained* DPI► of 88 to 90 43 in frequency 700 to 800 ape 
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SPL was found higher than the recorm •nd#d level of 85 dB in 
6004200 ops (K►) by IS 548314965, 

IJIIMI?ATI iS OF RI RINVIT 
The experiment has soma limitations 

i) 8on.availabitity of sound level meter for Its direct 
use in sUp house. 
Li) Noise generation to no more concentrated as in saga of 
laboratory but a distributed one and the aeamzrmenta would 
show GENERAL NOISE }BLS in the eliphimee with reasonable 
asuuracy. 

However this experiment has established the SPL in slip
house of a Pottery works ( a work not donna so far) and given 
a fair idea, of the ear proteotion desired. 

Efforts must be made to reduci this SPL is light of the 
above erg. A system of periodical medical +hookup for 
the loge of bearing with due consideration for P SBY-CUSI8 
(natural. Lode of bearing due to age) shy be set up. 

3.3 DUST CONTROL 
Generals Dust is forced by reducing the matoriale of earth 
origin to small site. Processes like grinding, crushin • 
blasting and drilling product dust parti l..e of sizes from 
submicra,00pic to the visible#  their coapoattion being the 
same as that of the parent satez'ia],.When a solid or liquid 
to broken up into finely divided particles and Is diapsresd 
in the air#  two important changes take place* 

i) the Surface area is greatly irreaeed, end 
and .i ) the space occupied by the dispersed material is 



expanded many time over the walae of original tams, 
The a fect of these changes is to intensify the ohemiaal 

and ph7sLøal activity of the material, which is Intimately 
associated with the physiological   effect. 2ma11 particle@ 
generally are of physiological importance than large ones. 
There an at number of processes and industries which give rise, 
to dust in some form or the other and these are as listed 
belava 	Meta. sining, 

coal. mining 
(underground)  
smelting$  nom. 
ferrous .plants 
cement plants,  

NonmotalltO mining 
0041 mini (open pit) 

smelting, ma ferrous pests 

bestos produoti, 
abrasive industry Clay produote,. 
cutler# 	Glass manufagts, 
Gruutte, slate, marble and other steno products, 
Iron and steed, foundries, 
mineral fertiUsers Minerals and earths 
refreactory  
.rd ,triers 

. Wood ( w dust) 
Effects of Xust Inhalation 

Textile (flue") 

A dust fro* and hygienic environment within the factory 
in most desirable. Prolonged exposure to dust loads to disisees 
like sih.+si,, pzeum000nioais, fibrosis,brcncl tis, tuber.» 
culoeie, These occur as a result of long continued inhalation 
of dust and it depends upon the interaction between the sea and 
the dust-+loud to which he is exposedJor Pottery Industry 
dust control is absolutely ueoea$u 	c a re it involves 
achievement of sus oval' 'a period of time and the worker 
is to handle earth, oar and dust. Refit is genemally speaking,, 
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once a worker takes up as a potter, he remains in the 
earns trade for bin lift apazi from the family tradition 
in Indian context* Constant contact with clay may also 
load to akinsidiseasee. 

The diseases occur on a rern4t of deposition and 
aeouulstion of fine duet in the lung.. Coarse dust is 
hold away from the lung4nterior by an impingement mechanism 
which deposits the particles on the ciliated epttbs ium of 
the upper respiratory traot l  fro vb*ri the dust gets carried 
away out from the lung. A fraction of fine dust reaching the 
lung-interior is again exhaled, the reminder is deposited. 
The mechanism of deposition is mainly the gravity settlement 
for the size range from 0.5 to about 5 microns. Approxima . 
tely between 20 to 50 percent of the inhaled dust is not 
Found in the exhaled air and sat therefore have been 
deposited in the lung (Pig.3, .4) .. _ oonc.r&ar f• 
Lannqtand abJa con 4r4 harnrdoe.  

A factory 	 enclosed *pace creates more problems 
of dust as compared to the open environment in which the 
vil2agepottir does his work, E* r*r, in industrial 
context, the controlled environment In an. envelope to of 
greater importance than the uncontrolled open environment, 

The silicon dioxide as quarts (tree silica) produces 
the most aerLous form of lung-fibrosis and the damage 
done Is permanent; an unalterable tissue chsnge takes place 
in the lutes„ Of prime importance is the fact that prolonged 
exposur. to those dusts results in inore aced susceptibility 
of tuberculosis, more so from quartz than from asbestos„ 
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3, 3.2 Objectives of Dust Control 

These objectives are to establish the followings 
1) 8o rces of Est a) - Mate ele, b) Professes. 

it) (a) Dust concentrations in various processes and 
permissible ate„ ('b) Time of exposure to dust. 

Precautiozeend safety esaeuz'es 
(a) Local ezhtuot In specially ventilated hoods,, 
(b) General downward ventilation, 
(a) Industrial dust Cleaners 
(4) Dust aaeka and protective clothing, 
(e) Fuolaeing of. processes. 
(f) Use of detergents, 

(g) Medics. check-gip, 

O (a) 1 ter ► s: Free silica contents of various raw 
materials are as given in the table Na.10 I Table No.11 
givsø the free sIlioa contents of different bodies in the 
aenufacture of pottery* 

Pree Silica contents of Raw teria1e used in 
potterer works 

Rig Material 	 Percents e 

Utz 	 97 
Rlldspsr 	 8 

Mina o1e 	 Traces i.e. below 0.51. 
Gypsum 	 below 0.11,. 
Ball 0157* 	 35 
Tale 	 6 
Fire clay 	 30 

10 Offi©e of the Chief Advisor of Factories (OC ) 
Znustg  
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Table 8+x.312  

Pro* silica content$ of different bodies In 
the s nufaoture of pottery 

Crockery 33 
Tiles 28 
Pipes 36 
sanitary were 17 

l►atria Insulators 34 
Refraotorieo 26 
mare 29 
Grog 2 6  

Prit 20 
Porcelain glass 24 
Earthenware glaze 

b s 10 sn 1.1 Indicate percentage of free silica of 
the various raw aateris3a used and also that of bodies and 
glasee. 
(1) (b) Various 	aaoo 

The main sections of the d t r produos a very 
large variety of srtIo1c and a wide range of protuate, 

tokied by an equally  rge variety of risks from duet. 
Generally 50 percent of the workers' population is ied 
in operations giving rise to dust with the exc.ption of 
€2Saimg and, fi 	r  oOrting and warrbousin,g sections. This 
largo nuabd of workers is exposed to abmposits duet,, of 
Bch china and ball c lays t  flint 9  feisparr and quarts 
and silica are the main . ingredients. The processes giving  
rise to dusts are listed as fo1l z- 

1) Loading of ball mills 	 Dry 
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Li) calciningof fahpar and narts 
L .) Cram of felapar *nd qu s , 
iv) Handling of filter prove oaken 
v) flandling of ola r lumps from pug oil. 

vi) Slip casting 
vii) Pressing and jiggering  

viii) tattling 0 finial. finiald.ng and turning  
ix) cleaning and scraping of floor 
z) spray glasing, eeggerLng and nagger 

loading 

.1i) flesidus and ash from the coal firing 
in the Intermittent type of kii 

Dry 

D 
Wet/e  dry 
veto 

vet 
wet , 

dry. 
dry/vet 

dry and in 
suspension 

G~ 

This indicates that, a z*a3ority of processes and 
the material being handled itself err the sources of dust, 
It may 	enttor d here that 56 percent of the cease of 
pneum000niosLs originated fron Pottery industry in Great 
.Brig► during (1951.1960) 

(UU a) Dust Concentrations  
The average dust concentration at any location was 

ace. aesrily taken in the breathing zone of any individual spend.* 
Ing his daily eight hour work period in the locations It has 
been expreo,e4 in million pars per cubic ' . of air (npp oft.).  
We Study too boon done by the offiee of the Chief Adviser of 
Panto .es for getting factual data in Indian conditions oov 
ing about 12 factories in this country. This tsbA1eted info -' 
ation gives a comprehensive Qtudy about duet concentration in 
various operations of pottery works. It may be noted that the 
aazisua psrm esib1e limit Is 5 app. oft* 

$ ne 	tjt n .Xndu t , pp. 1 to 16, 1961. 



Table 12' 
Diet oonoentra Lion in app oft. 

Department 
crashing section 
Bringing raw *nsterin3.s 
Jaw crushing quartz, faispar  
Hand breaking quarts 0  t.lspar 
Edge runner 

Breaking clay 
Washingof 
General atmosphere 
*up house 
charging Munger 
at the blunger, 
charging bail nih . 
at 'the bl ger/bat. mil, 
a$ Vibrating sieve 
Filter prose 

g mill 

wing or N nufacturing Dep$t,. 
Making on J ouey jigger 
Fettling and ftniahing  
Hand finishing  
slip casting 
Fixing spouts/ an+dlsa 
Sponging 

Siring Beotion 
Loading of eaggara  
Loading of kilns 
Unloading of kiln 

t 

E- 
	

17 
w 
	

146 
129 

ii- Quartz 
	

327 
187« teispar 

429 
	

405 
65 
	

60 
70 
	

64 

25 
210 

25 
45 
2 
20 

260 
14 
59 
14 
20 
8 
9 

6 
is 
70 

4 
4 

a 
22 
51 
4 
8 

20 

7. 	12 
5 
	10 

4 
	

4 

OCAP- op, cit,, pp42  180  Ceno 	tiono in only 2 factories 
have been .nwnarated, 
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Table 12 continued 
• A 	D 

GriMing g'psui 	 27 	2 
Calciatng &"a 
(50 epp.otto to p.aiesibio 	48 	63 
iitt for gnsmm) 

Sieving plutsr of parts 	50 	60 
Mid wing 	 6 	10 

Glues 
Syr" glazes 	 261 	125 
glazing and dusting 	 12 	33 

gar Section 
Fireolay dieintagrator 1615 1305 
Grog disintegrator 80 1( 7 
Hand eieing 154 225 
sggar press 35 26  

Hand making of eaggar 5 4 
Mixing of mat. 	 la 40 53  

(i b) hi, at exposure to dust 

It can be seen that the periseibie unit of dust 

concentration lu excoeded by alaost iii. pr esee •t  iurthsr 
tb* dust In this industry is a remel, hazardous  oving to 
the 1.ih silica contents of the niters bandi o We stud r 
by office of the Chief Adviser Pactorias olearly bra out 
the high incidence of silicosis, 15.1 percent workers had  
xlIrsy evidence of et icosie. Of thee* about 60 por ent had 
t lberculosis as wells 



Service in gears Percent cases of 
ail;lo0016 ' 

upto 5 year 
6-ia 
11-15 
164020 

21-25 
31-35 
36.40 

300. 

9,2 
16,5 
2604 
51.3 
50.0 
85,1 

Table No.235 
SilLoosia in relation to exposure dust 

Len a osure 1eale 	 roan oaea a 
tt1ios .e► 

4 
6-20 10J 

214050 18*0 
51-100 44.1 

l0.•~20O 47.0 
2Ol- 00 62,5  
303,'i400 90.0 

$ilicoeia in relation to duration of exposure 

(tom) Prscautioni and s.fetyr ads 

Osmaral exhaust ventilation can be particularly useful for 
dusty ooma or areas such as the of phou*o, calcining sections 
but this ohould bri 'kneed on a downward system# with fresh 
airtlov from the top and the exhaust systems from lover levels. 
The obvious advantage in this system to in removal of the dust 
away from the breathing zones of the operatives. 

But in areas such an the dorndra ht intermtttent ktlns  
where the residue of the buret coal is being resoved or where 

«k$ ik&Idoidtea, op.c # Tp 
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the Saw *rusher operates, tree of dust *seke b ° the operative 
is most de$irabli.. 

(a) Local eft In speots33y nti end hoods  
Probiase of greater dust beard are mainly with the 

finishing , Settling, dusts , turning#  eprey glazing vh ob 
take place in close proximity of the workers' breathing zone 
*nd the five particles produ 	drift upwards due to the 
convection currents. Eves when a small amount of fine duet 

in produced , high concentration . of respirable size dust ere 
breathed by operatives,* Efficient dust control can usually 
be maintained main by the *ppLteation of following prina plee t 

(1) Max, degree of enclosure * to minimize the et ,e of 
the aperture through which the duet can escape and thus keep 
the exhaust volume to a minimum* 
(ii) provision of a physical barrier between the operatives' 
face and the dust source- in the form of a moving barrier of 
air vhiob positively prevents the duct moving towards the 
operative's face, 

(iii) Correct positioning of the exhaust outlet In relation 
to the operative's body, These principles can give oo.nsider-
able advantage when duet is produced by head operation in 
enclosure or hood. With hoods having a frontal opening, there 
are four 	n positions for the exbuat outlet. 

I) Down, though the grided base, U) at the rear, 
lU) On sides. left - or tight. (Fig.3. ) 

With eXhaust downwards, the dust is carried arm from 
the 'breathing cone but the 'wheel'  block: part of the area. 

With rear exhaust,  the operative' a body foams an obstruc- 
tion to the inflow of air and a etagnant axes is not up In front 



of his boy, Dust produced in this region is not rotadiate ' 
reToved. 

With side exhaust the operative 'a body, inetsad of 
for sing an obstruction to the air moving Into the hood# 
bsoczee, in effect, one of the side w ;ld of a ventilated  
del. Owing to this tunnel effect., there is little reducti 
in velocity In they hood irrespective of its distance from 
exhaust outlet greater or lesser and as such high velocities 
can be achieved in the region of dust source with moderate 
eft win o, therefore  a principle Of 'turn l.flcv' 
should be used wherever possible. 

A typical hood (for fsttlLng, finishing operations) based 
On the above pr~ynoiplee say have * aided enclosure with side 
exhaust alacot as large as the 'hood end', This helps to 
Obtain even airflow and aaoide turbulence. Operative 'a body 
fares the front side of ventilated del. Air movement carries 
sway the due$ from the source end sway from breathing zone 
However, thee, steer how oannot help the -$ttling end 
finishing  of large articles such as the sanitary ware, wed, 
ing upto about 50 lbs. For larger hoods the operative scarcely  
can form the front side of to .el, Hence, for larger hoods 
a combined blow and shoat system with a downward glow 
be adopted, Air is blown vertically downwards from a large, 

.a' orifice at the top of the hood and the exhaust is applied 
to the ceded base vis 6 hopper bottom which forms a receptabla 
for the olsy scraps and large particles. A shelf for the fett-
ling tools end a small sink case to be very hey. (Pig.3.3u.2) 
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The general '{Ventilation of the shop# tske5 oar, of 

this minor and scattered sources not warranting a se ,rate 
control. Since every worker Is a *durt produoer#,. the 
amount of clean air required depends upon the number 
of workers rather than the shop volume; i.e. ,OU* */M=t* 
/operati a rather than air changes/hour,. 	graph shows 
the relation of .air velocity/ operative 	 a particles/ 
cm `..It can be inferred that ventilation should be based 
on an air quantity of 750 oft.Im u e/op rrative and 
the downward system (refer graph and Ptg.3 w2) 

o) Industrial at C1ea*rs  
Problem of the s►p' " •d c: 	slip# dust aarnp can be 

soled by frequent cleaning no that the htu'n and the 
wheeled traffic does not raise the undesirabli dust in 
the atmOsphere. Alternatively the industrial vacuum cleaner* 
can be used, These are portable on wheels and can auok 
particles, scrapes upto 1' size, Dinnsjone of ouCh a, unit 
are length 1190 mm. width 525 mm height 1075 mm and weight.' 
2 Q kg. Suction is about 6000 kg/sgs. good house keeping 
is 'hue end and reduces the poscibiltti.o of accidents 
dun to slipper floors. (Pig... 2), 

t) Protective Olothing  
Problem of 'secondary' dust is more alarming i.e. a 

dust collected by operative 'a clothing and subsequently given 
oft into his breathing song, this constitutes a serious duet 
baz$rd in ceramic industry. The analysis done In Great Britain  
i inera i. cue; Ln J us tZ7y' ,I1u, Londgn N 
Palr,ex . J . M . 3ues1 Centro! ire Polte7~ Indus&i , pp.i►2- IZG 
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has ehoved that nearly 50 percent of the duet In the 
breathing zone Is given aft by operatives' clothing which 
Is of cotton. Thur find ingo are that the operative with 
cotton clothing is found to be breathing 145 p ielee/au,, 
an., thee. are reduced to 65 particles/cs3  with terylene. 
if, therefore, we switch over from cotton to terylens, 
we get a considerable rduction in the amount of dust. 
Such overalls should be free of duet-retaining devicee 
such an packets and should have buttons at the back. 

In 	
r -' 	this change to to leee clothing 

news to be ersmined in following perspective. 
I) During der torylene clothing is uncomfortable, 

.) During winter to late clothing in rather cold. 
►ii}For industrialist t•rylene clothing is too costly to 

provide for wooers 
iv) Per industrialists terylene clothing is  durable. 

Dust mar 
Use of duet masks or stllaat a masealine cloth tied 

around nose end mouth are particularly useful for operations  
like lading and unloading of eaggers in downdrought ght Inter. 
znittsnt kline, jaw crashing of feieper and quarts and ahem► 

of ball sI s. 

InolosIng of processes 
Dry' grinding of materials is done In jaw craebere, 

pan mills and edgs.runner nill.. It to advisable to enclose 
these proaaeaea by grouping them together as they fell. in 
an appropriate sequence.. This precaution would prat the 
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excessive duet, arising out of dry«.riadiag, from spreading 

in the rest of the shop# 

f) use of deter eats 
ry worker at the end of his work shift should be 

compelled to take bath with a detergent soap, This would 
safeguard bin or her against the possible akin diseases 
like 'dernatitis', 'hardening', 'skin oraoking' duo to 
contact with the clay and the earth. 

9) meal Check-up 
It 1e urged upon the thdustrialtøte that as a stop 

welfare and hygiene of the pottery workers, a regular .medics, 
ahec -up syctea should be set up in order to invetigate 
and check 3ust in time the growth of these diseases so 
that the operatives can 	 taken owe of under thø *Employee 
insurance scheme' before It to too late. 

3*303 
In eurnariai.ng the,  various recormendatioxw are listed 

below and onoe again it is stressed that the 'dust coat l # 
La absolutely necessary in pottery industries in view of 
the resulting serious hasazd. 
1) Genera, ventilation of the shops based on downward system, 
with the flow of fresh air so directed that the workers  

in their appropriate working places axe bathed under a 

clean air at a controlled tempo 
2) local exhaust system should be adopted for operations 
like fettling, finishing, turning and spray glazing. 
3) Use of duet cask for those Operatives engaged in loading* 



unloading of inte tt•nt ktlne, oelo5ning and crushing of 
tslepa r and quarto and charging of ball e' s e 

4) A system of regular 'medical ah ek ' be set up for 
early detection and curative stops for the diseases Me 
sillooeie, fibrosis and pner oao o+ie.. 

5) use of 'industrial mum cleeeu ►' for a quick and 
efficient rmoval of is spilled clay and scrap on the floor. 

6) separation or enclosure of processes Involving dry grind. 
ing of saterisle, 

ThESCBRDUZZ (Factorise ACT 3.948) 
List of notifiable diseasess 
1. Lead poisoning, 
2, Lead tetraøeth4 poisoning, 

0 Phosphorous poisoning, 
4. Perms poisoning, , 
5. Manganese poisoning, 
d,. Arsenio poisoning, 
1. Poisoning soni by nitrow ire, 
8. enzena potooning, 
9. Carbon bisuiphide poisoning, 
3.  0, Chrome ulceration, 
11, Antbriiz 
120 SL3teosia, 
13. Poisoning by halogens, 
14. Pathologies, manifestations,, 

due to a radius, 
a.rayra, 

3.15, Pre i inmri cancer 
of akin (epttbeltomat..  
eons) 

3... Toxic anasmia, 
3.7, TOXIC jaundice due to 

poisonous Substances.. 
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3.4 LIO$2ING 

porgy the, p rposa of iUuination, light is defined as 
'visually evaluated radiant energy'. Of all the great baud 
of radiant energy,, only a ate portion, roughs' between 
4000 to 7600 ngstzos (400 to 760 lli rone) is capable 
of producing the sensation of light in hump eye and this to 
Doled the visible spectrum. This portion of rant energy 
to known as luminoua flux. Znrrgy outside of this bond. is 
not capable of producing the sensation of light, Light Is 
one of the raw materials of vision under the control of 
+ p rotaLtet Appropriate quantity of light indoors Is very 
much 1eeir4ib1. for good vision. 

3,4* . Objectives of Lighting  
A good lighting of vorkapaoee can be achieved by 

1) day lighting, 
11) artificial lighting, or 
li) oo*bination of (I) and (ii) 

Thera are five main Via$ in industrial ,ig)t1 . 1) to provide 
sufficient light of the right quality and colour to enable 
the various visual tasks to be carried out of 'ioientLy and 
•ftectivelyl it) to groats a general visual atmosphere +meted 
to the building -in industry this will usually mean a shoe. 

I and stimulating utsosphereo Iii) to eliminate,, as far 
as possible,, *ourcin Of excessive visual distraction which way 
divert attention agar from task, and to avoid glare (d rant 
aM reflected) which toad to Interferewith the works Or) to 
provide sufficient quantity of light, in lux or daylight 
factor (DI') as rscos ended,, (v) to provide suitable vistas 
that are visually restful, a0 that the eye may relax during 



x eNo44 oontd,. 	►1x'9-' 
6,, Warahoue.e and bulk .cores, 

a) Large material and loading 'bay* 	100 	3.25 
b) Packing, storage and warehousing 	150 	1.88 

Note: 1 .foot oond a I luen/aq,ft. 0 10078 1=0  
1 percent 1).F. a illumination in luzf80 or(l00 lux 

a value of 1.25 percent D.P.) 
Pay special attentiOn tO the colour que3itt of light 
in +++orating section. 
D,P. in a room in a ratio of level of illumination at 
that point to the total amount of illumination available 
*=Je aeouoly out of do ors from the complete and 
unobstructed. sky) 
Before proceeding further, it is extremely .important 

to analyse the worms of factory #  its and the proese, 
On surveying  about 8 factoriso it is observed that excepting 
eliphouse, firing eeot o , inflow  of raw materials and despatch 
of finished products, rest of the departments operate only 
during the day shift of 8.00 a,m, to 5.00 p.m. 

For artificial lighting, it should be borne' in mind 
that the 'dusty' atmosphere, ► o to reduce lueinoue flux from 
the oouro* and that the glased area for day lighting should 
have proper acceis for frequent clearing of the accumulated 
dust, 

What we o e#  we appreciate and what we appreciate,. vs 
execute well* It has been accepted now that improved lighting  
conditions improve productivity and reduce 'reject.' in 
industrial process, The human eye in a marvellous optical 
devioo which can adapt itself to a wide vartøty of lighting 
levels but when lighting lovely go down there is a drop in the 
visual perception. The stresses and strains induced by working 
constantly under lover levels tend to result in deterioration 
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of eyesight and the oons•Quont seohenloal errors and IftS00te' 
in final products. 

Daylight AYtilabi . r~ 

The availability of day light out Of doors in the plains 
of India IS quit&:,high throughout the year. (refer P J.4*l and 

3.k4-2) r 

 
This consists of sky Xl .uaination and &treot su 

Uum aa►a oa , * ftxiir is nearly constant throughout the 
major portion of the day while the direct sunlight can be 
as ouch as four tine$ the light from the sky • This wide vaz 
iation and the ohanses that iuoidencee of direct sunlight 
over moving urchins pis in shop sreu can cause undesirable 
visual fatigue and become a sue* of der, necesati ate 
its exclusion in the ping for apartunoe for doylighting  

and the commonly y used types ar. shown in U60*44) 
The quantity of daylight rem.ng the working plene in 

tactori o oonsite of skylight and reflected light from the 
roof opposite the fenastrutXons end other reflecting surfacee. 
)actOrZee bed vast cored spaces, the windows on enclosing  
wall* are not adequate to obtain the desired daylight In the 
major central portion of the factory Bence some formof 
roof-lighting i .d 1ways be rsoo ed to# which not only 

promotes  go+c lighting but helps ventilation also, 

3,4,4 General Prinaipae of 	 lighting  
a) where the work is carried out during dusk-hours, the 
dayl.ighting should be combined with electric lighting in such 

a mgrs, that the 'DZ)W UTION# Of daylight 10 in A way  
noticeable specially for those engaged in precision work 

involving eyestrain. 
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2 ' 

8 	9 	10 	II 	1 2 	13 	14 	15 	16 

TIME l•S•T 
HOURLY VARIATION OF EXTERNAL DAYLIGHT ON HORIZANTAL 
SURFACE IN INDIA (MEAN FOR DEC.22) 
NOTE THAT THE SKX i LLUMI NATION -DIFFUSE R6MAI NS CONSTANT FOR 
MOST PART OF DAYTIME HOURS 

TABLE .15 : TRANSMISSIOW GOEFFICIENTS FOR YISISLE LIGHT 
RJR SOME GLAZING MAT IALS 

	

M A T E . I A L 	TRANSMISSION COEFFICIENT. 

1 TRANSPARENT WINDOW GLASS 	0.60 - 0.85 

2 PATTERNED GLA5 	 O. 70 - O'B5 

S WIRED GLASS 	 0.60 - 0.90 

4 SAND BLASTED » 	 O•G5 - '0•80  

5 CLEAR ACRYLIC PLASTIC 	O.9 	O .85  

G CLEA RIGID P.V.C. 	 0.70 - 0-80 

7 WIRED 	» 	» 	 O'70 - 075 

8 CORRUGATED GLAD'S FIBRE 	O • 	- O '8O 
REINFORCED SHEET. 	 -__ 	 ` G  

SOURCE : NARSINIHAN V . Opt )  IG.2 £TABLE -M 	 3'4-2 



involving eyestrain# 
(b) Obstructions such as structural *ember, oVsrhesd st .U-. 
ationa, machines should be considered in reltion to glazing, 
(a) Working plane in pottery works is as lows as 60  (15 oz) 
above the floor for prooesess don* by squatting to sit high 
as 6'.8' (1.8 to 2..4 i) for the ovsfte siipliuss etc. 
(4) There should be good distribution of light over the whole 
interior, *light coloured' sur aces should p do i ►te on 
the surface Of the interior. 
(a) glazing should be regularly cleaned sr4 hence an 'access' 
is essential. 
O Main walls of the factory should be kept free for provi4-
lug the openings ascasual rest centres, (generally the walls 
erafound to be wed with 	sore * cabifle, stores etc),► 
Such opening@, in addition, provide the desirable wind move- 
meats 
NORTH LIGhT OPEN GS 

These are superior to other types of daylighting *in** 
they keep off direct midday sun in latitudes north of 230  0  
(refer fig, ,4 l). The incursion of sunlight through N.L. is 
i hewn therein. discriminate use of north lighting in places 
located south of this latitude should 'fir avoided.. In south 
India L.L. to acceptable only with diffusing guises so as 
to out-oft the direct sunlight entry. 

Roofs in the class of RL would include cylindrical shell 
folded pate and the steel NL trusses. The uniformity of 
illumination on the working plane in IlL depends on the 
width of the bay (distancebetween NL openings) , the slope 
of the roof and the refliotence of the *ailing.. 
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Monitor roots 

the longer axis of the fenestration should be east went 
Use of athiaturs louvres in conjunction with dazed apertures 
(tilt ..45°) can send a diffused light flux to the working alone. 

Root "to 
in areas where the direct incursion of day light - is 

persinsible,, one may employ root lighting neing tranelusoent 
materials. The transmiesiOn properties very and with a. plastic 
materials there is a ooneidexabi• lose of light due to 
weathering, (refer table 13 fig.3.4.2) , Distribution at trans 
luecent material on the root should to used in conjunction 
with artificial lighting to obtain uniformity of lighting on 
working plane. 

ads, Window 
The walls of a factory should be kept free for the 

provision of windows. The work plane being very low in a pottery 
industry , ciii should be 30 an above t• floors The light  
penetration due to windows is generally upto 8 meters, The 
wells around the windows should be of light colt to avoid 
the contrut glare. Sine of windows for required level of 
illumination can be found out as per POD D0 MTB0D develop 
by 0 RI Roorkes s 

neetration 
Methods of providing fenestrations and the daylight are 

shown in figure 3.43. The values of D? include -sky and 
reflected components and the value of 0905 for glees trans. 
mission* These diagrsaa come bandy for architect while deciding  
the root type and height of glising in relation to the floor 
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CONTINUOUS HORIZANTPtL ROOF - /DF 
-L(6-{TS WITH DIFUS1P GLAZING 	GLASSAREI 
17 /. of FLOOR AREA . 	 11.5/ OF FLOOR ,Eh. 

NORTH LIGHT ROOFING. 
INCLINED GLAZING 	 V1=RTIC, L GLAZENG 
GLAZING 2o/. OF FLOOR AREA . 

f0 

MONITOR k-OOF- 
1NCLINED GLAZING 

	 VERTICAL GLAZ.I NC5 
1c6/. OF FLOOR AR A . 	 G'LA21 N 30/ OF FLOOR AREA . 

NOTE: 
/D'F — PEIRC~NT DAYLIGHT 

FACTOR, 
3o 
'01.  
5 

SHED TYPE ROOF WITH GLAZING 
STRIPS CONT I NUOUG . 1 O/ OF FLOOR AREA 

FEN ESTRA,TICN 
N 1206FS o 

SOURCE ; 15 ; 6O60 -1971 
C.P. DAYLIGHT(NG, OF 
FACTORY BL DGS .PP 1e) -22 

FUTURE MAY ENVISAGE A 1RANSPAREWr ROOF 
To OVERIME ANY DAyLIGHTtNG PDBLCM. 
CLEANING OE ROOFS MAY ALGO BE DONE Bf 
ROLLING GEARS OPF-RATED F 	WITHIN FACTOR, 	i F i 1  



area for the desired daylight illumination* 

3,4,5 Area IUxs$rsatjon Viso  Task iliuminstion 
Task illn tnation ici the a.nisus quantity of light 

which is needed for the sa efaotory psr f orsanoo of a task. 
the science of lighting requires that the task, its imodiate 
background and the overall surround should have levels of 
brightness of the order of 10*3si. The daylight provider the 
task Illation as well as the area illumination. 

0.4.6 Colour Quality of Light 
ri studying the various processes in POTTERY industry, 

it is found that the following arias are governed by this 
colour quaIty, 1) Colouring, U) Decorating, iii) Coloured 
glazing. .Hors the colour and the colouring pigments should 
be seen in natural day light so that they ere perceived in 
their original, colours, If the dey light is not adequate, 
than the same can be supplemented by the *day light' filament 
lamps or fluorescent leaps for the colour matching. However, 
the filament lnzp tends to cast harsh shadow* and hence the 
use of 'day light' fluorescent taupe is recommended. This 
prevents the distortion of colours perceived due to the 
usual filament lamps or fluorescent lamps. 

3.4.7 Artificial 119Min 
Although the role of this lighting is reatriotad only 

to certain departments of pottery industry, which operate 
through both the genera, and night shifts, artificial lighting 
contributes a great deal towards, 
., aupplenenting the daylight,  

ii.) use during the overcast sky (acnaoon period) 



.ii) use during night shifts 6 

It should also promote an atlo®pher. of cheerfulness 

3.4,8 General Principles 
(1) Avoidance of harsh ehsdows ad glare. 

(ii) Reducing the brightness of sources by louvres, shades,, 
*to and also +fie the apparant area of source as seen 
by eye by proper orientation of light fitter. 

(ta) Reducing contrast between light source and the back-
ground by use Of light coloured c Urfa ee or ceilings in 
combination with fittings which allow a reasonable amount 
of flux in upper basiepher. to raise ceiling brightness,. 

(iv) Combination of filament and gas discharge lamps as e► 
safeguard against voltage fluctuations 

(v) Colour qusUty of light* 
The aebiesent of various ob jeotivas of good lighting 

needs following considerations t 
0 Levels of Illut ration,, 

Li) Types of lamps and their luzinoue efficiency and colour 
qty* 
iii) Lit distribution ch acte ation of ditterout leaps 
and lualnairee.  
i) Arrangement of light fixture, 
v} Initial installation and subsequent t tsna oe poste 

vi) Steadiness of performance through voltage fluctuations, 
and resistance to vibrations, 

flickering effect. 
The illuninnt .on levels in lux relevant to Pottery vorti 

as per I3s6O6Ol97I Code of Praotioe for Day Lighting the 
factories have already boon listed* 



 

-125 

ref 

hs 	0 

ifs 	 • 

Of 

44  

0 

1 

0 s 4► ,piI 	000 Ok 

k 
p4 

'I, 	0 

i1
46  

Ii j• 0 

14  

I 



4126- 
tin aornitan r it to observed ,, 
i) Sodium vapour lamp with its characteristics orange 
yellow light in the region of 589 A°u of the colour speotrus 
in out of question for being used in Pottery works as it 
tends to distort the colour perception of the objects so lit. 

ii) Cold cathode is mainly used for advertising and neon 
rigs and hence not r uoh applicable excepts the ease o " 
industry. 	 r;̀ t  

iii) Mercury vapour leaps are suitable for general lighting 
excepting the colouring, glazing and decoration sections 
iv) The 'daylight' fluorescent tube lights of 40 Matta are 
suitable for all purpose applications in view of its lusinous 

efficiency, as coapid to low wattage,, and the glare tree 
flux and leads to efficient production* 

The sorry state of affairs about the voltage ' .Mot-

uatt;on 'i'row as low as 3..75 to as high as 255 leads to the 
following conaidera-tion . *The lighting design should always 
be based on oonbinstion of gas discharge lamps end the Vila.-. 
meat lamps, 

a) when the volt+ a drop occurs#, the gas lamps refuse 

to start as they require a )gh initial voltage for their 
start,, pilaieut lamps in euob a case glow instantaneously, 
although dim and prevent the facto.ry from being daft in ear 
the low voltage continues for a longer time.. 

b) When the current suddenly out& off,, and ©omss back 
otter a while, the filament lamps immediately switch on 
and keep the factor r lighted during the intervening period 
until the gas discharge lamps start gloving. 
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0) PUament laspa emit light in all the wavelengths 
of a visible spectrum (continuous spectrum) while the gas 
discharge types do not emit light in all the wavelengths  
of visible spectrum (discontinuous spectrum), The d.fficiency 
of 'red' In light from gee discharge leaps in compensated 
by combining filament leaps with them and this leads to 
lesser distortion of colour perception. 

4) Filament lamps if exclusively employed have following 
dLeadvantagao and advantage. s 
3►,0 lesser luminous efficiency compared to wattage and 
as such tend to increase electrical consumption, 
U) Give ripe. to glare and harsh shadows. 
iii) 

 
Yellow light for vast areas to not pleasant and cheerful. 

iv) colour distortion# v) They have adoptability in øtandard  
sockets, vi) they are cheaper than the gas discharge leaps 
vvzi) 'Day light' fluorescent tube lights or 'daylight' film 
went lamps are particularly suitable for supplementing light 
in decoration, colouring and colour glasing sections, 

a) The duCty environment In the pottery industry  
particularly 	 the altphonse. 0 making and finishing depart,. 
meats leads to the application of fluorescent scent tube lights with 
inbuilt reflectors ( g .4.4) , The omission of lutes 
eaves on cost and maintenance. 

Daring operation, a tube light becomes warmer than the 
ambient air* This causes a slight but continuous circulation 
Of air around the lamp. Itch of the dust in this air is 
slowly deposited on the upper aide of the leap where, in course 
of time, forts and fairly thick layer effectively inhibiting 
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SOURCE: GIMSON.C.E. FILAMENT D15CHARGE LAPS, ELECTRIC LIGHTIN6, 
CHAP I , PP 53-80 . 
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the upward light emissions The light depreciation may 
easily reach as much 30 to 40 percent* 

To ooabat thief, the tube Light is inbuilt with reflee• 
tor,, covering 2/3rd of the otrousfereno.- end is applied 

between fluori cent powder and the 	►s leq•r. 

Colour of Xllusthatton1 
Performance under artificial lit differs from 'dar*► 

light. Thi. has been U ustr ►ted by a study made by 
Pierce and Usinland in table Now r6 - 

Table No IG - A 

The production in a ' ,repetitive Vial Usk 
as related to the colour ofIllumination 

Coles of 	 Relative. 
production 

Dayligt 	 100 
70310 	 93 

green 	 92 

Diu* 	 78 

Red 	 - 	76 
Orange amber 	 76 
Ya 	na ' amber 	*. 	54 

5.4*8 Selection 

 

8eleotion Maria for  
This d*pende on the following considerations 

i) Character of light dietribution, 
ii) Upward d i t of light to avoid contrast glare between 

eurci and the surroundings, 

.ii) Sturdiness of l.uainaires* 
iv) initial installation and subsequent maintenance ooate t 
iiar " ..n a 	 iOnoTóz  

and Productivity, Personal and Industrial Psyoholog r,, 
%—A '1AJM MMM ~R .. - ftd%C 	Yip l~lrr~r~ 114 S 	TA.... 1flC 
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v) Spacing to mounting height ratio, 

Distribution of light dopanda upon the type of source., 
shape of the fitting, mounting height and the d ,etancs 
between individual laspa« The more the light is content«. 
rated in a downward direction and the lower this **2nting 
height, the lesser will be the illurtnation on the wall$*  
but adequate light must roach the vtUe In order to provide. 

cheerful atmosphere and to reduce contrasts. TabieV 
gives lu mire spacing and light distribution. 

Auger 
Relation between luozeire 'spacing and light diatribution 

Ratio of spacing Zone in which luminsiro 
tc mounting height luvene re eatttsd. 

l J to 1 	00_600  -- .spread 

. to 1 	09-400-- 	iooncentrat«. 
ing oznediuua 
spread,. 

Mounting above  
work piano 

lase than 16' 
(4,8 )) 

1d'-30' 
(4.81) 
to 9K 

ter 301  (9m) 	0,5 to 	 O°.►20°..00ncantrating 

The fig i 3*Sindloataa some of the common typas of 
lusinaiz as used in industrial building. The polar curvee 
show the character of light distribution. A part of light 
eaif4 ion in upper hemisphere is aost desirable as it tends 
to reduoa the brightness contrast botven the source and 
iaaaediat. surrounding apart from the fact that it sakes the 
environment -more oheortul. 

This tic knowledge acts as architect's "a guider in making 
ahoica for the lamps and the lusinsirOs suitable for the 
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_ 15 	•• 	 UPWARP FLUX TRANSMISSION HELPS To 

	

55 	 REDUCE CONTRAST 
PROMOTES VENTILATION 

	

15 	
OPEN TOP ALUMINIUM REFLECTOR 
PROVIDES UPWARp & %ION 
VENTILATION. 
FOR HIGH MOUNTI N 6 .  

o PORCELAIN ENAMEL REFLECTOR  

	

g3 	 I 	SHOULD HAVE VENT. HOLES ATOP. 
VERY COMMONLY USED . 
EASY MAINTENANCE, 

	

_~ 	 MERCURY LAMP IN MIRRORED GLASS OR 

 

70  I AL • REFLECTOR . 
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- 	 k 1--~- 	 SINGLE LAMP PARABOLIC AL.TfZOFFER 
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EASY MAINTENANCE • 
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O 	 -?WO LAMPS WITH WIDE TROFFER 
55 ° ° LIGHT CONTROLLING G)_ASS, LOUYf~ES 
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GOOD COMFORT APPEARANCE. 
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° INDUSTRIAL LUMINAIRES—DATA  o  
SOURCE : KINZEV G GHARP. LIGHTING-CAL8DESIGN CHAP. I_t,TABLE 19.4. PpCi& PP. 5 - 9 —, j 



purpose. Hov*vsr the exact calculations of light is the 
field of an Ill nation engineer aM his advice should 
always be sought for the resultant conductive environment. 
3 0 szamples1  of lighting and productivity in factories 

have been cited by British lighting Council 

(a) A leather working factory th.r the light r 
Increased from 35 tm/egft. Locelised to 100 	eq ft. all 
over reøuited in inorsaa•d -production by 7..6 percent which 
had an annual value 13 times more than the coat of the 
Improved light. 
(b) In an 1xae moan Women's sports ware acia . v after 
raising illumination from a low level to 100 n/Sq. t. 
the increased output paid for the capital cost of the now 
installations in 38 day** 
(o) 	Study in Indian contest was conducted by ATI1IA, 
Ahaedabsd, in Loom Sheds of Textile Mills, in respect of 
effect of increased illumination on production and damages. 
In will A, illumination was increased from 6-9 toot candles 
tungsten to 17-25 foot candles fluorescent. The results 
showed that efficiency Increased from 77.91 to 81.46 percent 
sand des decreased from 4.6 to 1.5 percent. In mill B, 
illumination was increased from 2..3 toot candles to 10.'13 
toot candles and IS to 23 foot candles 4uor.sosnt. The 
results showed that the efficiency increased from 67.65 
percent to 1.2i  percent and to 75.28 percent in different 
intsnotties of light (Information by correspondence). 

3.4.9 aasry 
The entire study can be summarised as follows; 

• Z! 	• do. 	VUi21flUflbJ. r.ODUbivJ. j  Per U U 	re ca ue 	 v+m  . yaw 
Inset,. of Dirsot©rs. London. nags 73.68-79 
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i) More reliance on dsrlight 
ii) Glazing related to floor area and D.F. 
iii) Proper access to glazing area for frequent cleaning. 
iv) Qoiebiustion of gas discharge loops and filament leaps 
as a safeguard against voltage f uotuations 
v) Use of 'Daylight' fluorescent tube lights for preventing 
Qoloar distortion in colouring and decoration sections, 
vi) Use of fluorescent tube lights with inbuilt reflectors 
for dusty envircnnent,, 
vii) Prequent cleaning and aafntenanci of ,fps and luainairea. 
viii) Selection of luminair as per the light distribution 
characteristics and the spacing to mounting height ratio, 

c) Overall predc ation of light coloured, and low refloo- 
ttv surfaces for bettor light distribution and avoidance 
of contrast glares. 

a 
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3.5 COLOUR 

Colour was created on the first day in the beginning 
of time. Xore ancient than Adams  colter has been an important 
influence in the life of man throughout the ages • Colour, 
in earlier and 1*8e sophisticated ages, was to man more than 
a simple joy- colour was also as ooiated with complicated , 
mysteries. With childlike pleasure man painted himself , his 
clothes, weapons and ho*se. With edvanotmmnt, the colour 
and Its application has become a science and a medium for 
creating appropriate moods in the Indoor ènvironmsnts, It 
has opened a new field for psychologists, physiologists 
,p, sycbo..pb3'eiolete and ar*hit•ote, 

Light or the visible radiant energy, is the cause of 
colour sensation. The visible spectrum which to a2.co the 
vietbie colour spectrum, between 4000 to 7600 angetroma  
is capable of producing the colour sensation in the human 
eye, Beyond this ram are the ultraviolet and infrared 
aner, reepeotivoly on the Violet and red aids* and it is 
invisible, The retina in the hen eye, however, to not 
squally senettive to every wavelength within this range i.e. 
its 1um1nosttpeopona. to different to each colour, 

3.5.1 ioienttfic Objectives 

Until recently factories and workshops were lava ,ably 
drab and dirty. Now it is being recognised that the Building 
Scientist , colour consultant and the architect Can contribute 
materially to the creation of environment in which workers 
can be both efficient and oats, A good colour scheme apart 
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fro* being decorative alms at helping the workers to see 
clearly and quickly and at promoting safety# accuracy, 
tidiness, identity to each object with consequent increased 
outputs In important respects, colour is serving the cats 
ends as lighting and it is essential that colour and lighting 
be viiydd together as the 2 complimentary aspects of visual 
environment. the human being has an inherent attraction for 
dolour. n * child perceives a brightly coloured object 
Faster and develops love for the sate. This Inborn quality 
stays with him throughout his life and develops attachment 
to coloured objects, may be it is a machine or any other 
object. Safety i0 one of the most important quality in 
industrial contest that the colour contributes. IIt Is found 
that 12 percent of the industrial - ccidinta. are due to 
failure in recognising the potential h*zazdo.1, which could 
be mad* conspicuous for quick recognition with appropriate 
colours. Scientific objectives of colour in .ndnet 
1 -Creates a cheerful. and conducive environment. 
to Better worknewhip, 

3, ftlief from eyestrain and fatigue, 4.Promotes tidiness, 
5, Gives clear : identity to machinery# passages, operation  
levers, pipes etc. 
6. Lesser rejections and increased output 
7+ Leads to safety and fewer accidents, 

3,5.2. Westing Conditions 
Thee; following table# shows the existing conditions 

of colour in pottery industry (based on a survey of few 
* -W,&UM. raau. MUSA 	 U• «- s .ACUAUWUlat Q 

Fatigues-• Indust al Fe~rcholl v,1968,DP.51 
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induatrleo bytho author. Reference is mainly to the work 
areas vhere the colour scheme is greatly desired) 

3,5.3 Colour Perception by Euman Ere 
Eire receives and transforms the radiant energyn the 

fora of light between 4000 to 7600 A et.roms and the brain 
and central nerve system translate It. The retina overlays 
almost all of the surface of the eyeball.  Its :emotion to 
to oon rert light into electrical impulses through photon 

` chemical action. The retina to oompoeed of nervy with 
cells of mod Ut•d ends. One type of cell in conical called 
'cone' and the other type is blunt called 'red', The normal 
retina oontej 15,000,000 rods and 34,#000 donee* The rode 
and cones contain pigments which bleach under the action of 

light, The optic nerve and the central nev system translate 
and Interpret the stimulus and initiate appropriate reoponee, 
The response of light Is not Identical in rods and cones, 

h►e cones operate at brightness levels above 1/1000 of a 
toot lambert and since the oolour to ,perceived only by the 
codes, there is no colour perception at very low levels of 
brightness and poor colour perception in din light. When eye 
receives light above 1/1000 of a toot laabert, both rods and 
cones are in action and such a condition is called 'pb topic' 
vision. When light received is below 1/1000 of a toot lambert 
only rods are in action and this condition is called 'eootopto 
vision', Under low il] untnation, when rod vision is dominant 
the eye becomes alm*et blind to red ut is quite sensitive 
to blue* (Fig,,5.1) This shift in sensitivity is called the 

rkLnJe effect. This point is extremely important for denoting 
the *fire fighting equipment' generally coloured, red For being 
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conspicuous, it has to be we .l Uluni hated during the night 
tine, 

Although the retina to sensitive to radiation b~rtvesn 
4000 to 7600 Angstroms# It is not equa11. sensitive to every 
wavelength within tie range, ('ig.3,5•s»i) . 
3.5,4 ndustriol Colour Planning  

This involves follower Considerations$ (a) Background 
cola, (b) Machinery colour, (C) Identification colt. 
(a) Background Cola 	These must be carefully ooneidsr 
ad in relation to the work carried out in the room* The walls 
and ceilings which fora this background should not g ve rise 
to glare # should be restful and should provide a . , neutral  
light. surround, adapted to the lighting  conditions of the 
room and the conditions  of works Idea, the background 
colour should be oomplenientarl to that of the eaterial 
being worked on and at the eeae time should provide a suitable 
contrast in bus with the te~ek.. Cale► froe the middle of N 
the opeotrum such as buffs, yellows, greens, which provide 
suitable hue contrasts with moot materials used in industry, 
can be used ae background colours. Bright calms must be avoid. 
ed in ftveur of psat3. tones which afford relief " to the eyes 
and assist speedy read justment of vision. White colour could 
be used In the areas, near the. roof for a uniform distribution 
of light. Colour can be used to wary the apparent temperature 
of a room, 'cool' colors such as greens and blues art useful 
for giving the impression of reduced temperature in 'jam 

in 
X►9me . k~ . ► a ereer tearinduetr, while colours Such as 
re . ' Oan create an effect of warmth in cool arias, Grills 

*to. In the openings should be of light colour to avoid 
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contrast glares. 

(b) Maahinerrr Colours* The colour selected for this purpose 
must provide a suitable brightness contrast with both the 
task and immediate surround • those requireaentn can be 
summarised as follows t- 

i) Xt suit baranime with the surrounding so a blue 
in 

or green shade Is ussfulI, dsoorattons.  
li) It east not &ot as camouflage, but =net secinttats 

or asks possible , easy and automatic perception 
of different parts of the machine. 

iii) It must provide a contrast between the task on the 
machine and the part of the machine forming the 
background to the task, 

Such items as switches#  starting ! coons,, levers, saving 
parts and tool points should be polo rd to increase their 
visibility eM to separate them visually from the body of 
the machine* The size of the machine will influence its 
colour treatient- the smaller the maohins, the more delicate, 
the colour eohsms, Bggshel , finish to preferred to glossy 
finish to avoid reflection. 

(a) Ida ntlftostion Colours: 
The quick identification o►f services and the marking 

of hazards is aided by proper selection of the right colour* 
asrds shouldbe marked with an arresting colour and tests 

have shown that 'orange' is the best warning colour. Rod 
should 'be reserved for the firs p rentiv.. equipment and blue 
on such things such as electrical centrals is useful as a 
cautionary colour, The insides of macbins guards, the parts 
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they protect and the insides of electrical switch boxes 
should be painted with a danger colour such as 'orange' 
so that they are immediately obvious if they are displaced. 

For the decoration, colouring or colour glazing  
sections of the pottery indtotry1  bright colours should 
be avoided as for exospli a *ters glance at a brightly 
coloured wail, aay have a bus impact on, the cersaic colours 

ro 
or pigments and this w tl4 eed to exact Identification 
colours for the high class decoration wore. 

In purely cam specie 0. such, em wash rooms, rest 
rooms, o eta an, lighter and cleaner hues say be used, 
to view of average colour preferences, blue becomes ideal 
for facilities for son and rose for facilities for woman, 
Zn stair ve3ls aM passers usually deprived Of natural 

"fit, bright tons of y+iow are effective, in storage 
areas white ii the beet and will moke the moot, of Ixisting 
lighting installations. 

For prcsottng safety yellow with black std to very 
useful to mark 'st ct g net', stumbling, ailing busarde, 
low beams„ platform edges etc. Telor colour may also be 
useful for the 	 i ► 	teeLed racks or industil trucks  
(fork lift eta,) so that they are instantly noticed while 
in motion. whore objects are suspended and difficult to see 
because of lack of local background,  visibility can always 
be increased b r suitably cold.. d target screens placed 
issadintely behind the object.. It is important to note that 
the materiel handled in the pottery industry is mainly the 
oley in *me fora, Its colour ranging from greyiah whits 
or white , to light «• brown or broveishysiow for the fire  



plays, Thus with the overalll colour aches. within work terse 
based on 	.n.bin• shades„ thematerial would have enough 
contrast with the immediate surround and the cleaning of 
various surfaces would also be easier, the dirt being quickly 
noticeable • Indirectly this also leads to good house keeping 
within the shops  Further the blue green is a cool. hue, when 
the retina is saturated with it, a warm pinkish after i*aie 
is produced which is flattering indeed to employees. 

3,5.5 Psychological Aspects 
Warm and cool Dolours The colours containing a pr.doa' 

moans of red tool warm and those containing sore of blue 
tool cool; while,, the former sees near, the latter appear 
to be farther array than their true distance from the eye 
Only yellow and pt rpl. appear to hold their actual position 
in space. On application, a long narrow room may visually be 

shortened so that the distance from the workbench to locker 
room seems lass than it realms is by painting the and wafls 
34 a dark value of adysnoing colours likO burnt orange or 
maroon. Conversely e 3.1 rooms say be given greater appsrant 
diaønsions so as to avoid feeling of orosdednnes, by use of 
pale tint of a cool eolou►r*pale turquoise, aqua -marine eta. 

Moving around the spectrum we note that yellow brings 
good oh•er (oD3.our of light) • green effects human emotions, 
blue is definitely paining, red excites the courageous endeavour, 
purple to depressing (should be avoided in . lunch rooms rto.) 
and the orange is the most powerful stimulant of ail, In 
industrial plants the colour selection should be based upon 
working outward from man at the zaohine, through the man's  

sdtate surroundings, to the surface farther away, the first 
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consideration being the eye coatort at the asep ., 

305.6 Colour Appearance  under rtifio±s2 Zigbting  
Different types of lamps vary widely in their iff ct 

upon the appearance of surface colours and people 'a 
coaplexton, For the general, after dart Lflua ination, high 
efficiency types of fluorescent leap + are favoured because 
the 3Uuatnstion recommended can be obtaind with lamas 
emission of teat than would occur with filament leapS, The 
'Daylight' variety reasonably toh*e with natural daylight 
and serves to reinforce the 	tion, when inadequate 
This is very important where the recognition of colic is 
involved like the gluing, coping and decorating sections 
of pottery t ry .industry • 

Y.5.7 1.fleotion Psotors  
While choosing any colour, It is necessary to know 

the refliotraee of that colour or saterisi in the ares which 
govern the i ,lamination levels 

Table 19 
Retle ti Factor's (R,PO ) 

White punter 0,090 to ih tO 0.98 
0*95 

White paper 0*80 Grayish white 0085 
3ilver.d mirror G,70O,85 Ivory 0,82  

Chromium plat* 0.65 asnsry yellow 0.77 
Polished 0.62 areas 0.75 s i t' $ a 

Polished steel 0,60 Prise rose yellow 0*65 



l i rt~l Rater Coles R.P. 

Lime eiore 0.33-0038 LIght tan 0,65  
Poliehed narbis 0.30-040 Light blue 0.63 
king cloth 0.30 Duff 0.63 
Grey cement 0, 20s.Q,30 Pi, green 0.39 
Granite 0,20-0.25 Light pink 0.33 
Rod brick 0.10-0,15 Silver grey 0,46 
black paper 0005 Dark ton 0.43 
Black cloth  0.012 ty blue  0.34 
Back velvet ' 0.004 OUv green 022 

Dark grey 0.1 
Black 0.20 

3.5.8 Av*tlabity of Indian Colours 
D$ferent mwfa e e in any work area require a different 

kind of finish, which may range from a oo1ourwaob to a oil 
psit. Availcbility of color (in I lien context) suitable for 
fInishing various maces a►ust be thoroughly studied by 
architect taking  fol.owing points into ooncidexal ion, 

Type of mace 	0 11) Degree of protection 
ice.) DurabiUt3r of finish -viaavie the ZaotoryMt regulations  
requiring painting once In a speclfto period, 
iv) Cost of Various colour finishes, 
y Faso of cleaning duo to dusty atmosphere, 

Type of surface Cow be metal,# wood, brick or plaster, 
*to, and the degree of protection required w ,ll depend upon the 
extant to Which a eur face to exposed to weathering# attack by  



1 
water etc. Factory Act — Chapter III, clause 11(1) d i and 
ii atip atso that in case the walla and partitions are 
painted, they will be repainted ONCE IN EVER! FIVE TEARS, 
in case of white or colour wash, they will be ma had ONCE 

a 
	IN EVERY FOURTEEN MONTHS*  

Table 20 gi?ee the varoue available finishes with 
their cost. 

1• synthetic enamel paint 
2, Plastic saulsion paint , 
3. Snowa.m paint 
4 a Oil bound Washable die. 

temper 
5. Colour wash 
6. (nonwashable) dry distemper 

,19.35 / 1trs 

,j'7,85/ litre 

Re. 4,OO/ g 
Ea.6/* 

4.00/kg  
Re. 4.50/kg  

1O12 a qm/ 
litre  

30 to 35 a t/ 
10 to 35 eft 

-4o-0 

3.5 to 20 eqm/Ut 
20 agn/l tre 

Standard range available in Indian colours is enclosed, 
namely, the aynthatto enamel, deoopl*et,dietouper and Gnow on, 
for a roady reference For the colourwash, the colours available 
are blue, parrot won, aquamarine, yellow#  cream,, pink, grey, 

.° 	ff s 

The ease of olosnlinee!3 should be an important oonaidsr  
ation for finishing walls etc. upto a height of 2M to 2,514 
above the floors A washable type of finish upto this height 
is most desirable, 

3.5.9 a*sx sad some rscoaaandatjons for Pottery Industry 
The foregoing discussion can be su afte ld as followsla 

i) Colour schema should be based on predominance of light 
coloured surfaces, 
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STANDARD SHADES 

Summer Blue 	 1Ved.gewood Light Grey 
	

Steel Grey 

Smoke Grey 
	

Comet Grey 
	

Sky Blue 	 French Blue 

)k. Aft. Grey 
	

RAF Blue Grey 
	

Phiroza 	 Azure Blue 

Pale Cream 

Water Green  

Canary Yellow 

Emerald Green 

IF 
Lemon Yellow 	 Golden Yellow 

Opaline Green 	 Pale Lilac 

Apple Green 	 brilliant Green 	 Aquamarine 	 Majenta 

Jade Green 
	 Auto Green 	 Olive Green 	 Gold Beige 

Synthede Enamels 
ALSO BLACK & WHITE 

Bus Green 
	

Mid. Bruns, Green 	 SHADES SHOWN ARE FOR INDICATION puRansF nNI V 



PLASTIC PAINT 

	

HaritalFci 	 Moti 

Madan pp..~ool 	 Gulab 	 Pistachio 	 Charcoal* 

N 	er 	 Swati 	 Cactus* 	 Columbine 

--*—  

G /-2a r1 ashy ,am 	 Malhar 	 Bright Yellow* 	Flake Grey 

Me 	j' P1 1k 	 Grace Summer Blue 	 Zephyr 

	

X14 i~.t::,.•*, 	, 	 . 

. 	 I 

Shahbad White 	 New Mushroom 	Nut Brown 

Chain 	 'a 	 Coonoor Mist 	 Poppy Red* 	 Geranium* 

1 	 , 

Chas 
__ 	r a • .. 

nda 	
Dakor Blue * 

	

Pale Lilac* 	 Mohan*  

	

. 	 ALSO JET BLACK & WHITE* 
Th 

*Available in SILKONA also. 

elur Blush; z s 

	

~~ 	Aquamarine 	Shades shown are for indication purpose only, 



lb )lu!d 
	ZO£ A8a0 anon l9 uaaa0 aied 	£Z MollaA ZOb 4asad 

n!uo sino!oo alsw!xoaaae mot's pi o sigl uo sue ea eq 
£g uaaa0 a!ddy 	g£ Aoi j ea 	 V9 au!aewenby 	lL wooaysnw 

ZZ wusio PM 
	£0t u!d oel!I L£ AeJJ alsd 	tOZ djn8 lg en l8 alsd 

~ua!oi~lns aati VJ3MONS jo sleoo OM Y :snr Ailnwaoni. 

gobaapuoneI 
 

Vv ullo0 eaiei 	ZO9 an!10 240il 	LZAJOAI 	0£ Aaa0 JOAI!S 

II l!4M W30MONS 6u!pnlou! sopegs OZ 



-143.' 
ii) Overall sobesse should be 	aoni e, 
l U) 1.8.1 w should standardise certaincolours and Its 

use and application in Industry especially in the areas 
requiring a ay a detection. 

IV) Factories Act should stipulate regulations about 
proper application of colour hftwa in various industries, 

v) The choice of surface finish should be based, on the cost 
visa-vie durability required as per Factories Act 194$, 

'vi) Glossy surfaces  ftniehs should be avoided to sin iae 
glare probi~e ► 

vii) Red warning colouro should al as be well illuminated 
specially during night time to overcome purtinge effect.., 

Same flecemendatione  

Paotoi'y and war- housing 
Carlin. 	 th ee, 

Walls 	 green or blue (light peat  shades)  
Weil:* (warehousing) 	ate 
machinery 	 green 

wheels S `ety 	yellow 
dl  

Wheeled racks, industrial 
trucks 	 yellow 

ritah boxes 	 blue with orange Intel sides 
Firs fighting equipment red with proper illumination, 
Cabinet*, Shelves 
kiln area-walls  
'Warm sir duct$ 
?uel oil ,, ducts 

Alootrlcal conduits 

grey/olive ,men. 
green , er blue (light Shades) 
or2nge and white straps 
yellow / white straps 
blue 

r 



8tniotura3. stanchions (upto 3M) 	light brown 
Stanchions and trusses (above y i) • silver grey► 

3.6 ORIUTATIOM 

By orientation in industrial context, we man, a facing 
and locating of factories in such a Banner so as to obtain 
'axirna advantage from natural agencies like sun, wind, 

temperature#  Ise* min 	:;.and aazinua solar host gains during 
suemer and winter respectively, ly, wind-movement indoors eta, With 
proper orientation, the conditions indoors would be acre 
ooafortable naturally and expenses on sechanic al devices for 
physical comfortt will be reduced, 

3.6.1 Factors affecting orientation 

Froa the point of view of orientation solar heat gain 
Is the primary consideration but other facto like the dirsot• 
ton of prevalent brew**, the swount and dIrection of rainfall 
and the *its conditions cannot be overlooked.  paotors that 
need consideration as as follow.: 
a) the four Principal faoadse, b) loon ,ono of rooms or processes, 
a) Th. roof, 4) shadIog deciess. 

(a) The your pre oip f osdes, 
A south facade in northern hesisphsr$ ban the e4vntage  

of receiving much lager solar radiation during winter and 
lesser during susmsr. Penetration of sun can be out off by a 
small horizontal louvre# These obvious advantages are not 
available on any other facade 

For that part of India # north of 230  latitude, the sun 
does not shins directly on north fac de # excerpt during early 
mornings or late afternoons. in e or', Even for other latitudes 
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south of 23°1, the sunlight at Wid0idfl + 	auaer,  , in 
addition# come& from a ve high altitude sun. The early neon- 
ing and late afternoon sun can be out oft with vertical 
Xo ►urea on aides of opening and the i delay nun south of 
2Y0N, by a email horizontal. louvre at the top. 

The eastern and ires ern facades receive nearly equal 
asounte of daily solar radiation throughout the year.  When sun 
ebtnee on easternfacade, It to comparatively cool after a 
cool night, and the air temp. in also low. The solar beat gain 
through thin facade to not no pronounced indoors unless of, 
cue, this facade to all ehaded glass area. 

The western facade encounters a different situation. Die 
to higher temperatures in the afternoon,* the heat flow Indoors 
S further augmented by the incidence of solar' radiation, 

Glass areas on western Side are a definite disadvantageunløoe 
other wee properly shaded* 

(b) Zocattoas of zoors zoo or Pareses 
Much Of the solar beet inside the rooms can be of set 

by favourable brreeze, during the periodo when thetis are likely 
to be Ooaupie4s In addition to the external beat gain,the 
boat in produced Indoors by men at work and the ru ming of 
machines, For the wind ooement indoors,  law @111 windows are 
necessary, It has been Pound by ezperlrents that in deviating  
by 600 from optimum wind direction, the wind..veiootty inside 
a room to rednded only by 25 to 30 per ent* A 3ilght departure 
from optimum wind direction can be c 	ated. by providing  
rotatable wind oatchere protruding through roof with their 
lamer ends at about 114 above floor, 
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(a) the Roof 

In tropical cheats and particularly in Industries the 
root with its ].args surface poses a ss3or problea of heat gain, 
through the fenestration and root lighting and the rooting 
material itself, en.etr.tion should be adequately protected 
from the direct entry of run* This is not possible it skyhighti  
jug system is resorted to. Fenestration can be protected with 
diffusing glasses, overhanging eaves or snature to i e„ For 
ainteleing heat gains through this root gling, a proper 
orientation would necessitate its facing to north or south 
sides, 

Thersal perforeance of a root depends on Its shape„ 
r fit otl vo and emissive propertiea of rooting *etorial, 
them, properties and total area of eXposed er fsce • 4n general 
light cOhoured materials are preferable to dark on re• The 
shape* lice, hyperbolic  parabola, folded plate, aonoide., 
have inbuilt advantage of retaining parts of its surface under 
shade and as such the heat gain will be less, l oreover they 
offer larger surface in tee of area than flat roofs and this 
reduces the per unit a*s sol radiation over th a. The dla-
.t.I.on exchange to directly proportIonal to the effective surface 
acres over which radiation is distributed* Concrete roofs 
relatively are better in thermal perforeano. than A.C, ehette 
or uaI.nium *beets,, For thermal  thernal contort,, the root should 
ensure lower internal marfaae temperatures to ain3aise the 
radiant heat bred to the occupants. 

The story not stipulates a obear internal g?C of 14'- ' 
with r, e. roofs and 201«0" with trussed roofs without insulation 
and a mid g4p of 4 .air space between insulation and sheets.. 
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This difference in height does play some pal in directing  
the *rflow from the openings towards the floor because 
of higher air pressure on one face of the btldin ."its 
wind velocity V 	p • 	and as such the bigger the p1  
duo to larger heights and surface,, the greater will be the 
V. However for thermal cc ort the extra height does not 
contribute slficant i. in a project sponsored by A.C.C. 
(India) Ltd • and the Fibre Glass Pi cington India and the 
studies conducted in recent years by O.J4hI. on the i r „au* 
Lion of A,O;..heat roofs of factory buldings with height 
of 201.0* and 16'.O' have shown that no significant di -► 
erenc. in the indoor air temperature tnipite of a height 
dtffrence.  

The overall thaw porforDance index (TPI) to defined 
as the relative rating of the different building components 
by taking overall climatic date#  theropbsical properties 
of bulding ections and indoor air temperature variations  
and the T P44, value for different roofs has been tabulated 
to help in the final choice of roofing eatertal, on the 
ne*t page. 

(4) Shading d vtcee 
From the knowledge of solar altitudes and the aetriths, 

it to possible to deolga effective shading devoea and the 
building eha e with provide maximum Golf shading on Wier. 
days for rooms like]► tc► be occupied at those hours when the 
solar beat is nazi. Mee* can be eategor sid under the 
heads ,0 louvres, ii) gri11sbui1ding ehapeslendecape 
•1ements • 
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b1e, Not. 

1. 10.00 cam. r. o. s►&b Tartelt 1#5 a. 225 175 	225 V.r poor piaeter 
2, 10.00 on + 5,00 as 5,00 cm 1#5 a. 122 75 	125 Fan 

t iud wick, brick plaster 
tiler 

3.  10. 	+ 5.00 cm 1arfe1t 1.5 a 64 15 Good 
T.ormocakir r plaster 

4.  10.00 as +10,00 cm.Tsrteit 1.5 a 66 75 Good  
foam coma, plaster 

.5. Z0.00 cm, +3,00 -dO. 01 75 125 lair 
foam cone 

6. 10.00 ca++.5 an moo- ••do 86 do.. lair The rrnoaoe 
7,, Aluminium shoots Indian 90 d.o". Pair with 2.5 am -dc- fibre board theriacol. 
8, A.C. aheet + 	ow •-do ..do- 85 *who+. ?air 

11  + 2.5 cm do 86 do .Fair mineral wool Sound absorbent 
10.Alumintum + o.. .do 04 .do- 

sheets 

i) 

The exact inclination ano projeotion of Louvre a to always 

goI,ned by the climatic data of the place in question. As general 

uidelines , following thu abr,Ass asr  be observed, . 

(a) Where poecible louvrao should be free from wall 
surface to pz'omoto the air movement mound the glazed tea,, for 
higher comoationel, beat losses. 
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10 Lsosps 3lea.nta 
Thyme aisaents in the form of water Poole, shelter 

belts of tress, hedges, lawns and Lepers can be effective ' 
used to min to the beat gain through the building, The 
wstorn and eastern sun penetration should be minimised. 
with shelter belts on these sides, Hedges oould 1 located  
as to divert the bogeys towards opainge. 

3.6.2 Otetion for Vori 	Mtu4is 
The beat orientation, in industrial contest, is. 

from the ao 2 point of view whereby the building as t. 

whole should zyost 1 a iau solar radiation In winter end 
a isus in ter,: For practical evaluation, it is necases r r 
to know the duration of +t ehine and hourly solar intensity 
on the representative days of the aeaaQne. maple as tabulated 
below (Table 22 and 23) will show that for all latitudes, 
an otiantatica with longer sides faces north and south it 
appropriate from solar heat gain point of view#  the wind 
being taken *am of by the rotatable roof wind catchers 
as already pggeeted, 

ra.bl.. 22 
Dally total dirsot solar radiation on v. tea. maces 

in . C ./eq.a ./day for two repreeeflta.tive days 

North 228 35 214 27 194 	20 ISO 15 ISO 9 
last 
Bast 	225 167 232 173 240 157 

	
247 146 
	

253 126  
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Table 221aontimaed  

2 	2 3 	4 5 6 7 6 9011  

th 	100 291 US 294 141 295 158 297 188 281 

South 	- 358 - 	377 .0  393 Is 398 64 390 

South West 	100 291 115 	294 141 295 158 297 188 201 

vast 225 187 232 	173 240 157 247 146 253 126 

North Went 	228 35 214 	27 194 	20 188 15 ISO 9 

3.6.3 iswer 
hero r possible acoording to ett onditions, ciao 

conaidaration should be given to various fnotore afteating 
orientation in light of the above diecuasion. 

The fiotory builder ebould be or&euta with longer 
sides facIng north and south. Shadi, deioee should be, 
used to miss the solar beat gains and the consequent thar-
mal .00mfor o Root glazing 3bould face north or south eldia 
Windows with low allis of 30 cm. will provide wind sovement 
at the low per of work in pottery industry Xneuation 
of roof and western walls Is absolutely neotseary and should 
be provided, Western areas of factories should be allotted 
for atorege, godowna as these are &ost1y nonoocupied for 
bin activity,#  A system of sd3uetable or rotating type 
roof wind catobare should be introduced. + d. 

1t 	 .  
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444 QIN3RAL 
Thee fall under the categories of external and 

internal finishes. While the extern finishes have to be 
strong And durable against veothering in addition to the 
aesthetics, the interns]. ttniebss constitute a ,great deal 
to the Indoor envoninent, 

Floor finish, the most iaportext of all, hoe to be 
most suitable for the process, and resistant to wear and  
tear,. 

Wall finish should have a greater consideration for 
ease of clew,, distribution of light and cols r, 

Roofing aeteriol should be such an to rein unaffected 
by the vapouxe or gas from the procsets. In addition to the 
Protectionn from rain and ØUU it should provide good the t 

insulation particularly in industrial context as the roof 
auras is very large.,, 

he text in this chapter provides general guidelines 
based on critical analysis ,, It is worthvhiie mentioning 
here that the ahoioa should be based on the overall advent 
ages offered by the finish and its suitability to the 

4.2 FLOOR FINISH 

Gin* l Requizewente s For taking a final decision on the 
type of floor to be adopted it to essential to have detailed 
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Information on the fo ovi ng points 
1) Z ,ve load on the floor due to the movement of pedestrians, 
trolley with metallic wheels and round cetallic objects and 
Industrial tracks (pallet, Sorktype etc.) 
ii) Specific pressure due to concentrated load • 
iii) Impsot on the floor due to fall of the moving articles. 
iv) The particular purpose for which the floor is designed 
i«e, whether It has to resist beat, acids/eikelies, mineral 
oils, organic matter # dteieOtrio property or sparking eta 

The floor can be regarded to comet broadly of three 
parts: the floor finish or the top coat, the underlying  
layer or the base coat,*  and the eaten base& The floor 
finish takes care of most,  of the loads. The underlying  
layer is intended mainly for the distribution of the load 
onto the earthen base • the base say a eii*ee be an existing  
r.c.a. slab, 

The different functions oocurtng on is floor finisbi 
a floor finish has to be designed - for the various  

purposes which it has to serve* T bie 24 gives the various 
loads and aggressive agencies to which a floor finish may 
be subjected, it also eunarieeo briefly the remotions of 
the various types of floors to thee# load® and other factors, 

Thi coefficient Q„ given In the oousn 4 of the table 24 
P/bl , where P a the greatest load of the wheel in kgs 

It is ai4tplie4 by a load factor which is 1.1 for stati± 
load and i*3 for dynaa o load#  b a width of the contact area 
of wheel in oce., 3) a dies. of the wheel in s« 

This proprty describes s the wear of the floor due to 
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the mover ent of the round metallic objects. 

The impact due to the fail of objects is indicated In 
column 9. The fall is generally oonnider d from a height of 
1 mater, like falling of loads from outocars and trolleys 
and dumping of parts. In ease the articles are likely 
to fan from a 2M height, then their weight as given in 
aol.9 may be reduced by half for a safe impact* Similarly 
for a fall frost 4.5.4, this weight' stay be increased to 1.$ 
for sat, impact. The impact !,effeot while working with 
crowbar or der directlyr on the floor is considered 
equivalent to the fail of article weighing  30 kg, from a 
.height of IL oratohes on the floor while dragging bard 
articles with sharp angles and edges is considered equivalent 
to the, fell of a weight of 10 kg, through a height of 1)1. 

The temperatures upto which the varioua types of 
floora can be heated without detriments), wear are defined 
in column 10. Effects on the floors due to petrol, diesel, 
oil.,#  kerosene#  and emulsions mode out of them is shown in 

Considerable quantities of alkalies and acids are 
sometimes likely to fal on factory floors, oo]o#l5 and 16 
give the concentrations of *tide of various types which can 
be resisted by the different type of floors, The limits of 
concentrations indicated in the numerator are for nitrous $ 
sulphuric, acetic, phosphorous, hypoehlorous and chromic 
acids and in the denominator for butryto, lactic, formic, and 
oxalic acids and their highest possible concentration given 
as 100 percent, column 17 relates to the effects of alkalies 
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an the floors. 

In many structures electric current at a high voltage 
is used for various jobs. Also in soar floors very sensitive 

electrical initruaente are cot up and used, In such inet oss 
the floor has to hay, good resistance to the flora of e1.at io 
current, which Is termed as dielectric property of floor 
and shown in 001#180 

4.24 Yarioue. Pin4tehee 
Vario 3 finishes here been li t*d in oaf..2 of table 24, 

The capacity of reai9tanca of then o floors for the venous 
types of MUMS is deacnibed as vary good (VO) , good (0) 
fair (f) , poor (P) end very poor (V.P.) .The e type, specially 
suitable for a particular aoton is indicated by being  
enclosed in a rectangle,. 

Concrete finteb•e: These are very commonly used, 
their various grades being 14100, 14150, 14200, M250 and 14300. 
Concrete floors with hardeners wbee wear and tear is more* 
Bom* of the concrete surface hardeners marketed in India 
M purelite, ironite, hartonate eta,. 

Ordinary cement floors can resist temps, upto 100°C, 
ocial beat proof cements are available which can resist 

temperatures upto 80000. They are used with usual o groga ea, 
For concrete resistant to acids, acid proof cement is used, 
but the aggregates used must be checked for acid resistance. 
Asphalt It Concretes floor Is sainly used for Its dielectric 
properties and resistance to aoide, 

Paving brickes These conforming to J8135831966 have good 



-156- 

resistance to Impact and wear and may be used where heavy 
wear and tear is anticipated. They can also withstand temps. 
upto 50000  when used with *and. Ceramic unglazed vitreous 
aoid resistant tiles conforming to 13s445741967 have good 
resistance to aoide and are also suitable for floorings  
subject to acid attack and abrasion. 

STNS s 
The types of stones useful for flooring are granite, 

basalt#, quartzite, ewe ton, obehabad o  Granite to very 
bawd and resistant to wear by abrasion or impact and is 
particularly suitable for loedin and unloading platforms 
of industry. A broken stone can be easily replaced. Kee oh 
and )la.ndana stones have fairly good reei1azioe to acids and  
alkalies and wear and tear. 

Steel and 04. floor wish 
Troyae very useful. where heavy - and round metallic 

objects are moved *When used on sand layer  they can resist 
temperatures upto 1# 400009 

4.2.2 TOP COATI ' IQZ*B93 
Table 25 gives the thickness to be adopted for various 

types of floors,, which depends upon the types of mechanical 
actions further explained in table 26. The thickness of floor 
to be adopted In the case of stone flooring Is given in 
table 27, which depends mainly on the impact due to failing 
objects * 
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BA8 COAT rt TEICUZ$S 

the bass coat distrfbuto the lord on the earthn 
bass b lo,. The minimum thicknesses for different types of 
bar+ coats are indicated below: 

1) sand 	.. 60 an 
1 ) ag 	. 80 

1, I) Gravel 	80 m 
iv Dry rabble packing 200 m.. 
v) ballast Ivor 	80 mm 

) Concrete 	l00 am 

1) Acid proof oonorete-w 100 ;ran, 

For concrete. floors, the concrete for base cost should be of 
N100 grads. In the 'floors where the concentrated load dove 
not ti Bred 200 kg., 00 as thick cone. floor may be need. 

44,) Beadingand Jointing Materials 
This to to be shown er, carefully  so that it its also 

+~b1e to withstandthe various actions on the floor* just as 
the floor element itself. TabTh 24 give: the various bedding 
end Jointing materials that are recommended for use. 
Cement scours. sand mortar is the most cotson material,, and 
It 1s exolustroly used. It In very good for use except where 
temperatures more than 10000 are involved, in snob cease heat 
V►sistant dent should be used. where said resistance 1n 
desired , bituminous sas.tics or naotd•.rxst:tant cements should 
be used. 

4,2.3 RequIremsnts for Pottery Znduit r 
Par pottery industry the floor finish must have the 
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following qualitiess 

f) Heøttanoe to sbrasione, impsot, wheeled traffic 
of wheeled racke, Industrial trucks eta. 

it) Sage at cleaning for the epi ed clay ehip or dry clay*  
lit) iintaua number of joints 

v) Resistance to heat tn kiln was, 
v) Reajatanca to acida for laboratories* 

During the oaating, tilling of mOUI4B, pr acing and .Jiggering, 
a -lot of ciey,or slip spills on the floor and if aiiow8 to 
retain there,t,nde to give rise to dust when drys went 
cleaning or scraping Ie most de8irabie. As such the loaner 
the number of joints, the easier it is for cleaning or 
scraping. Hence for the main eh.ep , a east in sits type 
floor finish is more appropriate*  Durability to indicated 
by the resistance qualities*  A durable floor although initially 
ceat3,j eaves in the long run on its maintenance 

4, 2,4 Adequate drainagea is a must for all industrial floors„ 
No matter, how well a floor bee been laid, some minor depr as 
Lan will always be there, which would collect liquids. To 
avoid this, the floor finish should be shaped 1/60 to 1/609  
A eio, a more than 1/40 is generally dangerous and makes the 
floor more slippery. The floor area must be designed so ae to 
move the traffic across than down the elope, 

The spillage of materials and liquids should receive 
proper attention because some of the beet mat+ riale might 
show poor durability because of inadequate cleaning a.rra+e-
ceuts and lead  to extra expenditure on Its maintenance. 
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Services in floors can be beet laid out In a floor 

duct, which should be covered with removable precast r.o.q. 
gels. This a, ottem he a following adve ta€ s s 
1) ~ovniraioa 
11) Easy access# 

LU)Zeaksg. do not spoil the opace as with oa.rhead services 
iv) Base of varying out repairs 
The top of floor duct suet be is the level l with general 
shop floor eo as to ensure esooth v 	t of trolleys *to 

4.2.5 Boonoejes of oor`iiehee 

In the context of iduotriol buiZdnge the require 
* is of the. process almost always d otata the type or 
floor finiab. The costliest floor fish may not always 
be the beet suitable for the ' prooeec. The cost has to be 
mean is the light of the advantages desired in tare * of 
durabi ,ity,, resistance to impact and various Erato and 
suitability to the process and subsequent maintenance cost* 
Table, 28 gives a oospwieon on an approbate ooet/agta basis 
of variou.a floor finishes from which the final choice can be 
made by studying cost via.wa vie suitability,, 
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4.2.7 Suary 

From the forgoing,  dtsouesion, tables floor citations 
nd performance, following floor finishes are rreoomr. od. 

i) Production areas •» a) concrete with+ lace hardener, 
b) Graaolithic cono to 

ii) Kiln area and tiring sections Beat raisisting concrete 
and concrete with surface ha ener° 

iii) Laboratori.e 

iv) Offices t  guest 
rooms#  

v) Conference roams 

a) `.V..G. 
b) acid reoatant ceramic unglazed 

rble mosaic or terazzo 

a) P.V.C. 

4, 3. Walls 
'In acto ies ansi aillo, the structure is enclosed in 

the masonry work like the works of a watch in its case'. 
The walls et as enclosu re for any story building 

and 'xis . skin, In the form of surrounding walls,, performs 
the role of a screen between the iudcor and outdoor Dondt' 
bona. The first broad decision will "be governed by the 
structural system and roof type.  adopted is whether to have 
loadL baring walls or filtOr male or cladding. Paotory  
act requires a height of about 614 inside the shop and this 
influences the thickness of walls, ; so the parameters 
laid down by I8sl9OO-1969 structural safety of buildings: 
IaOOni r restrict the ule erness ratio to a max. of I: 
which gives a minimum thickness of wall for 619 height as 

eotve h$Ø 	6000 	" mm Ito. 13.5 in. 
ratio 
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or one c d a half bricha. Thin alga iapiloo that the 
trail, ryat have a ciapport by tray of Orooa iaU, oo]unn  
or a pier at a~tary 6n of horizontal d tanoo, Thoco 
par=tore tibon auporipo3od over a 1.5nitl5rI arid 
(.~otod no a auttable drU for pot ry .induotry in the 
previouo ahaptor) pane Ya ontng prof e 

a) 1aotbor to have atruotural oolua alonj the outor 
periphery of tho onvloacro for oupporttn the root. 

b) or .1+t7 the load boaring v to to oupp t the 
undo of roof otrua ro alone the periphery, 

The .latter to Obvioualy the ana r ao the oin. thick 
Haas eoMaa to 1 bit 1*a* load - earitj, For cupporting the 
truaaoo, ao otipulatod by 113$T9O5.'19690 piora ahoul not 
have a a1.ondorneao ratio of Hera than 13 i.e.  the atn iun  
thicknoaa of pier r auld be 6000/13 a 461 i.e. 18 in or 
2 bio, The pure should Coro at a di: tanoo of 3,75 n to 
putt the 	 O. of l5rz1511 and aloe to . op the ilondoxueoa 
ratio vithin tDito apart from the overall Qtjffnao0 that 
to achieved, for the lone and high onclooing vallo of the 
factory. 

4,4 Pcoto a tor CboLao 
Tho final choice to governed by the variona oonc• dor. 

ationo ao liatad bolot ,* In eddition to the above par otora, 
the dooiaion baa to be viotrod in the follotiing perepoCtjvo, 
1) tracaturl stability, 

U) l3aoo of olQaninj (Internal ourfacoo) 
.i)Roatotcmoo to troathoring (o torte ourfa000) 

iv) Colour of the natoria1 uood, 
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v) cost, 

vt) Possibility to extension 
vii) Property to take up different finishes 

viii) Thermal reaietanoe. 
ii) Fire resistance. 

4, .2 Choice of IlateriLts  
A judicious choice of building mstorials depending 

on their physical properties will cause better therms 
conditions within the stricture. 

a) Reactive and isdv. properties 

The radiation iápaote on buildings can be ennountered 
very effectively by choosing materials having favourable 
reflectIve and smiosive chars teristice. Th.y are of 
particular importance in overheated conditions prevalent 
in our country. Materi is which reflect rather than 
absorb radiation and which more readily release the absorbed  
quantity as thermal radiation r .i cause lower temperatur ee 
indoors. The reflectivity of asteriale to solar radiation 
largely depends upon colour of the surface. Vhite materials 
have very good reflectivity and black ones very poor. On 
the other hid the ohnrsoteris tics of materials in regard 
to long wave infrared beat do not depend upon od 	a All 
surfaces, except shiny metal surfaces o ait treat rad .ation 
npproimatoZy at the same rate. Thus for surfaces exposed 
to the sun, white washing, light colours or materials lade 
of light colour provide appropriate anger.  
(b) Beat Transmission Properties:  

Hest percolates through the structural elements by 
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virtu* of temperature difference between the *it*% 
t internal surfaces, Thornal d anpi and tlmele 

dependent on the thermal properties of the materia . 

Promotion of Radiation MA Convection LossoO 
Wherever possible the arsae of the exposed maces 

should be inorewsd to reduce per unit area eolar'r.diatjon 
Over them, Horizontal Surfaces are of particular  importance 
as they experience largeat beat is pacts, The radiation 
exchange is directly ctly p rpa ian , to the effective surface 
area over which radiation Is distributed*  For western 
walls corrugated r ieven surfaces like alternating recessed 
brick layers can providø largo Face area g 3.6 
rate of convective' heat transfer to the ontoide air Is also 
Increased by additional mace area. Louvers over the window 
openings ehoi ld . be as far 	 practicable  clea of the walls, 
to all the tee air movement for Cooling and for reducing 
the beat co uction into the building 

4,3.3 Thermal Performance Rating and Clseelfioation of Vale SM Roofs Lu Hot Clete 
An efficient biding resign involves not only funot-

tonal aepeotS with respect to structural. t space utilization 
but also the emrmmontal aspects. The enclosing walls 
and roots should be so built as to mine beat stress 
Imposed by external climate. The steady and periodic thermal 
characteristics, which in turn depend on the thermal see-
tones and heat capacity of is building components, provide 
the basic indication of their relative thermal performance, 
The o o 	aspects  orientation and the surface colour 



;75  

2, > 6°C1o°C 

3. > 1O0< 40O 
4. >14,1800 

5 	1800 

>75-Z25 

125 175 

175 L225 

225 

'465"  I 

oonstl tut* a ,great deal in the boat transfer.. 

Rating Criteria 

Suitabl. criteria baa been evolved by Q,3.a.I., Roorkec, 
for the roots and walls and Is given in Table No o Z9 end Zgo, 
Ths. th*ral performanceindex (T.P.I.) aote as a guide, for 
wing choice of materials for construction. 
T.P.I it is the relative rating of the dipartnenta1 building 

components by taking gall effect of olinatia data, 
thermophysica l properties of ~d g otions and 
moor air 	tore variation, 

Table No,29  
,Unto for thermal Parts ae 

rating of roots and walls. 

F.D$I,,,2 
j

Perforwrice I of pa 
Index T,P,I. 	sae 

Preferable for 
better atanda. 
rde 

	

lair 
	

Acceptable 

tin3ate,afsotory 
Very poor Very unoatie~. 

faotory and 
Extremely Insulation abs.. 

	

or 	olutely neoesa 

Tabs,* 29(s) continued on pia 166 
Theme. Performance Rating and Classification of WaU .- not C1imat 
(Wails with West Orientation sad 8olar Absorption CO.tt (a) of 

0.7 cement grey or 'brick red Dolour) 
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1* 11.5 cm. solid bk 1,25 cm 1.25 to 1.64 Poor 

2.  23.0 as solid brick - -40 96 Pair 
3.  23*0 cm, solid brick 1*25 cm -dow 93 Pair 

pester 
4, 34.5 an solid brick o. o. 64 Oood  
5. 46*'0 one solid, brick c 61 Gott, 
6., 23.0 at perforated brick 1.25 cm -d 85 Pair 

actor 
7. 20.0 am. bit cavity 
v 1.25 as alesteer Pair 

S. 28,0 as 	o- o. 78 Pair 
9.  20,0 bk oait7 wall -do- o- 60 Good 

filled with mineral wool 
10.  11:.5 am, bk + 5,0 .o- -do- 90 Pair cm from canoe 
11.  23.0 am solid bk wall 7..5 cm do.. 76 Fair 

sand stone 
12* 15 em. light3wt, 

bk (800 kg/a) «► 83 Pair 
13 3.5 am* light rte, 

bk (400  /*3) 92 Fate 

14. 11.5 cm. solid bk - 5.0 cm 95 Pair light wit, 
bk (800 kg.a 

15, 11.5 cm solid bk - do.. (400 	.*3) 
111 PaIr 

16. -do- - 7.50* 85 Fair thmocol# 
3.7. 2) as solid brick 5.0 cm 74 Goal light Vt. bk 

(800 kg/rn3) 
28.E 23 an solid bk -do- 400 kg/ 74 Good 
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a.f * 	bri k Me 	o JL* T.P.I 
4 ►a't 	0 

CONCRRT+ PANBLD 
1. 10.0 on precast cone. 

panel 223 Ver7 
poor 

2, 3.5 	:ors precast cone* 
panel 173 Poor 

3. 20.0 an precast cane* - 135 Poor 
panel 

4 10*0 am* ford cone. 112 Pair 
panel (aipore*) 

fir. 12.5 cm, 	s - 95 Emir 
6. 15.0 cm. tad cone* + - .. 84 Pair 

PAW 
3.; 20,0 am dense hollow 1.25 am 136 Poor 

cane, blacks (2 holes) meter 
20.0 am dense hollow 
(3 holes) .4o. 142 Poor 
20.0 am donee hollow 
come, blocks (4 holes) caw 131 Poor 

4, 15.0 om, dense cons# 
hollow penal (6 holes) o- 171 Poor 

15,0 em dense cone. 
hollow panelo (6 hoIse) 
(tilled with foam cone.) 	- .do. 125 Pair 

60  7.5 as.#  cellular unit 211 Very 
poor 

7. 7,5 cm, 
(filled with t 	rni0001e) 	- •► 177 Poor 

8, 15 cm. cellularr unit 132 Poor 

STS WA3L8 
1.  30,5 on rubble masonry — 89 Pair 
2.  38.0 cm. nand stone 75 Good 

3.  38*0 cm. granite 99 Fair 
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S*Sc A Brick walls 	 i~~auv 	 1' q  a~ 	w ~rynws 

ST 	WALLS CONTD 
4 * 30 * 0 +aim. gram to - 	2 . Fair 
5. 15 cm. sandstone + 	- Pair 5.0 am air dpece+15 am 

•sad atone 6. a— granite + +W 	axe 
granite 	 «► 82 Pair 

£JUDVZa PALS 
1 0,,1 	shoat. 	 - 357 Eztrems3.Extremely 

• poor 
2.  0.64 oa, A. C, sheet 	- - 	324 Xztr+ 	sly 

poor 
3. AuthUum shoat 330 
4., A.0. sheets with 500 as 

air space 	 - 	- 211 Very poor 
5...1*O. sheets With 5.0 t 

filled with 	luminium 
toile 	 - 344 Poor 

► A,C, sheets with Shoo cm h 	► 1.0 Pair 
7. Aluminium  sheets with 

.0 em • the, 	coolo 	- 	* 94 Pair  
8. A,O, sheets with 	. 

1,0 cm « foam cone.. 97 qtr 
9. Al. sheets with cone. 	 - 90 Pair  

Prom C.5.R.I. Buding Digest No.101 

4,3.4 Internal whose I 
The internal finishing to of great importance partiouler33r  

in view of the dusty atmosphere . Raving seen a numbr of pottery 
works, it was observed that the walls generally upto a height 
of 2 to 2#5 14 above floor wore oovered with dusty Any finish 



upto this height should be easily clew and should be 
taperd ous to the mashing. This finish should also be 
capable of taking a desired colour as per colour schsae, 
Various points requiring consideration are listed below. 
a) Easy to Ol*anq 
b) psrvioc* to washing, 
e) colour of the finishing, 
d) cost, 

•) appearance, 

Wall surfaces near the root should  ibou1 always be of lit 
colour for a better distribution of light. The var o 
fishes have been anu rated in Table No.3O: 

Table Noy C- Internal Piniebee 
8.NoL 	Finish Properties I Colour and Reerke I. Pattern 

I. Cent 	 good can be finished Cheapest end the mater 	resistance to in various tmost cc 	only 
weathering patterns and used finish and water colours. 

2. Glazed 'mss Hard and lap- W140 range of Bzpenoive and 
ew e;• Easy eels and requIres skilled 
to clean patterns. vor1 	ship 

eeetsEs, 4 to 7/ 
aft • 

Y. ar cal. 	Hard and Imp- A no.of colour* Net vary ezpene«, or sosal* 	ervious, can and .patterns 	iwo „Good appear.. be tiles or got: aible, 	once. 
oast insitu  

4. Stone 3isbe  
(T ea) 

5, cloy Tiles: 

Bard end 
impervious 
to water 

good wearing 
q~ttea 

Different 
sizes + an ter 
a pattern* 

Available as 
terracotta 
tiles and a 
wide range of 
patterns pose 

e . 

Not commonly used 
in industries, 
No colour poss-
ibilities, 
Used for the 
decorative 
purposes only 



8 No i $ba ob 
NrU 	 MwlIY 

6. Cerasto 
EDsaic 

Wee) 

Good wearing 
qualities and 
Imo 
surface 

Available in a 
variety of 
colas white # 
grey, blue,#  
deep red , Smooth 
surface. 

`. P.V.C. tiles Good wearing 	tar, 	* of 
a► qu 	es 	colour range  

acid resistant pstterne. 
Easy to Olean 

8, Vitrum 	Good weathering A r de range 
q, . ti+ s and Of cols end 
impervious  to patterns 
water. Boat' to possible* 
clean, 

Resarka 

xpeneive and 
good for 
exterior ►rior finish- 
Ingo 

izp•neive end  
not ooaiouly 
used. Not a 
bard finish 
though imper  
vious 
Expensive and 
requires a 
•ki od vorkk 
wm . Good 
for exterior. 
only 

4,3,5 Bar 
The above discussion and the stated paraseters indicate 

that a 34 am« (1*  In.) brick wall provid, appropriate answer 
for the encloeing structure. For. external finishing o,plast+ r 
is the cheapest and the easiest answer apart from the tact 
that it cam take any colour xaoh. For internal finishes upto 
2 to 2,5Mhoight, cement plaster and mosaic. or terrazzo  we .d 
be suitable* The 34 am brick wall in addition to t 	l 
OOnfor.ltp provides ease of putting plugs into the well at 

►' point for supporting service duets/pi,, a otoo Stop* walle 
do not provide this ease,, 

For roofing with A*C. sheets or sluidnius sheets, 
a 2.5 am* mineral wool insertion or r the si,tatez boards 
is desirable, Mineral wool,, In addition to thermal inftlat on, 
helps to absorb sound thus aontribnting to the acoustical  



quality of tho tntornai aroaø, Thio 000tri about 10 to 
12 p oaloZt3, of floor aura 4 

I tornQ 2Uo faotnj0U or UD cho~a1d bo ttito tm►oia4 
and ISM ►000iblo oorrU atGd I&th olto to rojoctine and 
ro000oi brtot l ava,, 

4.4 - ZS 	OUID AUD 2TZWCtJRfl 
2iora frxotorot fnotiona1 and aocthotieal, have a 

boarin on tho problom on providing the mot opprop iato 
otruotural frontnrj front 	 and root for a factory bai1dingat T Zo 
on w Ovora l coot oonoiotont faith tsar ,ilfiixont of 
all quiromon' o . The ahoico I - not ocoy and hao to be mod 
on a nuabor of oonodorationo•. 

4.43 1ovont oonodorationo for a Pottor r Iaduotr t 
x' ►Woo iay bo broadly divided uwlor fivo 	oato, orioa 
(a) •8truoturo3. oonoidorat o a 

(b) a iolo of oonot O ions. 
Cis) ori000 
Cd) Aoøthotioo, 

Tho broad 4tV oicno cow ho furtior aubdiiridod a foiloub 
(a) Struoura1 

co doratl ono 

(i) $paoin for internal ao1uno govornod by pr000a e 
cw t and orauipmont. 

(i1) Oloar 3ntorma Haiabt 
(iii) Spootl of oroction 
(iv) Poo3ibiiity of diornar*tling and roorootion, 
Cv) Cot/on or oft. 

(vi) Ovorall croir ht on 2oundc tionD. 
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(a) aterials of 

Constructions s 
i) 3p.oia3 requirements of a process* 

Nature of process, 
. I) Desired floor and wall finiehos,, 
I?) Raise of maintenance, 

) '.henna, insulation, 
vi) Fire resistance, 

(0) 3ervioee 
0. 

. 8uepensjan of serr icao like duoti, pipes • tan.,  
eltpltncs, lit -fittinge. 

11) Protruding ohianer through root o , 
ill) Daylight considerations, 
.iv) General ventilation, 
v) Root drsInse. 

vi) Mteriala Rand1ing introduction of Industrial 
truokø, 

(4) Aeoth+etloo, 
i) axternal shape at root* 

ii) Appearance from within 

(a) Future Expanelon 
I) Use of addition or extension, 

ii) Problem of expansion jothts. 

4.4.2 8tae1 aM Concrete 8truoturee 
In Indian context, the Industrial traotur.e are 

limited main].; to the twomaterials pe r ateei and concrete. 
It 10 worthwhile therefore to stud, the tents and d rite 
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11 respect Of these principal. materials used for Industrial 
Wildioge, In 'table 31 every point enumerated, is assigned 
* value Out of t*n,, to give its relative merit or demerit 
over other materiel. This eyi 'm of value eaeigzunent helps 
to ice the find. choice easier and foster. (peg 175) 

4.4..3 3tiotrai Grid. 

Deoteton So to the appropriateness of column spading 
has to be based on various factors. Wile the e1.ng::** span 
roots without an n rmediat supports ire the beet as they 
offer a complete freedom for process '" out , thee* aspects 
should be viewed in the foliowing perspective. 

() 8ize of the biggest machinery or equip nt, 

(ii) Any particular process requiring moats space including  c*rculatton space 
In absenee of intexsdLate supports., problem of 
peting ing aervtoes Moe duets, slip lines, .nee, pipes etc. 

(iv) Comparative cost of a in* span root v a 	s the 
root with intermediate supports of cobs or otenohion . 

(v) Areas reqtiring gantryugirdez serviced for handling 
of teri e, 

(vi) A coluan apacing that would allow tree movement of the 
industrial Valet and fork Uft t cks should the factory 
evitob over to ' eohaoieed e.ndl1nS4 systems for 
materials and products. 

The minimum area required for machinery or equipment 
or process in *see of Pottery Industry is as enumerate below* 
This consideration is restricted to o•rtsin machinery or pro a'-
eases which influence the column spacing. 
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Minimum space required 
including circulation 

uto 	40'i.50' 
400'O  includi 

3 traoko 
150'«0 40'O" 

to 2001-0' including  
mould 
dryer . free movement of 

Industrial trucks. 
enviaa d in fut- 

tire development end 
mechanjeed handling 
sy6to te, 

3. unricl kiln 

4. Conveyor casting 
process 

Table No.32 
Z4aohiney Equipments, Processes and the Column Spacing 

1. Ball Kill*  1540" or 4.5 N in one direction, 
2. Down draught kiln o'.4' in die, 5 	X5O" 	or 1 5 N 

50'*a0  or 15M in one 
direction. 

4O' 0orl2M 

5Q'-0*x44' • a column 
spacing as recomnsndd 
by Manufacturers of 
handling equipment. 

Zooking to the above table and also with personal 
tosion with teotory.owners and ceramic enginsfta, a Column opac 
Ing or a structural grid Of 50' J►*X5O* O* or l5Mzl5M is augge,ted 
for pOttz7industry.. Xt given. freedom for the proosse layout 
which can be oriented in both the direction it ray be noted 
that in Aae*ioan and British induetri e& a 600-010  X40'-?0  or 
I8Z4z12M is the moat  maoaipiee4 atruotural grid 

4.4, 4 a choice of Boot (figr,4,4i to 4,4) 
Having considered the column spacing and the merits and 



-176 

deaorits of concrete and steel structure,  fina y the 

type of roofing hog to be selected •. Factories being large 

covered spaces, have to rely on some form of roof light. 

for Its major central area and that lido lighting alone 

would be inadequate. dequate. Drainage is another Important factor 

the needs consideration. Following types of .ifs are 

considered for the suggested i5Nx3.5M grid# 

asinforoed Dent 
„-Conpral - - 

n# North Light Shell 
b. Conoidel shell 

o*  Barrel 3)11  

4. Waffle floor slab with 
nor4tor. . 

*a  Hyperbolo peraboli4O 
t * Folded plate. 

a* ortbligbt root. 
b. Northligbt roof with 

rosoi. principal rafter 
C. Tubular Steel trusses with 

no tors 
4. Ybrella type tubular 

trusses with skylighting  
a. 8pezmion structure. 

4e4.5 Root Lype and the Cost Consideration 

The overall cost of a roof depends upon a giber of 
factors,, and it should be seen 	o the advantages 
Offered by a structure. The cheapest structure need not 
always be the choice If . advantages are missing* 

StsII roofs are ocapetitive for areas over 800 aft* 
provided atlosot eight ate are built to reuse the + ntto 
ing* 

ubuiar steel work #n roofs weie leas than. 
3 lbs/eft, and results in the greatest economy by way 
of reduced weight of etae3.. 



Prom the ds.ylighting point of view lantern light 
should be pre erect to skyighting to en e a uniform 
lighting indoors 

Pr having acme idea as to the cost of various roots, 
enleted, an estate, was mode based on the cast of material, 
quantity and labour and tabulated. It includes only the 
trusses and roofing materials # slabs aM be a (for concrete 
roots) and d+'** not inaludo cols or foundations, This 
would vary from place to plaoe and every year and as such 
gives idea of relative oontc of different root types * 

Table 33 
Coet/.ft, of some roofs for 15 x1521 grid  

R. 	, etrue 	+c st/s t« 	Remarks 

a) North light $ell 

b) Conotd obe1l 
a) Bawl Shell. 

Re.6.50/aft * 

Re .6.00/aft. 

cost includes concrete 
work above column® 

ado,. 

do 4) Waffle floor slab Re•6.00/aft+► 

a ee 
a) north light 	Rae 8.00/aft, Clot includes trusses 

andcovering materials 
b) Worth lt, t with 

z'.e. j, principal 
rafter 

0) Tabula steel 
trusses with 
monitor, 

. 7.50/a ft. 

* 5050/art, 

fit) Umbrella type tub. 	* 5.00/ott. Reduction of oust Is 
t~3,evo 	 because of woad 

weight of materials 
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ADVANTAGI=S: 
GOOP DAYLIGHT 
LESSER MAINTENANCE. 

• Gpbp DRAINAGE 
EFFICIENT USE OF MATERIP L-S. 

DISADVAN TA6ES . 

• UNECONOMICAL UNLESS 
EIGHT UNITS AR1= BUILT 

SUSPENSION OF SERVICES 
DIFFICULT 

• SLOW E:RECTICN 
• CREATES AcouSrICAL PROBLEI G 

NORTH LIGHT SHELL 

ADVANTAGES: ,STHETICALLy 
UNIFORM DIG 1I BUTION GOOD.  
OF DA y IL I G H7 . 	

/`.!  

• EFFICIENT US C OF  
MATERIAL . 

• COST OF CENTRING 	'f , 
DISAP:E-CONOMICAL 	WITH  

M(N. 8 UNITS.  

• DIFFICULT TO DESIGN . 	f 
SUSPENSION OF 
SERVICES DIFFICULT. 	TT T . 
GIVES RISE TO 	 ' I 
ACOUSTICAL PROBLEMS. U 

H:T-: i -----1 - 

CONOI DI4L 
SHELL. 

ADVANTAG : 
-GITE FABRicAT(ON } S►BLE 
S;URGRIOR FINISH . 	_ 	- 

FASTEK (=ERECTION 	, 	 ~~ I 	' ' 
GOOD SOFFIT APPE,4R,NC . 	 C ~ ~ 

' 

SAVES ON CENTRINCB 

	vivGOOD THERMAL INSULATION 
DIGAPYANTAGJrG,  
DAYLIGHT POSSIBILITIES 
ONLY WITH MONITO  

SUSPENSION OF SC-RYIGEs 
bIFF►cLT' . 	 WAFFLE FL.00F_ SLAB. 
DIFFICULT TO WATER PROOF. 

FIG1 i 

ROOF-TYPE S : R.c.c. 



H --------- 
VAN  

• CASTER ERLDCTIoN 
• EASY SUSPEN si ON OF SERYlCr" 
• ECONOM ICAL 
• LIGHT WEIGHT . 

o bISADvANTAGF'S , 
• SKy1-IGHT GIVES RISE 

TO GLA#'2E 
• UN UN I FORM LIGHT DsTRUT 

ROOF-TYPES :s 

Apy'ANT- Aug :S 
• GGOD DAyLIC NT 
• F ASTER 1=RECTIO?' 
• S1)SPENSlON CF SERYICES

ASy 

DISADYANTAC= ES: 
• P--GgUIRES RFSuLAI< MAINTI~ NANCE 
• P170 THERMAL I NSULATtON 
• EXTRA 	 COST 
• LEAK AG1= EIZUM 6UTTElZS , 

NORTH LIGI-4T 
Rco F , 

ADVANTAGES ', 
• PATER ERTIC N• 
• LIGHT W I6HT 
• MOST ECONOMICAL. 
• EASy Suc;PENSION OF 

ERV!CF . 
GOD L AYLIG 4T. 

PISAPVANTAGES 
• POOR INSULATION 

NEEDS REGULAt MAINT~NANCI✓  . 
LEAKAGE FROM 6UTTGFS. 

TUBULAR STEEL -rizUSS 
WITH MONITOR . 



ADYA 

,. ESTHETICALLY OOD, 
• ~FFICII=NT USA pFMATERIA-.S , 

DISADVANTAGES; 	 HYPE=P, LIC 
• CENTRING NEEDS SKILL Ep WORIK. PA ABOLOID. 
• PI PfiI GULT DESIGN 

SUSPPl=NSION OF SERV(CES NOT t✓ASy . 

177--G 

ADVANTAGES 
• GREATER SPANS RSSIBL>= 
• EFFICIENT USE OF t1ATERIALS. 

FLEXIBLE ADJUSTS FCS, 
{' 1 	LOAD I NU . f. 

bI SADVAN TAGr=G , 
UNECONOMICAL T=0K 
SPANS LEss THAN ICO7 0" , 
STI Fff EN (NG ESSENTIAL . 
DIFFICULTY OF GETTING 
STAN[>ARD FITTINGS 	 SUSPENSION 
HOLD FASTS , 	 STRUCTUK~ 

ADVANTAGES . 
• GOOD APPEARANCE. • 

,, bAv LIGHT. 
• , DRAINAGE 
• » 	THERMAL INSULATION . 

ALTERNATE S1 DE ARE IN SHA 
• EFFICIENT USE of MATIERIALS 

DI SADV, NTACSES; 
• t-x DEN sivE ORrxt WORK 
• DIFFICULTY IN SUGPONSION 

OP SERVICES . FOLDED PLATE . 

ROOF TYPES: 
	 4.43J 
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4.4.6 Yea ene~ +f MsapØe ta t 
Their are a umber of advantage,  offe d by 

a height of 5.4M to 6'N above floor. This has a prarequieit 
Of atiff colt ns which should be designed againot possible 
buckling, 

a) ?I zen ns floor can be easiLy introduced with 
+u'fi:eient head room to both the eubfloo 

b) iaoilitates orneeing over of services like duete, 
conveyers, pipe liioi at** 

n) Allows overhead handling above the plant on 
floors 

d) Permits fu, use of stacking trucks, 
e) 'Helps thermal Insulation to some extent, 

PecbologioaUy, for vast one, if the height 
is ieea , a ta.liag of depression is likely to arise ich 
is overcome with adequate height. 

9) The Factories Ott etipui,atee a minimum height of 
14-00 for r,c,c, slab roofs. call. 2O1 »O' for trussed roots, 

4.4.1 amsry 

The foregoing die+ .esje x Zoe doer guidelines for 
making the final choice Of roof type and the structure. For 
pottery induatry, the steel structures have obvious advantages 
over concrete ores, namely 

g 	tsr erection, poSsibility of die Cling 
and re rection, 

hi Rose of suspension of service ducts, 
C) Chimney can protrude at any point of the roof. 
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4) Expansion of bays is caster. 

In view of the above, and the i514a .5M grid, and the fcllovingfollowing 
structures aa suggested, in ozder of preforenee and based 
on overall manta, 	 0 

1. Tutor truesea . with monitor.  # 
2. Steel North Itght t asee . 
Y. Umbrella type tubular truss 
4. Conoidal shell root# 
5. Poided plate. 

Aluminium shoots or* preferable to A.Q. sheets as a covering 
material over steel 6zuaei beosuas, they reflect SS to 
90 percent of solar heat# require no mainterce, they are 
lighter, stronger and hence eater. During m*tenancs 
ivainius sheets arra more safe to be waked over than the 

A.O. oheetso 
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CONC BU*3 AND SCQMMUDATXANS 

5.1 3ACKGItJflD  
It is now recognised that the areas of common ground 

roman aaehitoctzre and Civil Engineering have expandedd in 
realm of industrial, isohan ,cal Electrical and other 

speotalised engineering  pro ects * Their importance is all 

the acre in oolshorafion rather than demarcated works 

in seclusion or unrelated copartaentsl.tzatjon. Mod+ raiss-
'tion Of this vital inter d soipli leadsto superior "mats 
in all its encompassing aspact*. Fiber in the later part 
of the 20th c ntunp architecture has m ►d, a speotalisid 
contribution in respect of oost4ynamicø by new rational 
approach that any structure infued with ae5thet o qualities 
of merit,, used not cost more than a attar atriotures, 
1#88 pleasing or drab in its environsertal coordination 
of the interiors a and exteriors. 

In this die8ertation,, the author has endeavoured to 
focus attention on the many problems confronting the 
erch ti ais in the design of industrial buildings in general 
ønd pottery Industry in particular, followed by an analytical 
discussion on the criteria and principles pertaining to the 
design and Construction of this induati r 

The working environment has become as important as 
the production proossa to achieve overall operational  
eftioi•noy. Why can't the working in facto es be made more 
enjoyable with a clean,, well lit, ventilated, ated, Oolourtul 



and aoouetioelly satisfactory interior with an enclosure 
that satisfies the thermal and structural requi cents? 

5.2 CONCLUSIONS 
Bach chapter has been iariaad at the and of Its 

text. However to render the reference at a glance easy and 
in canBo idated form, these have been given below for reader's 
convenience. Based on the studs presented in this dissert-
ation, the following conclusions are ids. 

i) The most significant conclusion to be drawn from the 
study is that 'architect with certain psroonaliesd studios#  
is 	only specialist capable for providing appropriate 
envelope for thdustriel buildings, He is the best coordinator 
of various specialists  ! their services. 

ii) Architecture of industrial buildings should be *id 
enough and enhance the lendooap 

Ui)lndustrial buildings should not upset the ecological 
balance 

iv) industrial buildings should be functional ► every 
inch of its space. 

5,3 BRCOJM1DATION8 
Thos, are divided under the following broad categories, 

a) Physical planning and orientation, 
b) Psychological aspects and the indoor eviroument, 
o) Fabric of the factory, 
d) Welfare of employees, 
a) Mis aellans cue. 
A system of i .y' ref rsnosa is introduced to facilitate a 
quit glance at the relevant text, with its citation against 
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each recoa m*ndation , 

(a) Pa!azoAx. PLAflING ND ORPITATIOI  
(1) Appropriate sequence of corelation of maims 

units should be the baats for wing (Page 45.49 • Fig* 
1,5-6/1 Para 2..1.2 end 2.1.4) 

(ii) Wails of the main work areas should be as free as 
possible for operdngo and the supervisory staff. This 
would asks. Wither expansion possible in any direction end 
opninge would provide ventilation and visual rest centres 
for tired workers (page,, 55# `i8~2.].~ftiGt/ para 2) a 

(iii) 8peoisl zeauiremente enurtaa'sted should be coast.. 
dared while working out the design rsq 	ments (page,.62..6 ,, 
pare. 24.6). 

(iv) Wherever possible 18*1256 recommendations ttoud 
he followed in ruepeot Of riniinum standards for factory 
deems•(Page 2, to 25 pare 1.4.2). 

(v) Ct , level of windows should be 30 cm, above floor 
in view of a low work pls ne. (page 122, pare aide vindwe,  
rig, 24 -ib) 

flandl.ing of Zsterisls 
(t) Double handling should be 5ixlmieed by xsq of 

sloping storage bins (page 7 7i, pars 2), 

(ii) Pastor; should be pied as oar- level. floor space 
for easy movement of wheeled racks (page 859 ;CA's .iii). 

(iii) Neobeniae]. hsndiing should be introduced with 
respect *0 Stage Of production, Power trucks should be used 
only for the fired rave and manually Operated wheeled r ks 
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for the stage of fore tton of w 	(page 67..68, pars 2.2,2, 
fig. 2,o 2-1)* 

(iv) Yurnitttre and wheeled racks used in for Lion stage 
shoes be soft lined with sponge and rubber and furniture  
should not be ford to the floor to provide tlexibi11tr in 
its layout (pop 76, Para 2,. fig.2.2-3, 2.24) . 

(v) .Door openings In firing and warehousing section 
should be 3WK for novement of power truoks and with, shutters, 
sliding or rolling typo (page 83, pons 2) . 

Orientation 
(i) it is strongly urged that wherever poowtbi., the 

orientation should be followed as governed by the latitude, 
of a pZsOa (page 14145, Table 23) , 

(.) Lsngsr walls should Taos forth and nth to aLni. 
awe solar heat gains during per, and western walls should 
be in elated and used for dolma, storage #too Cho 144-145, 
pars 3.64a, page 150# pars 3.6,2) 

(U I) Root glazing should face north or south (page 146,. 
Para a). 

(iv) For ventilation#  in addition to windows, a 
system of adjustable rotating type root wind oatoher should 
be adopted, (p 0 145, pars b) , 

(v) zternsl surfaces of roofs, and i walls should be 
lit coloured to minimise the beat gains (page* 163, pars 4.3.2a) 

b) P3Oli0L0GICAL AMOTS AND TINDOOR BgVIRONP3NT 
10183 OO TROL 

(I) 3Up House should be separated from other depart—
nests with a full height wall to prevent transmission of . 



noise Otago 96. p 	(1) , 

(it) roUe78 with rubber tyres and buokete, containers, 
of P V.C, sherd be used (page 96, par& (ii) ) 

(iii) Charging platform over ball aill# should have 
absorbent soffit and use of suspended absorption units 
near Saar crushers in recommended, (page, gap Para v). 

(IV) Workers in slip house should have change of shift 
to other de art tints *vex 4 bra, to reduce exposure time 
to noise (pap 990  pare v) 

C ) '$* of ear Plugs with So percent,  deafening ospac. 
I V is recommended so that warning noise from maobtnsry could 
be heard and !subsequent In, ury or damage prevent* (pager 99 M 

pare (i) $ 'ig 3.2 2 ) 

Duet Co i 	8 

(t)MV ginding processes bhoUd be enoloe*d from the 
ali a + (page U4, per 0)  

(Ii) Workers engaged in charging of 1av crushers • ball 
mUle, loading and loading of 6o rndraught kiln sherd use 
dust mask or atleast a aces the cloth covering note end mouth 
(pags,u4, pare 3) , 

U10 The fettling and spray glazing operations should be 

canted out only In ventilated hoods.. (page,Ul, pare (a),r 
F19*3*3*-1 WA .3.2). 

(IV) Use of industrial dust i*warx In reo ended for 
fast stir of the spilled material (page U,, pare (0), Fig 
3,3-2), 

El 

C) Workers should be compelled to tyke, bath with deter-
gent soap at the end of each day's work and as chi, ue►h 



failitise should be provided accordingly (page .15,pera Ct) ). 

1) There should be more reliance on day light and to 
got the required D' * indoors, glazing area should be in 
rei*tton to floor area.. (page  120122, P,ig.3,4.3). 

it) iUuination levels should be in accordance with 
130060 »l971 Code of Practice for the day lighting of factory 
buidingn (psge,U8, pare 3.4.2, Table 14). 

Lit) Use of day light fluorescent tube lights With 

'inbuilt reflectors' is recommended for the dusty sections 
like $lip homes ttt1ing and glazing hoots.. (psge.lzr, 
pars Cell g,3,4-4), 

iv) Por correct coLour.$dentfLcation use of daylight 
fluorescent tube lights is recommended for decorating coot-
ion (per. 123, pan 3.4.6). 

v) Overall lighting system should be based on combination 
of fluorescent tuba and filament ent lamps as a precaution 
against voltage fluctuation or power failure (page. 124, pars 
3.4.8) and (page  1260  parr (a)) 

.) Piro fighting equipments oho 	have adequate iilli. 
ainstion during light to overcome Purkinje effect (page 135 , 
Pig 3,5.ui0  Pars 3.5.3) . 

Colour 
i) Colour scheme should be based an cool colours shah 

as green or blue with prdominanoe of light coloured eurfaaee, 
(pegs 139, pans I and 3, ►, 5) , 

ii) Preference should be given to pastel $had*@ over 
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glossy, and bright colour's to mdse the g2a.re (pagh,136, 
para 3.5.4(a)). 

lit) AU wheels, levers and fencing on machinery 
should be given a warning colour for early eye, detection, 

(page, 1 ' r para iii). 

iv) Wails near the coiling should be white for 
uniform distribution of Ut (page.136, pare . .4 (a) 

Fabric of the 	 to 
.Floor Pinishes 

I.) For work srese # use of concrete with surface 
ha ener or granoiitho finish to recc ended, for firms 
section use of heat resisting concrete floor is recormended 
and for administrative *"a* use of terrazzo or mosaic and 
for laboratory use of acid resistant tiles is recommended. 
(P 	1 ►7, pars 4.2.3,  p 	160, sa ra 4.2, 6 Table 24) . 

Walls 
1) Enclosing vans shoes be of 1 brick thickness, 

with external  surface plastered or co at pointed (per 
161.463, pare 4.3 to 4,2a) 

i) Internal surfaces upto a height of 2.511 to 31 
should be finished with mosaic for ease of cleaning and 
the possibility of dsairad colour with mcaaio finish (page. 
168469, pars 4.3.4 Table 30) 

Structure 
i 0 A oolunn spacing of 151x511 is recommended as 

reprssentattve of economy, a reasonable degree of flexibility  
and minimum obstruction to process or ch ery^ (p4 75,'able 32) . 
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(li) Tub lar steel structures should be preferred to 
r.o so. euoturea for the various adiranteg.e 
,pertinent to pottery industry (page. 173..174, Tables 31 and 
33). 

(iii) Roots should have thermal tnsulstion to, minimise 
heat transmission indoors (pags.148 Table 21) 

(jr) Preference for straw (in Border of merit) 
TubuLer shell trusses with monitor, steel N. L. t see 
umbr*Ua type tubular trusses p canoidal shell j folded plate 
(page 178l79, pars  4.4.7, S1gs.4.4« 4 to 4..4.3) 

	

(4) 	OF BV URS 
1)Facilities like wseh roams,, osnteene, toilets, drinking 

water, recreation, rest rock, grain shop@ should be provided 
(pass 23 to 25 pars 1.4,) r 

jii) Prsoautlonary measures Me dust Make, bath at the end 
of each days' xo$c, use of ep .tOons should be enforced by 
the *scent and so also the rgular medical (obeok p 
system (Page, 115, pars f), 

	

Cc) 	OUS 
(L) The 1, 8.1, and office of the Mist Inspector of Psotories 
should establish better 000rdnation and frame  ggggn Wpj6 
g&M jg a in respect of minimum standards for factory design* 
(Face * 36- `ui Peru 1.4,7) 

	

.i 	►' I,3i3483..1965',, Code of Practice for Notes Reduction 
In Industrial ildia ' should be revised in respect of 



SPL and the time of exposure as pointed out (page*  95,, 
Table 7 and Para-Obseriations) 

(iii) In general, a good houoe kepi ehouldp.s0rapnlou.ely 
followed in reapeat at,. o].aning of floor spilling*,, root 
glasing, wails„ Ughting tiztures, perodtoKi colour  
vaohing, oiling of aohinery. This would render the indoor 
•nvtramwat over oloan, freob a*4 b1ygiento, oolourful, 
quiet and consequently conducive to sfficieney. 

The author hopes that the euggeettone will pry 
use l,, in giant of now factories or, in i ro *ent 
at existing ones. If this work has helped in throwing sons 
light On the planning ooniidsrattons of as industry or even 
kindled in others the urge to carry it on furthez'th. 
author willl fool Mighiy rewa4ed.  
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