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Foreward

The Tamil Nadu Engineering Association, P.W.D. is bringing out
with much jubilance rhis Engineers’ Guide in commemoration of
Platinum Jubilee, for the daily reference of member engineers in
particular and the Engineers ar large.

The imporrant assignment of compilation of facrs and figures,
rather a rask was enfrusted fo our senior member engineer

Thiru A M. Babu, LCE. BE, MIE. I is simply ro be acknowledged that
he has fulfilied the assignment to the commenduble magnitude
The T.N.E.A. records his name in its annals of history.

Our hear-felr thanks are due to ore and all who co-operated In
publishing this valuable book.

Suggestions from every quarner are hearnily welcome so thar
they could be incorporated in furthar ediftions.

Er. C. P. Shanmugom
President

Er. R. Sriraman
General Secretary

Madras Er. A. Subramaniam
May 28th 1985, Secrerary - Publication



Preface

Tamil Nadu Engineering Assodarion, P.W.D. is proudly presenting this
Engineers’ Guide during its Platinum Jubilee. This Engineers’ Guide
consists of 14 chopters dealing wirh mainly Civil Engineering and
eerain extent of Blecticol Engineering applicable to P.W.D. for
day-to-day reference. Accordingly parmiculas have Been fumnished
in most cases briefly ond poinredly. However detailed nores and
guidelines ore given on some choprers, whenever found necessary.

Engineenng Is o growing sclence and hence cerain daras ore llable
for change in the years fo come. Such change can be nored in the
bionk poges lefr with this book af the end. It is 1o be bome In mind
thar this book has ta be taken purely os o Guide ond not to be
produced os a code book of authority.

Personolly speaking, | have been entrusted 1o projedt this
voluminous: work which could not hove been achisved but for the
guidance, asistances and helps rendered by Cenral Office bearers,
out Senior Engineers Er. | Abbas Manthrl, Er. A Balasubsomonian,

Er. A 5. Romaoswamy ond Er. A E 5 Mariodoss. pioneers of association,
Mermnber Engineers Er. B Partoyan. Er. B,

Er. P. N. Sankara Raman, Er. M. Shankar, Er. 5. Hanif, Er. M. Bhoopalan
ond others. | thank all of (hem.

It Is 10 be ocknowledged thar M/s. 5d Vinayala Instant Phiota Typeser
have undemaken the phoro typeserting process, a compurer

method of work, which is required for offser printing, with zeol of
dedication. Parmicularty Mr. R, Sundor, Proprietor and Mt 5. V. Mohan Rouw,
Chiet Operatar are ta be mentioned here for their sincere effors.

Agaln our sincere thanks are due to M/s. Colour Lithegraphy, Moadras &.
and M/s. Print Systerns & Producrs Modros 14. for rhedr kind

co-operation for quick accomplishment of printing work,

Here I8 the proper place 1o express my benevolent thanks 1o the
TNEA far this histerical work of bringing out this Engineer’ Guide
on the eve of Platinum Jubilee on June 19 and 2nd 85 ar Madras.

Modms
May 28th 1985, Er. A. M. Babu
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I.\ GENERAL INFORMATION

1.1. ‘i’FI.EGRAPHIC GREETING CODES

Fﬂitlﬁlﬁ;
One \

Tuio
Three
Four
Nine

Twenty
Twenty-six
Twenhy-sevan

Weddings
Eight
Sinteen
Seventeen

Twanty-five
Examination:
Ten

Twenty-thres

Heartiest Diwali Greatings.

Id Mubarak

Heartiest Bijova Greetings.

A Happy New Year to you.

A 'Merry Christmas to you.

My Heartlest Holl Greetings to vou.
Heartiest Pongal Greetings
Heartiest Gurparb Greetings.

Bast wishes for a long and happy mared life.
May Heaven's choicest blessings be showered on
the young couple.

Wish you both a happy and prosperous wedded
life.

Convey our blessings to the newly married couple;

Hearty congratulations on your success in the
examination.
Best wiches for your success In the examination.

Independence and Republic Days:

Eightasn

NMineteen

Miscellaneous:
Fiue

Six

Suven

Elaven
Thirteen

Fourtesn
Fifteen
Twenty-one
Twenty-two

Kind remembrances and all good wishes for the
Independence Day

Sincere greetings for the Republic Day, Long Live
the Republiz

Many happy returns of the day.

Hearty congratulations on the new armval
Congratulations on the distination conferred
an you.

Best wishes for 2 safe and pleasant journey.
Many thanks for your good wishes which Iiwe
reciprocate most heartily,

Congratulations.

Loving grestings.

Wishing the function every success.

Many thanks for your kind message of greetings.



1.2. CHECK YOUR WEIGHT

IDEAL HEIGHT AND WEIGHT IDEAL HEIGHT AND WEIGHT

CHART FOR MEN CHART FOR WOMEN

25 years and above 25 years and above
Height Hu!si;t
in inches Inl
i gony. LBS KG anes IBS. %@
62 124-133 563803 A0 112120 508544
63 127:136 576617 61 114122 517553
B4 130-140 589635 H2 117126 B31:56:7
65 134144 608653 63 120-128 BAA-58.1
66 137-147 622-66.7 64 124132 563599
67 141-151 64.0-685 65 127135 576612
68 145.156 65.8-70.8 66 130-140 58 9-635
69 149-160 676726 67 134144 608653
70 153-168 694.744 68 137,147 622-66.7
71 157-168 712762 69 © 141-151 B40685
72 161173 730785 -7 145-156 658703
73 166-178 75.3-807 71 148-168 67.171.7
74  171-188 776835 72 151-163 ARS5-73.9
75 176-189 798857

Do you weighmore than you should? If so, do some thing aboui frsevon. as i
muoyr adueysely affect pour health and longevity dpart from comfort and

ApPpenrance.

Normal blood pressure = 100 + Age in vears.

Keep physically Fit for Serving to vour [amily as well as to the Country
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1.3. STATE ABBREVIATED ADDRESSES

\

Address

Tamil Nadu Engineering Association, P.W.D..
Chepauk, Madrms - 5

Accountant-Geneml, B2-C, Mount Road. Teynampet
Madras - 18.

Director of Agriculture, Chepauk, Madras - 5.

The Station Director, All India Radio (next to the
Difice of the 1. G, of Police), South Beach Road,
Mulapore, Madras - 4.

Life Insurance Corporation of India, Madras Zona)
Dfice, Mulli-storeyed Buildings, Mount Road,
Madms- 2.

Secretary, Board of Revenue {Land Revenue and
and Settement); Chepauk, Madras - 5.

Chief Secretary to the Government of Tamil Nadu
Fort 5t. Grorge Madras - 9,

The Honourable Chiel Justice, High Court, Madras - ||

Supetintending Engineer; Technical (Civil),
157, Mount Road, Madms - 2.

Collector of Customs, Narth Beach Road, Madras -1,

Darector, Tamil Nadu Transport Depattment, Madras -2,

Director of Information and Publicity, Govemnment,
Fort 5t. George, Madms - 9.

Direcior of Technical Education (College of
Engineering Campus}, Guindy, Madras - 25.

Chairman, Tarmil Madi Eleciricity Board,
157. Mount RHoad, Madras - 2

Code

Pariyalax

Accounis,
Agriculture,
Alashvan
Blimapradesl.

Board RHevernue,

Chinfuec,

Chiefilce,
Clvitec

Customs.

Directrans.
Dirinfar.

Dote.

Electrichoard,



14 Engirewes’ Guide

Address Code

Socretary to the Govemment of Tamll Nadu Law Madraslaw,
Depariment, Fort St. George, Madras - 9.

Chiel Engineer [Bulldings), Chepauk,

Madras - 5. Katridam.
Chief Engineer for Irrigation, Chepauk,

Madras - 5. Irrigation.
Commissioner of Labour and MHrector of Employmant,

Chepauk, Madras - 5. Labeom.
Private Secretary to His Excellency The Governor ol

Tamil Nadu, Guindy, Madras - 32, Goveec.
Chiel Engineer (Highways). Chepauk,

Madras - 5. Highways.
Manager, Reserve Bank of Indla,

Reserve Bank Building, Madras - 1. Raservist.
Director of State Raffle, Fort S1. George,

Madras - 9. Hafl=.
Secretary, Tamil Nadu Legislarlve, Fort 5t George,

Madras - 9 Seclag.
The Chatrman, State Housing Board, 36, Mount Road,

Nandanam Colony, Madras - 35. Statehouse
Executive Engineer, Saldapet, Division,

Triplicane, Madras « 5. Tempest.
Superintending Engineer, P. W. D,

Madras — Chingleput Circle, Madras - 5. Thunder.
Registrar of University, Chepauk, Madras - 5.

; Untversiy.

Direcior of Vigilance and Anti-Corruption,

No. 8. Vijayaraghavachan Road, Madras « 17.

Vac,

Director of Indusines & Commerce,
Chepauk, Madmas - 5. Indeom,



General Informatton /5

Address Code.

Chief Electrical Inspector to Government, Electricity.
157, Mount Road, Madras - 2.

Dhirector of Fire Service, 17-A, Marshalls Road,

Egmore, Madras - 8. Firepro.
Secretary, Public Service Commission,

Guvl. Cstabe, Mounl Ruad, Madias - 2. Pubsoerenm.
Chief Engineer P. W. D., General

Triplicane, Madras - 5. Quyadamica.
Secretary to the Government, P.W. D,

Madras - 9. Quyatddensa.
Chief Engineer for Electricity,

157, Mount Road, Madras - 2. Chuvamilata.
The Chairman, Madras Port Trust. Part Trust Office,

Trust's Mew Administrative Office Buildings, Portrust.

Opposite Reserve Bank Buildings, Madrmas - 1.
The Postmaster-General, Madms - 2. Postbur.

Inspector-General of Police,
Mylapore, Madras - 4.

Director of Stationery and Printing, Nystagmus.
Government Press, Madras - 1. Orsilochus:
Regicmal Passport Officer, 12 Haddows Road,
Madras - 6. Passem,
General Supérintendent, Public Works
Workshops and Stores, Old Jail Road, Perdissiez.
G.T.Madras - 1.
Secretary (o the Govemnment of Tamil Nadu Madrasfinance.

Finance Department, Fort S5t. George, Madrmas - 9.

Secretary, Home Department Fort St. Gearge,
Giearge, Madras - 9. Madrashoime.
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1.5. LOGARITHMS
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1.7. ACCOUNT TEST FOR PWD OFFICERS AND
SUBORDINATES

Account test for PW.D. Officers and subordinates are being conductd in May
and November every year.

1.7.1. Details of Paper

1.7.1.1 First Paper (Duration 2 hours,)

Total Marks : 120
(1) The Madras Public Works Department Code.
(2) = Financial Code Vol |

(3} o Financial Code Vol 1
1.7.1.2 Second Paper (Duration 3 hours. )
Total Marks : 120
{1} The Madras Public Werks Accound Code
i2) " Treasury Code Vol. 1
{3 e Account Code Vel |l
{4 = - Vel M

{5) b Pension Code.

For First Class Total Marks 120 and above
For Second Class Totzl Aggregate Mark 96.
Minlmum marks required lor each Paper 35% or 42,
" Aggrgate marks required for passing the examination 96

1.7.2 Syllabus.
FIRST PAPER:
1, The Madras P, W.D. Code —
Chapter | {(Paragraph 50 and 59)
* f ( * 112120, 123-152 140, 147-148, 151,

157-158, 161, 173, 184, 189-190, 192-212. Z16-
220 and 222-224)

m {Paras 225.2:44, 236, 238-245, 249, 251. 253 and
257-289)



2.

3

Generul Informatinn /13

Chapter IV [Paras 290, 293-297, 300-302, 304313, 316, 328,
331-342 and 345-366)
¥ V  [Parse 367-309, 385440 and 433448
and appendices (excspt Appendix 11).

The Madras Financlal Code — Vol L

Chaptar |
"1 (Articles 7-23, 28 and 311-37),
T N, Vand Vi (At 91-112.115 and 120).
" VI, K and X1V (317, 319 and 326},

The Madras Financlal Code — Vol. Tl Appendices IV, XIV and XXV,

SECOND PAPER

1

2

The Madras Account Code — Vol I chapter 36
Tte Madras Treasury Code — Vol 1l chapter 11V,

The Madras Treasury Code — Vil Part 1.

" Rules Pan L
Trensury Rule {nstruction 2 under TR 7 (2)
{d) and 18 Instructions 5, 15 and 64-66). Treasury
Rule Il Subsidiary Rule | and Instruction (2)
Treasury Rule B and Instruction. T. B 7 (Subsidlary]
Rules 1. 2(a), 4, 5, 28, 29-52, 54-56, 6] and 63

Iestruction 3, 10, 40-43, 46, 49, 52 and 57-5E)
TreasuryRule 32{S.R. 1-4 and Instructions 3-10)

The Madraz P. W. A Code — Chapler XVI| Appendices VI & V1,

The Madras Pension Code

Please note that passing of the Account test within the probation period is
a must. Otherwise you will be peanlised.



V14 Engineens’ Guide

1.8 TABLE OF DAILY PAY

Pay per week hﬂmnpér When per Manth

or monih PBdays |29days [30days |31 days

Rs Hs, Rs Rs. Ra

143 036 034 033 032
286 071 {169 067 D65
429 A07 103 100 097
571 143 A38 133 129
714 179 172 167 161

867 214 207 200 194
1.000 250 241 233 226

1.143 286 276 267 268
1143 286 278 267 258
1.286 321 310 300 290
1429 357 345 333 323
2143 236 517 500 454
2857 114 690 B67 645

3571 B33 B62 BE3 RDE
286 1071 1.034 1.000 B68
5,000 1.250 1.207 1.167 1.129
5.714 1429 1379 1333| 129
6429 1607 1552 1.500 1.452
7.143 1.785 1.724 1.667 1613
7.857 1964 1.897 1833 1774
B571 2143 2.069 2000 1935
078G 2321 2.241 2.167 2097
10.000 2500 2414 2333 2.258
10.714 2679 2586 2500 2419
11429 2857 2.759 28667 2581
12.143 2916 293] 2833 2742
12857 3.214 3.103 3000 2903
13.571 3393 3.276 3167 3065
14 286 3571 3448 3333 3226
21429 5357 5172 5.000 4.839
28571 7.143 6.897 6.667 6452
35.714 B89z9 8621 B.333 9.065
42857 10714| 10345 | 10.000 G677
500001 12500| 12069 | 11667 | 11290
57543 14.288 13.793 13.333 12903
71429 17 B&7 17.241 16.667 16.129

R T e o Tl T SR -




II. TECHNICAL INFORMATIONS

2.1. Symbols, Atomic numbers, Weight & Melting

points of Elements
Nane | - 34 - Mame | —=lu & o
= (280 B (EER| o |EE B A

Bemet | S22 22 |F5E| Hemem | 3|23 32 PPE &
At B RO 227 Molbdermm | Mo | 42 T P
Nuominhen. | Al | 13| 2697 | 6600 | Meodpmam | Nd | 60 | 42T | W0
Anlimnny Shist | 12136 | 6305 | Neon M| b | 200183 |- 2985
Arga . A (18] s99a4 ) 1894 | HMicke Ni |28 | 5Re9 |46
Argitnibe As 3% 491 | Bl4 Tiolmm M | 41| g2ol (2500
Hatating.. M [85 | E1m g Mitrogen N | 7| 1ius]-2100
Farium ... Ba|bE| 13736 | 704 Chmiom. O | 76| 1902|2700
Uarhelium, | B |97 iy Usygen 0 | B leomo-21E8
Fleriwblium Bs| & 90I3|1280 Tallmibin Pd |96 | 1067 1554
Besrmuith B 83| 20900 | 2718 | Phosphorus. [P [ 15| 3098 | _
Baroi ... B 5| 1082 (2040 Pladinium.. B |78 | 19523 | 17735
Broemme Be |35 70916| -7.2 | Pomssiom K |19 ] 3amm| 63
Cadmium _ | Cd |48 | 11241 | 32095 | Prmethiem | Pm| &1 |(147)
Calcium Cs |20] A0008 | BH) Proacrinum: .| Pa | 91 | 231 00K
Carban C | 6| 120103700 Radium_ |Ha | 88 |22605 | 700
Cerivm Ca | 68 ] 14010 [ 600 Rheniom Re | 76 | THEIT | 3170
Cesum Cs | 551 13291 28 Bhodium . |Rh |45 | 10291 1966
Ohlonioe— | Cy |29 | 63,54 (10832 | Selenium . |Se |34 | 7896 | ..
Fuddne . | F | 9| 1900 |<223 Siliern . (14| 2806 | 1915
Gadolinium | Gd | 6% | 1669 . Sihver Ag |7 | 107880 9605
Galbem .. Ga [ 81| 69.72 20.TH] Soedllom .. Na |11 {22997 873
Clarmadom | Ge 32 | 7260 | 958 Stronbium .. | S |38 | #7063 | 7RO
Gald Al 79| T2 10620 Sulphuz & [te | 320661 —
Halnbm |72 1786 1700 Tantalum . | Ta | 73 | 180858 (3000
Fhislbim | Ha| 2| 400312714 | Tellunurm . |Te (52 [127.61 | ahD
Hydrogen . | H | 1 10080-259.2 | Teddum ., |'Th |65 11592 v
Inditm b |49 | 11476 | 1564 | Thallum T |81 |[20439 | 300
Dise ot .. 1 23 |12a92 | 114 Thetiu . Th |90 |23212 [1804)
Tt b |77 1931 jRaha Thulium Tm | 62 1678 R
Iraany - fu |26| 5585 (1539 i | P Sn |50 (118R70 | 2319
Kryplon Br |36| B37 (1570 | Tienium . [T |22 | a7.90 (1220
Lenthanum , | La |57 | 13892 | B2s Liraniom U |92 |23807 |1133
Lead P | K2 ) 20721 [32%4 | Vonadium V |23 | 5095 (1735
lahiem— [ Li | 3| 6240 186 Kenon Xe |54 11315 |.112
Maomesium . | Mgl 12| 2432 '] 660 Yietsium . ¥ |39 | RH9Z [1490
Mangemece | Mn| 25| 5493 |1260 Tiew: Zn |30/ | 6538 | 4195
Mercury Hy | 8] 200,61 AHHET | Zimonnam Zr | A0 | 9122 (1760
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2.2 TEMPERATURE.

Let F = (|emperature Fahrenhelt,
© = (emperature Centigrade,
B = temperature Reaumur, then
F

9@ 4R
= - 32 =C+R+32
= 432 - t
o - BE-—31_s°
9 4
R AF—3_4C
) 5

2.3 DECIMAL EQUIVALENTS OF FRACTION OF

AN INCH IN INCH AND MM
Fraction Inch Mm Faacion Ik Mm
1/od AN 5LE5 R 33fed {LH15625 PREL )
132 .0es L s/ ke 17/32 053125 134473
Jes i aRETS 11906 35708 054875 148908
116 BOG2S5 15875 Wik 5625 11,2875
Tl R ] 1.9R44 37 fih DSTELES 14 6B45
32 0eaTsy 23812 Taa2 (59375 150812
T 0109375 27781 3ared) UH09ITE 154781
1A 0335 31750 58 0625 158750
D04 0 15042 35719 41764 DHANhES 162719
hfa2 [0 it J9687 21732 B6HG25 166647
a4 BATIRTS 4 3556 4304 N&ETIRTS 17 Da5SR
s m1ATE 4 T625 11/16 nARTH 17AGES
E3f64 203125 51004 45/64 nInzi2s 17 Hh%4
T2 n2iR7TS i BhiRg 23/32 71875 TR ELED
15/ 04 0238375 A 47764 0734375 IARES]
14 025 £ AR00 34 075 1 LE
17764 0255625 fi 7469 A49/64 U765625 19 4454
9 028125 71437 26/32 O.7H1EL 128237
1964, 0296475 T 5406 Bl /64 DTIGHTE 20 2406
Afl6 ddTh 719375 13/16 DRIZG 206373
21504 BIZH125 B34 5364 DAZRIZS 210343
1132 LMITE 37312 27132 HRLITS 214412
R AT 91241 5564 MASS3TS 21 R2R)
38 nATH o A200 Tie 8BTS 222250
25004 390625 79219 57 /4 1} BOOLES 226214
L3532 0 d06RES 1B1H7 29732 [ o2 230187
27164 042187 167156 SRR 0921875 3455
TFis Q41375 11135 16416 09375 238125
Fo i 0453120 11 5094 fil/64 0553126 24,2084
15/42 0 46HT |1 9062 A2 B8ATE 24 6062
4160 AHAETh 123031 il /o 0984375 250041
1 s 127000 ! 1.0} 254000




2.4 METRIC MEASURES

Fechnlen! Infarmations: 173

[imear measure Squans measun Waight
Mamne mm | Name 5 mmm{ Name Grammizs
Miltrmetne | Sip. millimetre 1 Miltigram 3,001
Cent imatre 4 f1 Sq eantimene ¥ | Canitigram nol
Dieelmactre I | 5q. decimutre H* [Deciram (1§
Matre 1 Bg. owtre ot cenfiame | 1P | Gratn 1
Debonumutrd 10 Dokagram | 10
Herrametie 1 5. def@metne or Hectogram | 10¢
Kilomitre 1o o 1o |Kilogram 1F
Myriametre 10" | S5g bectomet g Myrisgram | 10

heciare 1™ Quinml 10
5. lfometre 10 Millier
Sq, myriametre o {fonne} 1w
2.5 FUNCTIONS OF 'G’
Unik of g n M. K. 5. = mtres e Unit el g in F P S = feat/mect
WMES | nFFS !_ inM K5 |1nF.P5.
g 981 Hzz log +"g 049583 (75393
2y | 1962 6.4 log v 25 1164635 (190444
v'g 21321 BaT4S 1N 0107104 figi=slile
vi2q 44295 8025 1/2g MOS0S6T) no1s528
logg 089167 I50786 | 1fv'q 031928 017622
log 2g 1.29%7 180889 | 1/v" 2g (122575 012461
g | ¥h.236 A g 94403 L1156 248

2.6 TABLE OF REGULAR POLYGONS

i § = sidw of polygon, & = radius of circomsoribed circle, r = rading of Inscribed chcle, and
A= angle formed by the Intevsection of sdes then

Mame | MNoofsdes | A*  lawa-9n | S=RX | s=r}
Trisngte 3 iyl {4430 1752 34641
Pantagon 5 108° 17206 117558 L4534
Hexagos [ 10 2 5980 L0000 | 11547
Oetagon ] 13h¢ 48284 7653 0 2R
Dieagan 10 144 75942 06180 | 06498

Asea of anyregular polygan =radius of inscribed circle X Y number of sides X length of

i g
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2.7 TRIGONOMETRICAL RATIOS

- il 1 =
Sina fsin) o Perpendiculas s Uosh cosja = hase
hypotenuse hupotenuse
Tanyent (tan) & perpendicualar o
basa s O I

Contangent feal] o = 4 Secant (sl o =

fi G o
Cosecant foosec) o - 1 Eusecail {gxsec) o — soc & — 1

50 &
Versing (hers) o = l—cosa: Coversing [covers) & — T — sin o

2.8 SIGNS OF THE FUNCTIONS

Cluadrand Sin Cog Tan Lt Sep Coser
First e + e + e + v + e + el
Secnnd + e — e —ya Ve —ve b e
el — e — + i 4wz — e
Fourth e Eve — e — e +ioe —

2.9 FUNCTIONS OF ANGLE IN ANY QUADRANT
(In terms of angles in First Quadrant)

Trigooometrical | — & 900+ B0t | 870045 | 5 {3609 o
Ely] — 5N e TCOs & Fsina ~ COS fr T sin o
(o5 +e0% i +F &ln g — 050 Faina + 05 x
tan — fan a F ot T han e T ool o T tan i
oot — el o =+ fan ‘o Frota Flann +oota
sep b zec @ Froseca - sEC @ Toosecd | —seca
CO5EC —cusecof + séc @ S COSEC O | —sec o osec o
2.10 FUNCTIONS OF 0° TO 360°
Angle | 0% 3001 45 | 600 |90 1200 | 135 | 1500 [1800] 270¢] d60r
i Of 12 112 | vi3r2] 1 g T B - B i ik ]
COs Ll vz ifvel 1/2 | o =12 |/ 2 v3a] -1 0O I
fan Dlifval 1 vig l=l o3l L9 Lyrvsl a w | g
oo wl w3 1 \yv3|lofbi/val -1 |ovid | = g [ =
E¥1 1[2rv3)| w2 2 = .2 - WE LG - = 1
tooses | 2 w2 (2fval 1 2rvi3]| ve 2 = | .k | -
S |y | v 241247
wera 0 w2 L2 ] are W2 2 2 1 0
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2,11 VALUE OF &

7= 314159 26536R9TRE23R0 6264 ZHHILTIEN [eomec] value)

logr = 04971499 | yvi@ = 444288 Vigle = (14501582
1B = 57206 ViZim= 07978846 | 1020 - 032252
/180 = [DOI745328 | &/ v'2 = 22214415 | & - SR69604
i = NANI232 vVigpidi= 12533 7 = 31006277
Ifv'e = 05641896 v = Lyah P 1 aad0z2
n AN i nfm 1 win hvie
1 314159 |-3,14159 031531 08669 98G5 19785
4 628318 | 1.57080) hbdsed | 187372 49348 354459
3 942475 | 101724 (L9549 | 2985088 3. 2H0G h3Ira
4 1256637 | 0785398 | 1.27324 | 394784 24674 TOROR
5 1570760 | D628319 | 9IRS | 493480 19739 B.B623
& 1884956 | 0523599 | 180986 | 592176 16449 | 106347
T 2199115 | (4487949 | 222817 | GO.08T2 14099 | 124072
B 25.1_32?4 0392800 | 254648 | TROSGH 12347 | 141796
g ZH.270343 | 0349066 | 286470 | BERIAG 10966 | 159521
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2.12. SOILS WEIGHT AND ANGLE OF REPOSE:

Weight in Angle of repose

Mature of Sail kafcu. m. in degreeas
Dry sand 56to 6.2 40 to 35
Darnp sand 6.2 to 7.0 35
Wet sand T0t075 2510 26
Sand dry.and consclidated 7.5 35
Vegetable earth dry 5.6 y 20 to 30
Vegetable earth moist 621070 45 to 49
Vegetable sarth wet T0teT5 15t 17
Vegetable earth consolidated anddry | 5.4 44
Clean gravel 5.6 440
Gravel and sand 6210 7.0 2610 30
Rubble stone 6.2t0 7.0 45
Dy clay 7.5 090 30 |
Damp clay 7510 14 45
Wet clay 7510 10 15
Mud 62t Th a \
Aishes 2.5 &

|

4z o e | 2
Informula P= il Xeosa oo e i = KX i
2 cosa+ v cost o —costog 2

Value of K-can be chtained by the following table directly.

laif¢— 1b? 20° 257 30- e 44" 45" ‘

100 0.70 | 057 | 046 | D37 | 029 | 023 | 017
20¢ — — D54 | D42 | 032 | 025 | D19
o - - — 049 | 037 | 027 | 021
30° - - - — 044 | 032 | 023
e == - - — - D39 | 427

a0 | — | — | — | — | = | = |03
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2.13 CONVERSION FACTORS

Muldply by To convert Te

254 Inches Centimetres

3048 Feet Centimetires

0914 Yards Meires

16093 Miles Motres

645 Square Inches Square ceniimetres

04093 Square feet Square metres

(1.839 Square yards Square metres

1639 Cubic inches Cubic centimetres

283 Cubic feet Litres

6.24 Cubic feet Gallons

0765 Cubic yards Cubic meires

0.3732 Pounds [Troy) Kilogrammes

3L.10 Ounces (Troy) Grammes

04536 Pounds (Avoir.) Kilpgrammes

508 Hundredweight Kilogrammes

101650 Tons Hilogrammes

4 546 Gallons Litres

10 Gallon of water Pounds

454 Pounds of water Lityes

703 Pounds/sq.in: Grammes/sg.om.

23 Pounds/fsg.dn. Head of vsater (fi)

0.7 Pounds/sqin, Head of water {m)

0.068 Poundsfsq.in: Almospheres

1575 Pournds/fsgin. Kilogramme/sg.mm

4,883 Pounds/sq.ft. Kilogramme/sg.m

1602 Pounds/cuit. Kilogranme/cum

.0995 Pounds/Gallan Kilogramme/Litre

33.000 Horse power Foot pound /minute

88 Miles/hour Foat/minute

197 Metres/second Foot/minute

1488 Pounds oot Kilogramme/melre

3333233 Tonsffoot Kilogramme/metre

10936 Tons/sq.ft. Tonnes fsn.metre

48 505 Gallonfsg - Litres/sg.meitre

258 Inch-tons Hilogramme-metre
To Ta conpert

03937
0.0328
1.094
0.000621
01556
10.764
1.196
0018
0.0353
01602
1.308
2.68
083216
22045
001968
0.000984
0.22

01
0.2202
00142
0434
14285
147
0.635
0.205
00624

1002

n01134
0.00508
0672
0.00033
0.0914
0.0204
00387

Muitiply by

1
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2.14. CONVERSION TABLES

2.14.1 Rate per 100 R. Ft. to Rate for 1 Metre

Basud v HOOR fr =30 48 M & 1 M =323084 K 1t

R /100 0 | 2 4 4 5 L] 7 s ]
R ¥ Rsi Cu.m
o |a 005 | ob7 [ 020 | 013 | 01s | 020|023 [ 626 |0an
101033 | 036 | 0a9: | 042 | 0de | G4y | 052 | 056 | 039 | oeZ
20 066 | 089 | 072 075 | nT79 |08 | oss | nRe | oeR | oo
80| 4me | oz | 105 | t0d [ 112 | 1a5 | 138 | 121 | 125 | 1e8
40 131 135 [ 138 141 1aa. |-raa 151 1ag' | 157 1A
B 164 | LeF | LI | L7 | v | mo | lss ] 1E7 | den | i
BU 157 | 200 | 203 | 207 | Z10° | 23& | 297 | 220:| 223 | 228
| 2sn | 233 236 | 240 | 243 | 246 | 249 | 253 [ o5 | 25
80 | 262 | ‘266 | 260 272 274 (279 | 282 | 295 | 2k | wap
97| 205 | 200 | sgac) So5 | a08 | 33z | ga5| 508 22 | 325
100 | A2k
2.14.2 Rate per 100 Sq. Ft, to Rate for 1 Sq. Metre
{Bagad an 100 <4 ft = 9.2903 54 m)
Ba, 100 ] 1 2 e ] & i 7 ) o
syt Bel sg. m
0% ot § 02z 652| oas | ose | mes | oes| oss | pog
Wy | Eo8 |18 | LEsof 140 sl | Lel | E7FR | 1s3] ama | 2
200 250 226 | 239 | cgag| 258 oe¥ | 280 | zor) anr | 3ag
0 | 323 | 334 | 344 355 3B | 3TE | aHs | zos]| 4ng | & 2
4 | 431 441 | #5241 463 | 474 | dna | 495 | 506 1T | 507
ol 538 | 549 | ssi] 570 531 82 | eud | el AR | B3k
61 | Ban.| 657 | &R7 | AIR| 639 | 7op | wie | rer| 7mz| 743
701 7R3 | 64| 775 78| 747 | BOT| Ri8 | s29| 840 | 8s0
Bl | BBl | @72 | 883 | wox| 93 | a1a | 925 | 934 947 | o5s
90 | 9% | 980 | 99 {1001 108E- 1) 1043 | 1045 1055 [1nes
k- {1066 =
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2 15 AREAS OF PLANE FIGURES

A = Argo

1. Square
A=yl

= g

d=av'2

j—— B =t

4. Right-angled triangle
A =Ykbe
a=v B+

5. Acute-angled trisngle

h = T+ b
gy LT

Zc

Ifs -ﬁlﬂﬂ-+h+ﬂ,ﬁ'lﬂﬁ
A = [ss—a) g—b) —d
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6. Obtuse-angled triangle

A=.tj i Ju*—-{b’_n!_ﬂlz

2 2 2
Ws= 1%la+b+c) then
Aw=  Jsl—a) l—b) s—e)

7. Trapezoid
fa+blh
A=—0
2
B. Trapezium

4 (H+hja+bhtcH

2
If the skles of trapezium and length of dash line
are given the trapezium can alse be divided Into
two trtangles as shoun. The areas of twe triangles
15 computed and added tn obiain the reguired

area.

9. Regular polygon
o MNooof sides

A= nar _ na 7 a?
2 Fi LI=

Be fp3+® .r=‘¢"ﬁ"_ ‘:'_I_:
q 4

a= 2 -7

10. Circle

C =  Circumference
ng*

A s
4

C= Z2or= zd
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11. Sector
A = Yol = Yo' (@ in radians )
a O a
=ur . === -
60 &0 4
f=“ 2 - 4 4 wd
360 360

12, Circular segment
Aq“[ﬂ—cff_hj]

a fi° P
= =h [Z24=c=2¢{h(2r—h)
3 4¢. B
et + i’ '
- i het —% Jar — gt
&h

13. Circularring

A=yg(R'—rY
=L (P—d]
4

14. Circular ring sector
A .r (R*—1r)
i

- - (Dy—d)

15. Spandril or fillet
a=r(1—=)
4

T
A '

/!
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2.16 VOLUME & SURFACE OF SOLIDS
V = Volume
C = Curped Sorfoce
S = Total Surface

L = Lateral Surfoce

s, r 1. Rectangular prism
,___\‘1.‘ I V=abc
o N LN R
| ,‘-h & = o (oh+be vea)
A 1 In case of cubes puta =b =c.
: 2. Prism
T4 L V = h X area of end

§ = 2 X area of end + h X perimeter of end
L =i X perimeter of end

- c.-_h...._..,._.__.*

3. Pyramid

V' =1k X area of base
L =% X perimeter
S = +areaofbase

4. Frustum of Pyramid

A7 ﬂq=ﬁmanfMp;F|@Ferhueternltop
Az = Area of base; P; = Perimeter of basa

V=%lﬂf +Ar+JA Az )
L=4uP +P1]K5‘an1hﬂ:ighl
S=L4+ A +As

5. Wedge
(2o + c) bk

6

=

6. Cylindrical ring

V=R, 2mr
S=2xR. 2mr
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Cylinder

V = mrih = Wmd*h

s C = 2urh = mdh
S=mrfr+2h)=ud(Ved +h)
Frustum of Cylinder

V = Vemr* (hy + ha ) = Yoed (0 + bz )
C = wrlnrfis) = And Dngehed

9. Frustum of Cylinder
V=(%a*+bXarea ABC )

=,

h

D

reb

C=(od tbhXarc ABC)

rth

Use + when base are is larger, and — when
N pa— base area is less than one-half the base circle,

o e me +i- T-| 10. Hollow Cylinder
| ‘}"f_ @ Ve=uh(R —¢)=Yirh (D*— dY
oo e C=2n.h{ﬂ+r}ﬂ-h|"ﬂ+dJ

S=2mh (R+r)+2n (R —7)

Cone

Vo= Lamrrth = 1/24md'h
C == Y%ml
S=ur{l+r)

= VREF+R

@ 11.
. 12, Frustum of cone
@ V = Yrh (R* + 7 + Rr )
C=wni(R+r)

v s S=n[R+r+(R+r)l]

.I-..-.—_... ___I

_-'"'1---_

=kl ey
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i3.

18.

14.

15.

16.

17.

Sphere
s L
3 [
S =dp® =mP

Spherical sector
V =Sarh == nd'h
S=mrfeh+ttc]
ce=2 Vh(2r—h)

Spherical segment
V=—t-mh (4 h)
C = Zorh
S=w(irh+5c)

ct+ 4h?

r=

&h

Spherical cone

V= mh (20 +2H + 4 )
O =2mh

§ = 2mh +—ma? +—b

Spherical wedge

= Bt prind nu:ﬁ
¥ 360 2 incey

Spherical Shell
V=—Eg(R—r)="tn(D—a
S=4u(R+7)=n(D*+d')

= @2 vV hiZr=h)



2.17 WEIGHT OF ENGINEERING MATERIALS

BNRREBRESS

Aluminium sheet (per | mm thickness)

Asbestos Boad

Comugated or Trafford sheets
{6 mm thickness)

HFat sheets (6 mm thickness)
Bitumen

Brass

Bricks

Cement

Glass

Timber

Cali

Copper sheet (Per 1 mm thickness)

Chromium
Copper
Copper wire
Fine brick
Five clay
Gold
Gravel

Gun metal
ice

Irdiumn

Iron ore
Wrought lron
Pig iron
Cast lron
Lzad

Lead shee (Per 1 mm thickness)

Technical Infurmations

]

2.8 kg [ sqm.
243 kg [/ cum.

17.08 kg [ sgm.
12.21 kg /sqm
1340 kg / cum.
8550 kg f cum.
1600 kg / cum.
1440 kg / cu.m.
2560 kg / cum,
720 kg focwm,
240 kg / cum,
B.69 kg /cum.
£.B48 kg / cum.
8938 kg /cum.
8891 kg / cum.
2083 kg [ cum.
2243 kg / cum
19224 kg / cum.
1800 kg / cum.
8780 kg / cum.
913 kg J cum.
22428 kg / cum,
3813 hg / cum.
7700 kg f eu.m.
7200 kg / cum.
7650 kg / cum.
11374 kg [ cuam
11 kg / sqm.



Hiza

=89

a2,

36.
37.

40.
41.
42

-5
28
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Engineers Guide

Cement mortat
Limné mortar
Castor cil
esel
Turpenine
Petrol
Platinum
Pliwood (Per 1 mm thickness)
Porcelain
Hubber
Sand
Siluer
Steel
Comugated
Steol sheate Galvanised aa lsid
16 Gauge (Big)
18 Gauge {Big)
20 Gauge {Big)
22 Gauge (Big)
24 Gauge (Big)
Granite
Marble
Laterite
Lime stone
Zing
Zinc sheet (Per 1 mm thickness)
A C. Sheets
Brick mascnry
Concrate
Mangalore Tiles with Baiters

Random Rubble Masonry in LM or CM
Coumsad Rubble Masonny in LM or CH

Latedite in L. M.
Cuddappah Slab
Rain forced concrete
Water

2080 kg / cum.
1760 kg / eum.
960 kg / cum
960 kg / cum.
865 ka / cum.
69 kg / euamn.
21499 kg / cum.
0,70 kg / eum.
2355 hyg / cuam.
60 kg / cum.
1600 kg [ cum,
104.93 kg / cum.
10493 kg / cum.
7800 log / cum.

16405 kg / cum
13.085 kg / cum.
10.204 kg / cum.
B.398 kg / cu.m:
6.933 kg [ cuum
2640-2800 ke / cu.m.
2620 kg / cum
2080-2400 kg / cum.
2650 kg / eum.
2464 kg /oum
71 bg f cum

17 kg / eum.
1920 kg [ cum.
2306 kg / cu.m.
69 kg / cum,
2240 kg [ cum.
22480 kg [ cum,
2000 kg / cu.m.
2720 bg [ cum.
2400 kg [ eu.m.
1000 kg / cum.
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2.18 COMMON STEEL TABLES FOR SQUARE
‘,I!\ND ROUND BARS

Based on (.7843 kg/cm” per mere or loft of Steel = 490 ibs

Dia/ widthl Welght per metre Swctional Area Perimeter
0o o ol 4] o o
. kg ka. om® e’ em. &,
50 0.20 nis 0.25 0,20 24 571
85 0.24 019 030 0.24 2.2 173
6.0 028 22 036 1,28 24 188
7.0 038 .30 049 D38 28 220
80 050 39 0.54 0,50 32 251
9.0 0.64 0,50 nal 0,64 36 2R3
10 0.78 0.62 1.00 0,79 4.0 3.14
11 095 0.75 121 0.95 44 346
12 113 0 R9 144 113 48 377
14 1.54 1.21 196 1.54 56 446
16 2.01 |58 256 201 64 503
18 254 200 324 2.54 72 565
20 314 247 | 4no 314 80 628
22 380 298 484 380 28 6,91
25 491 385 625 491 100 785
28 6.15 183 184 616 112 R.80
az 204 631 10,24 g4 128 10.05
36 | 1017 7.99 1296 | 1018 144 11.31
an | 1256 9.86 16,00 1257 160 1257
45 1590 | 1249 | 2025 1590 180 14.14
50 1962 1541 2500 19.64 200 1571
56 | 2462 1934 | 3136 | 2463 224 17.59
63 3116 2447 3169 3117 252 1979
71 3957 31.08 5041 35.59 284 2231
BO 50.84 1046 &4 00 65027 320 25.13
90 | 6358 | 49.94 8L.O0O | 6362 360 | 2827
100 | 7850 | 6166 | 100 7854 40.0 3142




Englisers' (inle

18

WD NI SONIDVAS NIAID NI SHVE 40 VINV 612

IGE &EW IEEL UG e i BT St [~ %] et w s Lo ar
GRS TH -1 L S T S Py &L aiw e L W e BE
w2 oLy EREL SN L5 ] g =5t T ] M NiE (LA B e
TrEl Rl AILE AN L Y Ty ey e W Bn W
K1 i) e Rl ' it R i b e owe s HEY 7L
ed  paad ooweer NE) I T o' cre by avg H Pl it
MIGE BRSSO 0T Eol FTs | o €% [ T [ T I [2
ROEE 66 IE LWl ROEI i hile BEL nEs oy OEE T ol B
alish I2E  BLWE Kb WL I Cirs iRt By 162 ga1 Gt i
HEDE CEOET  EWEI DRl WOED BLé o] 265 L e EET B 97
L3 oM Dl END  SZT &t s ot R it W £l o
190E - 09uF  egOr WOl 0E1 oot e Ten e i 602 i b
6B LrWE MIIE O WN1 WWER LAt BLE &% Iy I e ra £2
SN SALE TCEE  BEEL BER 5 ¥ia i # T HEE BZ1 z2
OERE  Buad ACGE LTRL el EL & e EEL a5h i g i 12
1Z0F  ALUE  WERE WERT LG rezi ol G Wy Kt 153 il =
CEEF  IVEL WA oR  Gw oM BE0l D1 06 Eis e [ K1
Ho®p  ilEeE  EELE LR o' Vb P S HEa UEp T 51 45
1) TE W LYME T =i LAl Edil s mY oy T W fal
izes  WrEt O wDE  WEr el osSi lox BSe Vg "ﬂ- BIE L1 o1
FITE SOty ZEIR WS WG ERT st ot '3 ' ST ¥t 51
vy EEMF  RONL  NED  WPEZ O NTHD 9TE OB WIR 1oy par o ]
S¥IF  ITiF WL WA LW 15E1 dwsi WL W Wy ey Lre i
HE TE1R Thaw Wik L Il L I ard Lk Gl SET [
TE0L  Bawd 200  WIPE W§EE | O FTER RRWT ARl RS W'y Lt i 1L
IVIE 4fW) G0E WEED  BNIR o EweR irse  sewk Wil 9 e e i
SRR EAEN.  ROwl kP NERE | CEmE wpER ot S RiE BES P &
gE001 . dedl  ohle R MT6E- O RIC TSR dEMY A EHe [ e 4
BEMT O SAiN ZIDL PS. WSV SO IiWE A6IE MDD I §VL i s
MM EYTDL 18N 9£EY wee I¥Ed €8 = Wi- i E [l liw L
GITON!  SIRR] AUWm poag s oEgs  lEay b i rest 001 995 5
15 BZ o w iz € ‘&l ¥l 2 ot # 4 =
WL ELL AT Hie BRIOVER
iy sToy s s s



w19

Technical Informaniaons

ASEOZ SHO9T SUEST LT®6 209L €8€9 6805 120k ABLOE 29228 045t S00T 996 oz
BEE61 08291 66911 9266 E2IL 6965 HEBY OZ'WE  VE6Z BVIZ Z6E¥L 596 488 61
TZE8L 9L%P1 EROIT SERE EW89 S99 0d9F 6198 OLL2 SE0E ETVE MO BO'G B
EOELT EZL9BT L9'M0T WMER  Z9%0 OFES 928k BIWE AT92 ZZ6L  SEEI  #SB Oy LT
99E91 8981 2UWH6 VSBL ZEO0Z 9205 ILOP LUEE E9¥Z 60B1 9521 BOR FATE 91
89261 E9020 9826 E9EL Z0LS 2L LI'BE ST0E 60E2 9691 8L11  ¥EL LA af
0Sarl 65211 0298 2485 1265 B6EF 29GE FPIEE 5912 £EEl 6601 EOL S6°E ¥
48261 STP0T 008 1865 I¥eb A0 B0EE €12 002 OL%T 1201 es9 IS E £l
Frgdl 199 68CL 0685 T9%r 69LE €508 2Iv¥E LPBT  LSE]  EVe E0% 6E°E 21
96111 vrRR ELL9 66ES  IWTE S9ME  G6LZ  ITEE E69T  PWEL  E9H Z5% ITE 11
gL101 208 4STS 206k 10BE IVIE  ¥WSE  O108 6EST  IEIl 5B ey F- 5 ot
0916 BEEZL I¥SS LIMP IZWE LZBE 0622 oO8BI SHEL LIODD 90L% 25 % voe [
EVIE +PEVYI 96k LZARE IVOE EIGSZ SEDZ  BOST  IE€EL  B06 829 i 92 B8
gEll 6295 Oreyr 9% 0998 6612 18U L0%T L0l 164 6¥ 5 156 i1 (4
LOl9 <28y P69E SPBRE 0822 SERL  SZGl 9021 EX6 8L9 Ly 10€ 691 9
6805 TZ20F BLOE VSw¥E 0061 OLST EL21 9001 69L ko] Z6E 192 Wi g
ILDS L1228 E9¢E  E9B1 0291 9521 L1010 08 19 5% fie 0z ET'T k)
ES0E ZUPE L¥BL ELM1 OFID  EZV6 E9 L E0'9 9% 62E TEZ 05t bEO k-
CE0E  BO9L 1EZL 'S 09L 829 B0'S Gy LOE S8 LS5'1 0ot 850 &
B8l0T +08 91’9 e 08E ¥TE ¥SE e PaT ETL {41 050 820 1§
9g 2E ae 92 o oz a1 a9l ¥1 gl o1 8 9 1
L) A atey) Sep joeN

zIWD NI SHVHE 40 HIGWNN NIAID 40 SVIHVY 022



/20 Engmeers” Guide

2.21 WEIGHTS OF STEEL SECTIONS

OCTAGONS
Sections Weights (kg/m)
in inches TATA HSCO H:S,
% in 2.36 - -
T in 321 11 =
1 in 419 — —
1'5in 530 — —
1% in 657 - ull
14 in 943 P St
RAILS

20 Ths fyard — o992

24 lbsfyard — 1191 -

30 lbs/yard 14 88 1488
B.5 50R — 24 .80 -
B.5 60R — 2976 2976
B.5 THR — 3713 -
B.5. %R - 44 61 44 61
B.5. 90 Bullhead — 4461 —
B. 5. 100 Bullhead — 4960 -

RIBBED REINFORCING BARS
12 mm 0.89 — -
16 mm 158 - -
18 mm 2.00 — -
20 mm 247 — -
22 mm 298 — -
25 mm 3.85 = 2
28 mm 4.83 — -
32 mm 641 - -
36 mm 795 — -
STEEL SHEET FILINGS

400 = 180275 49.25 — —
{INP5 1021 Z)
437 x172x 13 65.37 — -
({ISPS 1625 U)
A58 4 194.5x 14 82.70 — =
(1SPS 2222 1))

Mote:— TATA:— Tata Iran & Steel Co, Ltd.  H. 5. Hindustan Steel Lid.
SCO:— Indian Iron Steel Co, Lid.
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) __ 2.22 WEIGHT OF FLAT IRON
Based on 0.7843 ka/cm%metre or I ofi of Steel = 490 Ibs.

-

Thickness In mm
Width

in mm § &5 [ T g 0 11 12 14 16
Weight in kg per metre

12 |05 (05| 06| 07| CGB| 09 LO| 1.1 | 1.3] 15
16 |06 | 07| 0B| 09| 10f 13| 14| 16| 18] 20
20 0B 09 | OB 17| 13| 16| 17| 19| 22| 25
25 |10 1112|1416 | 20| 22| 24| 27| 81
32 |13 | 14|15 | 18| 20| 25| 28| 30| 35| 40
40 |16 | 17| 19| 22| 25] 31| 35| 38| 44| 50
50 |20 |22| 24| 27| 31| 39| 43| 47 | 65| &3

63 |25 27130 35| 40| 49| 54| 59| 69| 79
g0 | 31| 35| 38| 42| 50| 63| 69| 75| 88100
100 |39 | 43| 48| 55| 63| 78| 86| 94 110|126
125 |49 | 54| 59| 69| 78| 958|108 |11.8 {137 |157
160 | 63| 69| 75| 88 (100|126 |148 [151 [ 176|201
200 | 78| B6| 94 [110|126{157 [17.3 188|220 |25.1
250 | 9.8 (108|118 1137 155 [ 19.6 |216 |236 | 275|314

2.23 WEIGHT OF STEEL SHEETS AND PLATES
Based on 0.7843 kg/cm® per metre,

Black Sheets Flatas _ Chequered Plotes |

Thickness Wt.per =q. [Thickness 'Wt.per sq. [Thickness Weper sq.
inmm BG. metreinkg! Inmm mebeinkg| Ihmm metrein kg,

315 10 2470 B 392 7 hl.l
250 12 1961 7 56.0 10 846
200 14 1569 10 185 12 1003
166 16 1255 12 94.2

125 18 9.80 14 1099
Log 20 7.84 16 1256
pso 22 6.27 18 1413
D63 24 494 20 157.0
050 26 391 22 1723
(hd4 Z8 310 25 1962
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2.24 NOMINAL WEIGHTS OF G. I. SHEETS
{Based on IS 277-1963 revised)

Flainand corrugated steel sheats, produced by hot dip galvanizing process
shall be of the following four classes -— '

Clase 1 — Extra heavy coating of zine, nominal 750 g/sqm.
Class 2 — Heavy coating of zing, nominal 600 g/sqm.
Class 3 — Medium coating of #inc, nominal 450 g/sg.m.
Class 4 — Light coating of #ing, nominal 375 g/ sq.m

In the corrugated galvanized sheets, the depth of corrugation shall be
18 mm. and the pitch shall be 75 mm, The number of corrugation shall be
#or 10 per sheet. The sheets are available in two width of 30 cm and 75 em.
Each width is available in lengths of 18 m, 22 m; 25 m, 28 m. 32 m.

Weight of sheets in kg/sq.m.
Thickness =
[n rrim. Class 1 Clags 2 Class 3 Class 4
1.60 13.31 1316 13.01 1204
125 10.56 1041 10.26 1019
1.00 #60 245 8.30 B22
(L80 TG [S3ata) 672 666
.63 570 5.55 540 532

2.25 DIMENSIONS OF A. C. SHEETS
(Based on [S 277-1963 revised)

Firchol Depthof | Overall Effective | Nominal | Length of
corrugatlon corrugation | width width thickness | sheets
in in T i mm in mum in mm in metras

Corrugated sheets

146 48 1050 1010 & 1.5, 175,

146 43 1050 1010 7 2R225

25,275

Semi-corrugated sheets and 3.00
338 45 1100 1014 G
3348 45 1100 1014 7
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2.26 WEIGHT OF G. L PIPES
MNaminal welghts of Black Tubes 1o IS 13249/58
Intamal Light Mexdium Heaw
diainmm | Kg/M [ M/Ton | Ka/M | M/Ton | Ka/M [M/Ton
b Sed 2747 410 2439 496 2016
A 521 1919 hid 1524 773 1299
10 BEQ 1470 58 1166 1.03 o7l
15 D61 1ein L23 B13 146 GH5
20 142 704 | 159 629 | 191 524
25 | 203 493 | 246 407 | 299 3
32 | 261 353 | Al A6 | 387 254
q0 | 329 304 | 365 274 | 447 224
50 | 418 239 | 517 193 | 624 160
] 597 169 b.Gd I51 #.02 12a
B0 [ 4698 143 | H.64 16 | 10.3 2.1
9 | 892 112 | 990 Hn 118 847
00 (102 98 | 124 806 | 147 68
2.27 WEIGHT OF P. V. C. PIPES
O [ |Pressure | Wall T B, Weight Metres tonne
inmm | kgfem® |thickness | lnmmm ka/m Waeighs
(=] 10 L300 134 1085 11365
20 10 130 174 011 9359
25 10 160 21.8 167 5.988
32 10 200 250 0.268 3331
L8] & L.60 36.8 0.274 a5l
50 6 190 46.2 0108 2451
63 4 I.7a 96 (465 2451
63 6 245 531 (L66E; 1311
T2 q 2.00 1.0 {651 1.536
5 [ 285 693 1917 191
90 4 235 B53 0917 1.0
50 6 340 832 1313 762
110 4 275 104 5 1315 7et
110 [ 4.00 1020 1.891 529
¥25 4 3:15 1187 1712 384
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2.28 SAFE PERMISSIBLE LOADS ON DIFFERENT
SOILS

{Azsuming Foctor of safely os 2)
Safe load in
Ma, Dascription Tonnesfsq.m. Tans{SH
L | Soft, wet pasty or muddy clay
and marshy clay 2710 36 0510033
2 | Alluvial deposits of moderan
depths in river beds 2210 38 0.20 1o 035
3 | Alluwial clay in beds of nvers 38w 109 0,35 o 1.00
4 | Black cotion sl 5510 B2 050t 0.75

5. | Alluviol ganh, Inams. sandy loams, B2 164 0750 1.50
(ctery, and 40 to 70 per cent of
of sands] and clay loams clay and

aboiut 30 per cont of sand)
6 | Moist clay 1090191 100 1o 1.756
T | Compact clay nearky dey 2191273 204 1 2.50
8 | Sobid clay mixed with very fine sand 437 4.00
9 | Diry compact clay of considerable
thickness d2.B o 54.7 3.00 0 500
10 | l.oose sand |n shiting river 16410273 1.50 o 2.50
beds, the safe load Increasing
with depth
11 | Silted sand of uniform and firm . 3830437 350 1o 4.00

character in a nvar bed, secure
Iram scour, and at depths below
25 feat

12 | Compact sand | 21910 328 200 10.3.00
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1 2 a 4
13 Compact sand, prevented from
spreading 54.7 10 B2.0 [5.00 to 7.50
14  Sandy gravel or kankar 21910328 |2.00 t0.3.00
15 Sandy gravel, but campact, dry 43.7 to 65,6 |4.00 1o 6.00
and prevented from spreading
16  Very firm, compact, sand al 65610 76.6 |6.001a 7.00
depth not less than 20 feal
and compact sandy gravel
17 Firm shale protected from 65.6 to B7.6 16,00 10 8.00
weather and clean gravel
18 Compact gravel 766 to 98.4 | 7.00 10 9.00
19  Rock From laterite |2 (o 25 tons
22 tonnes to and
granite 273 upwards
tonnes and
upwards

2.29 COEFFICIENT OF MEASUREMENT FOR

PAINTING (Based on MDSS)

Batten doors and windows

Panel doors and windows

Panel and venetian doors

Panel and venellan doors with glazed top

lron barred doors

lron barred doors with batten and sheet

Batten windows with Iron bars

Venetian windows

Venetian windows with iron bars

Venetian windows with glazed top and lron bars
Venetian windows with iron bars and glass shutters
Glazed windows with lron bars

Glazed windows withaut lron bars

Glazed shutters (measured over shutters only)
Weld mesh
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2.30 STRENGTH OF STORED CEMENT

Fresh Cement
After 3 months
After 6 months
Alter 1 year
Alter 114 years
After 1% years
After 130 years
After 2 years

T

1 00%G
BO%
15%
7%
B5%
6%
55%
¥R

'2.31 PRODUCTION OF COLOURED FINISHES

{Bused an [§ 269—1965)

Approx. quantity of?
pigment per 50 kg

by of white cement

Crilowur desimd Figmant to be added inka.
Light Medium
Shade Shade
Giray, blue-hlack and Germantown lamp black ar|  0.27 0.55
black Carbon black or .27 .55
Black oxdde of manganese (L55 1:10
ar Mineral black 0.55 110
Blue Ultramar ne blue 270 4:45
Brownish red to dull Red oxidz of iron 2.70 4 85
brick ved
Bright red to vermilion | Mineral turkey 270 485
Redzandstonz ta Indian Red 2.70 485
purplish ted |
Brivwn ta reddish brown | Mefallic brown (oxide) 270 485
Bulf, colonial tint and Yellow ochre or 270 485
vellow Yellow axide 1.10 340
Grizen Chromium oxide or 270 550
Greenish uliramarine blue 325 —
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2.32 PHYSICAL REQUIREMENTS FOR
VARIOUS CEMENTS

Property g

Low heat
Blast fumace
cemeni
(15 455—1962)

Porlland cermen

{15 2659—195H)
{[S 269—1958)
Pozealarncement
(15 14R9-=1962)

Chrd
f
Rapld hardening
Pomiand cement

tn
I
[y
=
—
=

l. Fneness - Maxdmom residue by 10
weight on 1S 90 micron sleve

{percemt)

Minimum specific surface by air | 2250 (3250 3200 (2250 (3000
permeability method in gm/om®

2. Setting time in minutes
Irsitial (Min.) 30| 30| &0 30 a0
Final (Max.) a0 | 600 | 600 | 600 | AOD

3. Minimum compressive smength
of 1:3 cernent sand mortar

cubes in ka/cm®
At 1day - 115 | — - _
At 3daws 115 | 210 70} 115 | —
At 7doys 175 |— | 15| 175 | 140
At 14 dais - - - - 210
At 28 days =/ =" | |iasena

4. Minimum tensile strength al
1:3 mortar briquettes kg /cm®
At 1 day -
Al 3 days 20
At 7 dayy 25 | —

EE‘
[
58
|

5. Soundness
{a) Maximum expansion of
unaemabed sample (mm ) 10| | w| 0] 10
(b Madmum expanslon of
aarated sample (mm.) 5 5 5 5 5

6. Maximum heat of hydration in
In cal/gm;
At T days - - 65 |— —
At 28 days = |= 75
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2.33 DIFFERENT TYPES OF CEMENT

By shightly changing the chemical composifion. it Is possible to obtain cemeant
exhibiting the desired properfies. Crdinary portiand cement is good for all
construction works except where sulphates are present in the soil or ground-
water leading to expansion and breaking of concrete, knoun by the term
“sulphate action”.

2.33.1 Rapid Hardening Portland Cement (R.H.P.C.)

The rate of setting is the same as for OP.C. Fine grading and increased
tricalcium silicate content ensure seven days strength of O.P.C. to be obtained
in three days. Where farm wark is 1o be removed early, for winter concreting
and urgent repair works, R.H.P.C. is used. It should not to be used for mass
concreting due to the high rate of heat evolution. It costs 10% more than
ordinany portland cament

2.33.2 Quick Setting and Extra Rapid Hardening Cement

By intergrinding 2% by welght of calcium chloride with RH.P.C., high early
strength (25% more than R.H.P.C }and quick setting (5 to 30 minutes) can be
achieved This cement is used for cold wealher concreting and for under-
water concreting works.

2.33.3 Blast Furnace Slag Cement

When granulated blast furmnace slag (s mixture of lime, silica and alumina)
obtained asawaste product in the manufacture of pigiron, Is interground
with portland cement clinker and mixed to & proportion of 2:1, this special
cement ismanufactured. The rate of hardening is slowerand hence the heat of
hydrationisless It is resistant o sulphate action and is used for mass concrete
and in sea water construction. Trief cement ls another version of this special
cement produced by the wet grinding process.

2.33.4 Low Heat Portland Cement

The rise of temperature in the interior of mass concrete will lead to sefious
cracking, Lowering of the heat of hydration of cement can be obtained by
increasing the proportion of dicalcium silicate and reducing tricalcium
aluminate and restricting tricalcium silicate. The development of strength is
slow but the ultimate sirength is the same as that of portland cement.
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2.33.5 Sulphate Resistant Cement

Two per cent of sulphate in soil or %% in groundwarer reacts with cement
leading to the formaton of supho-sluminates which have expansive
properties and couse disintegration of concrete By restricting tricalcium
silicate lo 5% and grinding to a fineness higher than O.P.C, high resistance to
sulphate action Is produced, Early strenath is low but the ultimate strenath is
quite high. Carbonisation in alr gives a hard surface to the concrele, It is
expensive and |5 used in sea water construction and for struetures in sulphatic
sail

2.33.6 White Portland Cement

Restricting the iron oxide to less than 1% ts useful In avoiding the eharacteristic
grey colour of cement. Byadoptingan oil fuel lor burning and using chalk with
alowiron content, white clav or “snow erete” is manufactured. This forms the:
basetor coloured cements uzed in the manufacture and joining of mosaictiles,
temmacolta, etc, Coloured portland cements are got by adding strong pigments
up to 10% to OP.C. Light colours ean be got by adding pigments to white
partland cament.

2.33.7 Natural Cements

Naturally occorring cement rocks miy be burnt and used as natural comant
but the properties may vary and be quitte different from O P.C

2.33.8 Super Sulphate Cement

This form of cement is made from well granulated slag (80 to 85%). calcium
stllphaty (10to 158 and O.P.C. (1 to2%). 1t sets quickly, the heatof hydration
4 lowand it1s highly resistant to chamical attack. Itcan be used lorall purposes
withat mising with other cemenits o admixtures.

2.33.9 Masonry Cement

Composed of portland cement clinker, limestone, gypsum and an air
entraining agent. masonry cement has the advantages of fattiness, high
workahillvand retention of the mixed water from the sucking action of bricks.
This 4 used extensively in masonty works.
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2.33.10 Expansive Cement

Concrete shrinks whien it sets. For repair work, this is a dissdwantage. By the
addition of an expansive agent — ralcium sufpho-aluminate up to 5% —
expansion up o 12 to 15 mm/cm can be got. This can be used (or prestressing
and for setting right the damage due to settlement, etc.

2.33.11 Special Cements

For lining of oll wells where cement s lo harden quickly and possess pumping
qualityfor three hours working at a pressure of 1400 kg/em?2 ata temperalure
of 150°C, special oil well cement. making very litile use of tricalcium silicate
and retarders s used. By adding agenis like stearic acid, clelc acid and boric
acid fo O.P.C. during grinding. hydrophobic cement is produced which does
not lump during storage. Waterproof cement is produced by adding
substances ltke calelum stearate or sluminium steaate o Q.P.C

2.33,12 High Alumina Cement

Byfusinglimestonz and bauxite (hudrated alumina and iron oxide) at 1600°C
and grinding the clinker, high alumina cement is produced. Eighiv percent of
the uliimate strength 15 developed in 24 h. Due to the large amount of heat
evolved, lis use is restricted to thin sections and lifts, restricted 1w 30 em ata
time. Twice the amount of water, required for O.P.C., is necessary for full
hydrafion of high alumina cement and the workability is quite high. The
resistance to chemical attack and heat being high, this cement Is used in sea
waterconstruction and refractory warks. It should not be mixed with O P.C. to
avold flash set.

2.34 FIELD TESTS FOR CONTAMINATION OF
CEMENT

Out of the two simple feld tests given below any one can be perdformed to
determine if the cement has been contaminated.

In the first test a sample of cementisbumtfor  about  2() minutes ona steel
plate. An adulterated sample will change In colour. The colour of an
unadulterated sample will, on the other hand, remain unchanged.

Inthe second test smisll pats of 5 5 5% 2 om slée should be made. f the cerment
is unadultetated, the pat will have hardened sufficienthy in 24 hours to resist
any impression of the thumb nadl, |1 48 hours it should not be easy 1o break it
with the pressure of the fingers,

i the cement fails to pass these tests, it should be sent to lboratery 1o
determine the extent which its properties have been afftected.
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2.35 FIELD TESTS FOR SAND

(Based on IS5 1542 — 19260)

To check the suitabllity of sand for being used In mortar or concrete |t may be
put to the following tests in the fleld :—

(Il  Taste of sand shall provide check for the presence of salts,

(i) Rubalitle sand between the fingers. Stains left on fingers will Indicate
the presence of clayey impurities,

{lii}  Vigorously stir a sample of sand in a glass of water anc allow it to rest,
Amount of clay or silt present in it would settle on the Sand.

{ilv) Stirasampleofsand ina 3% solution of caustic sodaand keep the bottle
corked for 24 hours. If the colour of the liquid tums brown, then the
present of organic matter is indicated.

2.36 REMOVAL OF FORM WORK FOR
CONCRETE STRUCTURES

a) Walls, columns and vertical sides of beams 24 to 48 hr as may be

decided by the engineer-
in-charge
b)  Slabs sides | props left under | 3 days
¢} Beam soffits [ props left under | 7 days
d)] BRemowal of praops to slabs-
1. Spanningupto 4.5 m 7 days
2, Spanning over 4.5 m 14 days
e} Removal of props to beams and arches
1. Spanning up to 6 m 14 days

2 Spanning over 6 m 21 days
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2.37 CEMENT ADEQUACY STATEMENT
{Adopting T cum of cement = 1440 kg. and Metric Data)

Per Cenmrt 11 b3

’2‘&1 : & - 10 using (14" metd) 40 mm

ARG X 1240 ky) Maral M 136 80

CCl;4:8using 1%"metd] da M 16200

(A5 X 1480 k)

LG 025710 uning [1%%" metal) L] ha® 129.60

(0.5 X 1440 kgl

C.C1:2:4 using M me=ll 2 mm M 324.00

(045/2 X 1340 kg) Mtal i

COC T 1% 3 uslng (H" metal do M 43200

(045 ¥ %4 X 14940

C.C1:3:6using W™ metal) o M 216.00

(04573 X 1440 hy)
BRICK WORK nsing ! Class bricks (Mamc 19¢m X 9o X 9 em)

143 BE2/3X 1400 M 105.60 1:5 0.22/5 % 1440 M? 63.36

14 (2274 X 1440 M 79.20 1:6 0.22/6 % 1440 M? 52480

BHICK WORK asing I & I bricks (15¢n ¥ Scm X 5.7em)

1.3 027/3X 1440 W' 12960 |6 0275 % 1440 M? 7776

100 DET/MX 1340 M 97.20 Iah 0.27/6% 1440 M* £4.80

BRICK WOHRK using siock bricks (97X 4.3/ X 234

1-3 0.25/3% 1940 ' 120.00 1:5 0.25/5% 1440 M* 7200

104 025/ % 1440 M 90,00 1.6 025/ X 1940 M* &0.00

BRICK WORK using Wire cut bricks (9" % 414" X 47 A

1.3 020/3% 1440 M 9600 1:5 0205X1a40 M 57.60

1:4 020/4 X 1440 M 7200 1:6  0206X 1440 M 4300

BRICK WORK using Country bricks (534 X 4% X 27

1.3 0.30/3% 1440 M 144 00 1:5 0.30/5 X 1440 M" A6.40

1.4 D30/4 X 1940 M° 10R.00 1:6 0.30/4 X 1440 M* 7200

-/ PLASFERING WITH C M. 12mm thick

1:2 b14/2 X 1440 1oM° 1p0o.00 1rd 0144 %1540 10m® 5040
1:5 (145X 1440 10m* 4032

1.3 0.14/3 % 1440 Tim® 6720 1:6  01d/mX 1240 1m® 3360

" PLASTERING WITH C. M. 20mun thick :

1:2 022/2% 1440 10m* 15840 1:4 022/ X 1440 T0m® 7020
1:5 (224X 1440 10m" 6336

1-3 0.22/3% 1440 10m® 105,60 1:6  022/6X 1440 T0m® 5280

b
‘CUT STONE MASONRY
1anleaXiaq0 w 5760 1:5 B.16/5X 1440 M? 4604
fEﬂHWM RUBBLE MASONRY (Arch)

1:4 G28/3 X 1440 M" 10080
1:5 B26/5X 1440 M" ROsd
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dﬂRANDOH RUBBLE MASONRY

103 (343X 1440 M° 163,00
1:4 034/4% 1440 M° 122,40
1:4 0345X 1440M° 97.590

o
* COURSED RUBBLE MASONRY (First Sart)
P-4 0.28/4 X 1440 M 10080
1:5  0.28/5 X 1440 M B0.64

* 0. P. C.with C, M. 11 3, 20 mm thick 10 sq.m,
0.21/3% 1440 1OM* 10080

ELLIS PATTERN FLOORING

IN C.C. 1 : 3 using Stone cuttings 3/4°/10 M°
1" thick 10 M*

Special Ceiling plagteringin C. M. 1 : 3 - 10 mm thick

@13 X 1440 10 =g.m.
MOSAIC FLOORING & MOSAIC DADOOING WITH TILES
Coloured Cament 10 sq.m.

ForCM.1:3 021/3X 1440 10s=qm

" POINTING WiITH C. M. 1: 3 for 10 sq.m.
0.04/3 X 1440

" FLUSH POINTING FOR BRICK WORK Eic.
1:3 006/2X 1440
1:4 006/4X 1340
1:5 0.06/5X 1440
1:6 006/ X 1440

“ FLUSH POINTG FOR H.R. MASONRY Eic.
1:3 009/3X 1440
1:4 009/4X 1440
1:5 009/5X 1440
16 009/6X 1440

Laying of pressed tilesin C. M. 1: 3
CM1;3 012/3X1440 6760
Pointing with CM 1:3.10 m* 19.20

llﬂnllﬂﬂulm-hﬂ.ﬂ.l;a
CM 1:3 027/3X 1440 129 60
Pointngwith CM. 1:3 10 M 19.20

117.00
14625

22k
100L80

10sqgm
10 sg.m.

10 sg.m
10 8qm

10 sg.m.

10 sq.m

i

19.20

2880
21.60
1728
1440

i2a
2592

2160

76.80

148.80
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2,38 APPROXIMATE WORKING STRESS ON
ENGINEERING MATERIALS FOR DEAD LOADS

i % Material Kind of Allowable
g é Siress Stress
490 | Structural Steol T865T o] 126102 kg/M?
do C8-6-3 do 12-6-102 do
Ribbed Steel 55 do | 7-9 do
480 Wrought lron T 5 do | 75 do
do C5 do | 79 do
do 55 do | 7.9 do
480 | Castiron T2 do | 32 do
da c4 do | 63 do
do 515 de | 24 do
150 | Cement mortar 1.5 C15T o | 141 MT/M?
120 | Brick in cement c4-5 de | 3747  do
165 Granite C70 de | 656 do
Sandstone €35 do | 328 do
35 | Timber T 500-5000 3570  kgfem’
s/ 0
T : Tension C 1 Compression S : Shear
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2.39 SAFE PERMISSIBLE LOADS ON MASONRY

Sale load in Tonnes
Descriplion of masanny per sg. metre

Brick in' mud 14

Brick jelly concrete In lime mortar 22
Cochin laterte in llme mortar 22
Mellore laterite in lime mortar 33
Stone concrate in lime mortar 33
Random rubble in lime mortar 33
Country brick in lime mortar 22w 38
Coursed rubble (Bezwada stone) in lime mortar 44
Stock brick in lime martar 4
Coursed rubble (Granite) in lime mortar 56
Country brick in cement mortar 4 to 66
Randam rubhle (Bezwada stone) in cement mortar 66
Concrete (Bezwada stone] in cement mortar 66
Random rubble [granite) in cement martar 87
Coursed rubble (Bezwada stone) In cement mortar 87
Stock brick in cement mortar B7
Concrete [granite) in cement mortar  1:3 16 109
Concrete (granite] in cement mortar  1:274 131 10 164
Coursed rubble granite in cement mortar 131

Cut granite in cement mortar 164

NOTE

()

fig}

fiil)

{iu)

Where there is considerable varfation in sirength fe.g. country
bricks) it Is incumbent on users to test their materiols bafore use.

The figures given aboue are subject to slight variation according to

shell fime. stone lime, or surki s employed.

Cement mortar is ] Cement to 3 sand, except for ttems 19 and 20

which are 1 cerment to 2 sarid,

in using high pressure for cut granite ete., care must be taken that
the allowable pressure on underlying masanry s not exceeded at
the disperation angle from the load of 45" and that the mortar will
have time to develop adequate strength before the load Is applied.
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2.40 SAFE BEARING CAPACITY OF SOILS

Building codes and engineers’ handbooks usually contain tables for safe
bearing capacity for varous types of solls. The values are compiled from the
records of loundation successes and fallures. IS 1904:1961 glves the values
for safe bearing capacity according to Indian Standards are as follows;

Safe bearing
Solly capacity
(tonnes/sq, metre)

Cohesionless Solls

Gravel, sand and gravel, compact and offering high resistance 45
to penetration when excavated by tools

—_—

2. Coarse sand, compact and dry 45
3 Midium sand, compact and dry 26
4. Finesand, silt (dry lumps easily pulverised by the fngers) 15
5. Loose gravel or sand gravel mixture, loose coarse to medium 10
sand, dry
Cohesiue Soils
L Soit shale, hard or stiff elay in deep bed, dry 45
2 Medium clay readily Indented with a thumb nail 25
3 Maist clay and sand clay mixture which can be Indented with 15
strong thumb pressure
4. Soft clay indented with moderate thumb pressure 10
5. Verysoft clay which can be penetrated several ems. with thumb 5§
6. Black cotton sail or other shrinkable or expansive cloy indry 15
condition (5% saturation)
2.41 ECONOMIC STANDARDS OF CARPET
AREA REQUIRED

Based on G. O. M, 5. No. 884 PW dated 12—-5-70

L Head of department 300 sg. ft. 30 sgmetres

2. Parsonal Assistant and ather Gazetted officers
150-200 sq. fi 15 to 20 sg. metres

3. Manager and Supdt. 80-100sq, fi
{100 baing applicable only In respect of non-gazetted heads of officers

like sub-registrars. Thastldars etc.) 7.5 to 10.00 sq. metres
4. Technical Staff non-gazetted 60 4q. . B sg metes
5 Asst Junlor Asst. and typists 45sq. . 4 sq. matrey
B Attender 20sq.ft 239 metres
7, Inspector of police 200 sq. 1. 20 sg, metres
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2.42 ROUGH ESTIMATION OF COST OF BUILDINGS

L sl

i1

Mame of ltems

Labaur
Cost ol materials

Foundation upio and Ingluding plinth

Superstructore
Second storey
Direct and overhead cot—

al
]|

=
bj
e

Cost break-up of different parts : —
Earfhwark in excasation and filling

al
b}
c)
d)
)
f)

g)
hl

Cost of material and ahour :—

a)
b
€
d)
€|
1)
gl

Direct on actusl work

Overhaad cost due b establishment,
superision, incldental etc.
Sanitation and electrificafion :—

Sanitary and water supply

Electric installation withow fans

Eleciric lans

Foundation concreling
Damp proof course
Brick work

Rooting

Doars and windows

Plaslering and pointing

White and eolour washing, painting

Miscellaneoes

Bricks
Cement

Stesl bars
Timber

Lime

Laboar
Miscellaneaus

Percentage of total cost
3010 35

70 to 65

15¢ta 20

85 1w 80

75 to 85 of | storey

ES5
15

Tin9

neURssR “”EQE%“;E gt
[+ B

Matesial required on plinth area basis for single storey buildings ‘—

2
1]
cl

Annual repair and malntenance

Brick
Cament
Sreel bars

Coal for buming bricks

500 Mos. per 3q. m.
of plinth area

1.5 bags per sq. m.

of plinth area.

12 kg, per sq.m.

of plinth area.

1.5 guirtals porsg, m,
of plinth area.

1 to 1%% ol capital
cost of building.
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2.43 INSPECTION OF TEMPLE CARS

Whenever new cars made and put in service, the Chief Engineer directs that
the detalled calculation should be made and approved by the Execulive
Enginieer belore certificate is issued. Succeeding certificates issued year alter
year are, however, only cetificates of soundness of the car to prevent a
detoriorated car being hauled and becoming a public danger.

(Bosed on C. E memorandum No, 2580 ADY/35-CP dated 20-9-35.)
2.43.1 GUIDE LINES :—

L. Examine the wheels and satigly yourself that they are not eracked but
sound, well finished with that iron plates and rivets.

2. Examine the capacity of the axles to carry the loads including the live
load.

3. Examine the tendency for the car to overium,
4. Determine the maximum pull on the coir rope,

{a] Theslze of the ropes should be fixed with reference to the formulae %
if they are not coir as they generally are.

fb) Theweightol the car s taken as W and the friction of the wheels on the
ground is assumed as 0.13.

5  The caparity of the car to right itself when it is pulled at a speed (V) per
socond and brake wedges are applied are examined as follows:

The kinetic energy of the moving car will be 1% MV ft. lbs, The car belore
righting iiself takes up the position and then the C. G. of the car will be ifted
through a height (h) and the work invelved in the car so lited up, viz,
Mgh should be equated to % M. V*_ In arder to limit h to 6" and V should be
calculated,

The length of the ropes used for pulling should be defined with reference to
the pull got under item 5 above and caleulating approximately on the basis of
one man of every 9" or one foot exerting a pull of 35 Ibs. By restricting the
lengthof the rope the chances of the zarbeing pulled too farwill be limited,
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2.43.2 EXAMPLE :

Tiruvatteeswaranpet Temple car

For the design of axles the maximum probable weight of the car is taken.
Steel axles 2W" diameter are provided

DATA: Since the top and body of the car are hollow 50% of the volume will be
taken for calculating weight.

Weight per C. ft. of weod 51 Ibs

a) Top portion |
Volume (6'X6'X8/3)ch

Welght = 50/100 % 8/36 X 50 = 2400 lbs.
bl  Pillar 16 Nos:
Weight = 16 X 4/12"X 4/12"X 64" X 50 = 556 Ibs.
¢) Central Portion :
(i) Top platform:
Volume = 444" X 3%™ X 114" = 663/32 cit.
Welght = 663/32 X 50/100 X 50 = 518 lbs:
tii) lower platform :
Volume =56-0"X 6" X 13" = 63ch
Weight =63 X 50/100 X 50 = 1575 Ibs
dl  Lower portion of the bady
Volume _(8-4" X 3-8 + ("% 3 X ELE"
2 - 172344kt
Weight = 172.44 X 50/100 X 50 = 4311s
g)] Crowd load or live load at 30 Ibs. sq. ft.
=g X 6"X 30 = 1080 |bs.
Totul = 10440 |bs.
Add Impact allowance 50% = 5220 bs.
Grand Total = 15660 |bs.
Load per asle « 15660/2 = 7830 |bs. or 3V tons
Add selt weight of axle Ly ton

Total weight i ton
Shear at one suppart ~ 4/2 = 2 fons.
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{ii) Area required for the seelion &f axde allowing shear strength for Shell at
Stons per sq. Inch = 2/5ar 0.4 sq. Inch.

The section provided 214" dia. s too much.
4X2X35¥12

2

Maximum B.M. = WL(8 = — =42 inch Tons

Z required = 42/8 = 5.25,

A section 2” X 2" enough E =525 d =258"
q

An axle 2™ X 2" section and umed into 197 at the and

{t} Tendency of the car to overtum and maximum pull an the coir rope.

For this the minimum probable welght of the car Is laken with 30% for volume
Instead of 50% 25 previously akan.

Top portion 8/3 X 6 X 6'X 30/100 X 50 = 1,440 s
At a helght of 15% fi, from the axle:
PILLARS 556 |bsat a height of 9%

CENTRAL PORTION :

Lower platform 1575 X 3/5 = 945 at 54" from axle

Top platiorm 518 X 3/5 = 310 |bs. at 744" from axle.

Lower portion of the body 4311 X 3/5= 2587 Ibs. at 3 ft. from axle.
Total weight =5,838 |bs,

Find C. G. of the car l.e.

5838x =1440X 154 + 556 X 944 +- 310X 7i6 +945X 514 + BEETX 3
- 7.2 FT,

Tha C. G. s 7.28 it from the centre of the whee| or 8.76 feet from the
ground.
When itis not pulled and i C. G. 15 ffted by 0.63 foat, It will tum over.

Maximum pull on the colr that can ke expected without making the car turm
cver s PR 2'9" =5709 X 325

P = 6900 lbs.
Magimum pull for each line 3450 Ths,
I the average pull is 35 |bs; P8 peaple can drag the car. i}
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IV. SERVICE INFORMATIONS

4.1. FUNDAMENTAL SERVICE RULES

Semvice Rules of Government servants of Tamil Nadu Government Senvice are

laid deswri in code book called “Fundamental Rules of Tamil Nadi Gnmmrmt

Seyvice”. This covers all the aspects of Goul, service like joining tine duty, Te
wiles, TA Rules, Other Allowance Bules, Increments, Loans and '
Suspension. GIP.E. Rules, Retrement benefits Hules, etc

4.1.1. Jolning Time
1) Joinina timie 5 the fime allowed 0 o Govt, Servant o Geul, servant Lo doln
a new: post
il ‘either at the same station or at a new station without availing any leave

il oo return from lsave not exceeding & months {leave includes sumender
leave]

i} to proceed to transfer,

2] Full joining time may also be-allowsd if the transfer is made at the request
al the Gout. servant. However the transfering authority imay restrict (he
nining time,

3} Duration of Jaining tirme;
Preparation 6 days:

Kinds of journey Mo, of days
Rail 1 day for eveny 400 KM, or
part therent
Motor vehicle 1 day for eveny 150 EM. or
part thereot
Bullock Cart/ Ciele: 1 day for every 25 K-M. or

part thereaf
4} One day joining Hme is adniissible for transfer i the same station

51 Travel by road not exceeding 8 KM, 1o or frony a Rallway Station at the
beginning or end of a journey does not count for ioining time.

6] All Sundays at the beginning, at the end and infervening can be availed of
in addition to the joining tme caloulated.

71 Maximum joining time admissible is 30 days.

8) It an official in transit on transfer = directed to a different place other than
the one in the original transfer oréers; he will be entitled to fresh joining
time in addition to the joining fme already atailed.

9} Fresh jotning time should be counted from the day following the date ol
receipt of orders.

101 Preparotion Hme i not odmissible for the second ranafer.
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11} i an: official on transit s reposted 1o the oogingl post, 1t should be

- copstrtied as o (ranister to a new past,

12 Iean official I5 transferred to the station where fie is spending the leave.
one day doiniing Time is adintssilie I howevor heactuslly goes-to the ald
Headquarters fo wind up his persoinl affairs Jaining Thine will be admissible
froen The odd to the new headguariers,

L34 1 an olficial i his post before the oginy of his leave plus 10l joiving
Ly thie umavailed partion will be considensd m loave not avatled and
leava acetunl adjimsied

1| sJaining Thime fen olficials on deputation o ol Govis, shelkd be aloulated
under the rules ol the barrowing Gt both for anwanl and retum
jolame

I3} # in transe, leave without Medical Centilicate 5 tabeen, leavn will commence

* Aroorn (b ke of retiet 1 leave s loken on Medical Cenilicate, joining fime
alrinely ailed waill stancd and leave will commenes thereattor,

il The Govensment authorsa fhe Heods of Depannwails) Cositrolling officern
1 grant special casual e 1o Gout. servany who have nol. availud
Joming Time in {ull or part and who desae (o go within G months of thelr
transfer back to thulr old station fo =orme other place whisre their family
ressacde i order to bring them o the new sation. The petiod of spectal
astin! leave should be lifled 1 the edent of Joiniog Time not avalled of.
(GO, Ms U290 P K AH Pept 4t 13879}

17 Tramsit Py

ol While on dutg: deiniing Time pay equoal 10 the pay i the ald pest o
st post whichever ly hess.

b While on Earned | caves Joining Time pay iy equal ta his ieave salany,
¢} 'While on l2ave dther than Earned Leave Juining Time pay & eygual (o
the dease salany thot ho woulll deasw hod b been on Eared Fiive:

d) An incrémnenl accruing duting he puriod of Joining Tire may be

shraen i1 the transier & while on duly
g Il exciss Joming Time & not regilorised the period will ol count for
leeanef lpcrementy pension
18} Al Gnssrrement servarits will bis prermisied 1o deaw their iy and dllowance:
for the period unto the date ol their relied ak the ofil siption Hsedf at ane
Hime diring the manth.  Fuy ind afiowancss con be drowis at the ming
viition on tha hass of thu Last Pay Centificme with the Cavernmmn
sorvant without wetiewg bor direcr capwy inm thie okl steroa
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4.1.2, LEAVE RULES
Ciwernment seovants can avail the lollowing kinds of leave:

1. Casunl Leave; 7. Extra-ordinary Leave;
2 Compensatory Leave; B. Matemity Leave,

3. Eamed Leave; _ 9. Hospital Leave;

4. Uneamed Leave on Private affairs; 10, Sp. Disability Leave;
5 Unearned Leave on M.C. 11,  Study Leave.

b, Surrender Leave;

4.1.2.1 Casual Leave:

A Govt. cervant is entitled to casual leave of 200 deys per annum with effect
from 1180 I can be avalled along with Gowt. holideys. But #t should not
exceed 10 davs at a time, Casual leave cannot be taleri in combination with
any other leave, with joining time or with vacation.

4.1.2.2. Compensatory Leave:

The celling for the compensatory leave 45 20 divswith proviskon to avail of it
within a period of 6 months: This leave azcount is transferable so that it can be
avalled even If the Gowt. servant s transterred to other offices When a Gowt.
servant has netther casual leave nor compensatory leave to his credh, 2 Day's
earned leave shall be cul for every three days of late attendance:

4123 Eamed Leave:

fa) A permanent Gowt, servant in superiar senvice earns leave at 1711y of
duty subject 1o a maximum accomulation of 180 days,

(k). An approved probationer eams leave frum the date of completion of his
probation at 1/11th of duty.

[¢) A pribationer earns leave at 1/22nd of duty sulyject to 8 masimum of 30
days: On confirmation. the officials leave actount will be recast 2t I/ 11th
of duty from the beginning of continuons service in o regular capacity. The
recasting will be done in the case of approved probationrs who have put
In & total service of B years,

{d) Eamed [vave can be taken upta 180 days &t atime

fe) 1i there Is a break in service during probatian, the leave earnad tll then vall
lapse. In the case of approved probationer, the luave at credil a1 the fima of
their ousting will be credited ta his account at the fime of re-appotiiment

{f} Basic servants who have put in a service of 15 years are eligble for 101 Hh
of duty subject to a macamunrol 180 days.
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4.1.2.4, Unearned Leave:

Permanient Govt. servants in superfr service are eligible for unearned
Approved Proballoners in superor service leave on private affnirs
Busic servants who have put In o service of 15 yearsand on M.C.
Unearned leave on Private affairs:
[} First 10} peasrs of sendee: A months

Beyond 10 years: 6 months

(b} 3 months at any one time

If may be aranted by combining with Eamed Leave but total leove should be
limited to'6 months:

Basic sarvants ar not entitled for this kind of leave

Lzawe salury will be half the pay admissible during E L. sublect to a maxinum
of Rs. 750/ P.M,

4.1.2.5. Unearmmed Leave on M.C.

{1 12
{a) Upto 5 years 3 manths
{l! Muote than 5 vears but less than | save mentinted
10) years fmonths | Incol. 2 will be
reduced by the
le) More than 10 years but lessthan peziod of leave:
15 veam Smonths [ if any, avelled.
{d) More than 15 years bul less than
20 yenrs 12 rrivinifes
(2} More than 2() years 18 monihs

Bislc Service:  Permanant officals can avall sick leave for 6 months in all on
full pay. Non permanert officials exchuding lemporany officials may be granted
leave on M.C. lor a maximur period at the rate of 100 days forevery eompleted
year of sarvice provided they have completed one year's continuous service.
Leave Salary during U.EL on M.C; Full pay may b pald instead of hall pay
for the ertire parfod of 18 monthe wel 1.7.74

4.1.2.6. Extra-ordinary Leaves (E.O.L)

EOL may be granted under special clrcumstances when there & no othr
b to his eredit. orwhen the Gowt senant appibes insriliiy for the grant of
such leave,

1t s not dehitable 1o any leave acoount

No ldavo salary bs Adimissibio.
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ED.L may be granted in combination with or In continaation of any leave,

I !hlus official is an EXQLL. for treatment of T-B., Leprasy or cancer and if his pay
is loss than Re. 10007 P.M. be will be entitled to s maximuim of Re, 75/~ F-M.
anda mingmum of Bs 40/- PM,

4.1.2.7. Matemnity Leave:

la) Adimissible o marded women Govt, servants.
Ib] Granted upto 90 dags toa perrmanent or AP

(] Mon permanent officials are eligible to be given such period of maternity
leave as will make up 1020 dags if added the eamed leave at their credit at
tha fime of applying for maternity leaue

(d) Those employed under emergency service inotin regular capacity) should
have completed one year of continuous sevice including teave il any to
become eligible for the grant of Maternity Leave.

i) Granted upto & weeks in the case of aborfions.

(f} Leave salory equal to leave on full pag

lg) Lesve of any other kind may be combined with Maternity Leave but M.C
is necessany [or such extension.

th) Matemily Leave is not debited to the leave account Counts as service far
increments pensions.

[i) Mot admissible to women with more than three children:

4.1.2.8. Surrender Leave:

(a] All Government servants are permitted to sumender 15 davs of EL ina
year and get corresponding leave salary and allowances in lieu thereo!

(b)) The interval between two spells should he nat less than 12 manths.

ic] I the interval is mot less than 24 months, one eansurrender 30 days

{d} For getting this benefit, one need not go on leave (wedf | 474

fe) Leave calamy will be equal to that on EL. but excluding C.C.A and HR.A

if] Deductions on account of P.E, Advances and other dues will not be made
from the surrender leave salary.

4.1.2.9. Hospital Leave:

{al This leave is granted only to those whase dutles expose them o special
rish of acciclent or dlness,

ib) Such leave may be granted upto st maonths in eveny three vears of service.

[g) Such leave & not debited to leave account, !

{el} Persons who are eligible are given in instructions 2 under ER. 101(b),

(e} Leave salany is equal to half pay for sic manths, [Fhe ts detained in hospital
due to-an injuny orany disease contracted  durmg the course of duty,  fall
pay for the first three months and half pay for the rermaining three months.

=T
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4.1.2,10. Special Disability Leave:

{2} This leave may be sanctionad to a Gowt. servant who is disabled by injuryin
consequence of the due performance of his official dufles,

(bl The period will be such as cenified by the Medical Board subject to
maximum leave for 24 moriths

(¢] Certificate from Medical Board I8 necessany

(d} Heads of Department are competent to grant this leave

()} It may be combined with any other kind of leave

{f) Itwill count as service for pension

(g} It will net be debited to the leave accotint

) Leave salary for the first 120 day= wall be pay last drawiy and for the test it
will be equal 1o leave «n hall pay

4.1.2.11. Study Leave

{a) May be granted m all Governmunt servants and approved probationer
with not less than 5 vears of service o study scentific and technical
problins or to undergo special course al instruction in or outside India.

() 1t should not be granted to an official who is due to retire or has oplion (o
rtire within 3 years of his return 10 day after study leave.

() Maximum period s 12 months leave at a tme and 24 months In entire
senvice.

{d} May be combined with any other leave due but maximum period of
confinuous absence Including vacation but exclsding EO.L should not
aaceed 28 months,

(e} Mot debited o the leave account

() Will count as senvice for increment, promotion, senioriy and pension bol
not for leave

(g} Leave salary will be half pay as in the ease of U E L. on Personal Affain

4.1.3. T.A. RULES

No journey Is reckoned as joumey on tour that does not retum » polnl outside
& radius of more than 8 KM, from HOQ. But one mavelling un duty within
BKM s entitled to recover the octual fares for journeys by Riallway or other
public convevance (M TA Rule 61).

Asupplemental daim for TA  permissible if the pay is raised with retrospective
effect by sancticn ol increment In the usual course.



Giades of Government Senvanis:
FuﬂLlhe purpase of TA, the Government servarts ine divided nto four grades

Gra:ie Pay for monlh

| \ Rs. 1200 and above
] Hs. S0 and above but belew Bs. 1200
i} R, 350 and above but balow Re BOO

v Lizss than Rs. 350

Sgmice Informaiiong wy?

Pay ineludes persanal pav granted to protect an offial from Joss of emoliments
but not indude pertonal pay granted on cther oceasions, Pavdoes not inchide
spacial pay or any additional pay.

d41.3.1. Journey on Tour
The eniftiement of an official an tour s as follows:

Crade Ral Road Ohtlver Dinily
Class o P B T Modes  Allowance
ByBus ByCa Re P
| 1 Actual ol p. 36 17.00
fare per KM per KM
i I . 24p 1150
per KM.
i i . : 18p. 700
per KM,
v ] S N " 500

Officers who is drowling basic pay of Rs. 1750/ - or more misy travel by alr or Al
Conditionad | Class withiin/ cutside the Statos. Othars may travel by Air on
|Class for journeys outside the state.

Cost of reservation and sleeper accommodation 5 also reimbursabie.

Mileage alowance lor journey by car s admissible only 0 uliicers drewing pay
of Rs. 900/ or more. Others are entitled to mileage for use of scooter/ motor
oycle,

Daily aflowance is admissible for absance from HO, ai the lullowing mies:

(i} Absence not exceeding 6 hoirs 0%
(i} Absenice exceeding & hours but nos exceeding 12 hours: 0%
{iit} Absence exceeding 12 hours: Full

Mo daily allowance Is admissible for casual leave/ Restricted holidays or for
holidaus spent ouiside the camp.
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If boarding and  lodaing are  allowed Iree al the camp  dadly allowance i5
admissible at 1/4th  the nomalrmte,  H boarding anly or lodging only is
allowed free, ¥ the narmal rale of dally allowance can be claimed.

[ally Allowance can be claimed at the full rate for the fivst thiry days of balt al
camp. For the remalning days, dail allowance s admissible st half the normal
rates. Sanction of Govt. is necessary for payment of daily allowsnce 21 ull rates
in excess al 30 days.

Inereased mtes of Daily Allowance and Road mileage allowance s admissible
for travel or halt in specified class | and class (1 localities. The eligibility for
higher/ lower rate vl be determined wor.L place of hall atter journey. OHlcials
with HO. in a Spl loeality can elaim DA at ardinany rates only for a jourmey
frem and te H.Q. on the same day.

4.1.3.2. Additional Half Daily Allowances (porterage)

l'or the dayof departure frum Headquarters to camp, one half daily allowance
welll b acfmiisible in addiion 1o the dally allowarice 1o meet the oara expeisss
like porterage et Likewise lor the doy or ardval also, one hall dally allowance
i achmitsalbiy | owever only one additional half dasy allowinice will be paid for
each blodkof 24 howrs of sbsence from Hendguarters, though spread over two
calendar days. s nol admissible for journoys by own car or by Gove vehicles.

4.1.3.3. Mileage Allowance for joumeys butween Railway Station/
Bus Terminal and Residence or Place of halt.

The (ollowing is the smounl admissiblie to the different graden of officlals for
their joumeys between Rallwoy Station/ Bus terminal and ResdencePlacz of
hali.

Girade Flace ol Depariumy Airival
Madras Madurai Colmbatore, Oithars

Salem, Trichy
181 Rs. 5/ Re 3/- Rs 2/
& W R 3/« Hs. 2/ Rs. 1/-

A geriificate to the effea that the distance belween residence 1o’ Rallwpy
Smtion/Bus Terminal is more than hall-a-Km, |s essential.
4.1.3.4. Road journeys by own Car/Scooter/ Motor-cycles

fficers: whao have been detailed in Annexure VI to T/A Rules, are entiled to
roileage ol e folitaving rates for elther joumeys performed fromHendguartuns/
Canp:

For the Car Motor cycle/ Senoter
st 100 KoM L0/ Per KM OS5P/KM
Next TOOK M O Per KM 45 P M.

reliing ; nAS/ Per KM, QAGP/KM
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wheare penmited fo trarspor Motor cyclkes! Scooter on Transler, can

At mallesgs allowance at hatt the above rates | they perform the oo
dmews by molor oycle/scooler. In respect of joumeys performed by car/
sochter, daily allowance will be admissibile for the ksence fram HL.OL/ camp in

addition to the mileage allwancz. For joumieys butween places ot commected

by Iis and made by comeyance other than Cary motor eyely, miteage will be
admilssible & the ordinary rates

4.1.3.5. Journeys on Transfer:
Fer jolmens on transier. the ertitlementewill be as for joumaeyy on o,

Daily Allowance:
For journis upto 28 houts — o0 DA each lursell and family marmbers.
For journets in excess of 24 |yours -

Upto 6 hours: 30%
fio 12 hours: TO%,
Mure than 12 b 100%

Children below 12 veirs of age will be elgible at half the above rates

4.1.3.6, Additional Half Daily Allowance:

Thie Additianal Hall DA 1o cover extra charges on pornterage eic in cases of
travel by busd rail will be admissible ocly at [he peint of embarkation and
disembarkation subject to a madimum of one hall DA for every block of 24
hours imspective of the number of embarkations and disembarkation.

Family includes:—
(&) Wile {ang wile only)

{b) Children dependent on the official edopted children and step children ure
irctuded.

ic) Married daoghter not undar her luspand's protection
(e} Widowed daughter whally dependent.

(&) Husband dependant on the womes Gowt. senvant.

N Parerts dependent on the Govt. servant.

4.1.3.7, Lumpsum Grant;

Grade I the rew station is
within 60 KM, bieyond 60 KM,
| 200, - 300;-
] 15 250,
11 100, 150/-
LY 5/ Thi-
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4.1.3.8. Transport of personal effects:

Grade: By Goods By Pass Total  Places not

Traln Tratn Ka. cannhected by
Kg Kg traln
4300 200 4500 Twe milesges
] 1925 75 2000 will be
&V 960 40 1000  ocmissible

Subject to the maxirmum admissible, the Govt. servant ean transport personal
effects by goods/ passenger or both, ¢ither from {a) the old to the new staliun
or (b} from the old to the any other station or (¢! from any other stalion to the
ney weation,

4.1.39. Personal Servanis:
Second class fare or actual bus fare batwoen places not connected by rail will
be admissible for joumeys performed by persenal servants in respect of Grade|
and Il Officers as below:

Geade — I Z penonal servants

Grade — 1l 1 personal senant

Diaily allowance s not admissible for the personal servants

4.1.3.10. Tramspon of Conveyance:
The Govt. servant should be entifed to trénsport the Motorcar/ Scoater/

Motor cucle on nansfer, No charges are admissible if the distance between the
ald and new statkon does not exceec 1730 KMs 1f it exceeds 130 EMs;

Mode of ransportation Amount admissibie
By Rail Actual charges paid 1o the Railway,
By Road not undér i own 25 Paisé par KM. for motor car and
propulsion 13 Paizz per KM for Motor cycle an
Scooter;
By road under its own Rs 1/ -per KM, for car and
propulsion Rz 0,60 Per KM, for motor cuele/
seOotber

4.1.3.11. T.A on Retirement:

T.A on retirement s admissiblo as T.A on Transfer, | 5 admissible to the Govt
sarvant, members of his formily and for ransporation of personal efecks frorm
his last HQ. to any place in India #s mentioned in his pension papers: The
grade of the Gowl. servant will be decided w.e.f the pay drauwn by kim on the
last day of his duty. It can be avaled of while on leave prepamtory to
retirement or within 6 months from the date of retirerment. But the claim
should be preferred within 3 months lrom the date of joumey.
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\4 1.3.11. T.A. to the family of the decease Govt. Servant:

ctual fares [Railway) paid plus one extra rail fare will be admissible as TA to
the family members. Their journey may be:

{1} from H.Q. of the Govt. Servant to his home town or any othey place, o
(i) from the place of death (o bis home town or any other place,

ct ta the condition that the amount does not exceed that admissible
from HQ, to home town. The claim should be preferred within one manth of
the completion of the jourmey or 3 months from the date of the officials
death whichever is earlier.

4.1.4, G.P.F. Rules:

Subscription : Temporaty and officiating Government servanis shall join the
fund from the month following that in which they completed 6 months of
continuous service. Head of the office shall send a statement indicating the
namie date of birth etc, o Accountant General who will assign the account
number. G.P.F, account numbers should be noted in the senvice book of the
Gowt. servant, The minimum rate of subscription shall be as follows wetf

1476,

Emolument (Pay & DA | Min. monthly rate 'of subseription
1455 = 250 15
2401 350 20
3h1 — 500 a0
201 650 40
661 = BOU a0
01 1000 Gl

1001 = 1150 70
1151 1300 80
1301 = 1500 an
1501 1650 100

The amount of subscription may be ralsed voluntarily twice & year (Le) in the
pay for March payable in- April and in the pay for September payable in
October. Butreduction In subseription can be made oniy once in a year.

Subscription to GP.F +hall be stopped four months prior to retirement ‘on
superannuaticn ol the subscriber. No temporany advance sanctioned once the
subseriptions are stopped. While sanctioning temporany advance prior to the
period of stoppage of subscriptions, the number of instalments for recoveny ol
the advance shall be so fived that the entire advance is recoverad fully before
four months prior to the date of retirement on superannuation

MNominations in respect of those whose minimum of the time scale s below
s 1000/ should be kept by the Head of office aml one copy attached to
senvice book. the nominations of those whose minimum of the fime scale Is
Rs.1000/ and sbove shall be maintained by Accounfant General. Fresh
nomination shall be filed after marriage of the Govt. servant as previous one
becomisg mvilid.
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4.1.4.1. Drawal of advances:

Temporary advance may be granted for the following purposes:

{a) to pay expenses in connection with the iliness, confinement or disélhil_lty
including wherz necessany the travel expenses of the Gout. servant ar fmy
of his dependent,

{h) in cases necessitating prolonged medical attending, prolonged stay In a
haspital or protracted treatment.

lel to meet the cost of higher education of his dependents for all academnic,
medical, englneering or other tezh. or scientific courses provided that the
period of study is for not less than three years In the aggregate.

(d] to pay obligaton) expenses on: the scale appropriate o his status in
conpection with his marrlage or other ceremonies or murrages formeral
ar other ceremonies of his dependents,

{e) to meet the cost of legal proceed ings instituted by the subseriber,

As advance shall not except for speclal reasons exceed 2 manths pay or half
the amount of the credit in the fund whichever Is less. An advance upts 3/4th
af the balance of credit may be sanclioned under special circumstances, There
should be an interval of six months between the dravd of two advances,

4.1.4.2. Recovery:

I the advance i drawn before 15th of a month, recoverny shall comitnence [raimn
the pay for that month fself, Otheradse the recoveny shall commence from the
pay for the subsequent month, Becovery miay be postponed at the subscriber’s
request dunng the recovery of an advance of pay granted to the subscriber:
Recovery shuuld be made only with subscribers’ consent while the subscriber is
in receipt of subsistence grant or is.an leave an half pay or ldave without pay,

4.1.4.3. Part final withdrawal:

Purposes:

(2] Meeting expenses in connection with (lness;

(b} Cost of higher education of children-in the case of N.G.Os forall academic
medical, engineering or scientific courses beyond the high school stage i
the perind of study & ar not legs than 3 years in the aggregate; in the case
off Gowt. Officers for any medical, engineering or other tech. or specialised
course bevand Wgh sehool ifthe period of study e for not lees than 7 yeary
in the aguregate,

le) Espenditure in connection with betrathel/mamiage of the subscriber's
sons; daughters and any othier female dependent relatlon

{d] Bullding or acqulring suitable house for hls residence including cost of sia
ur Fepaying any oulstanding loan taken for pumpose or fecanstruction/
making additions alleralions 1o a house already owned or acquined

() Purchasing a house site and or constrlicting a house on the site.
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(11 Acguiring famm land and or businass: pramises.

(gl Purchasing a molor car

(h) Extensive ropoim or ovabiauling the meder car.

Limit:

Nurmally 6 manths pay or hall the amount at credit whichever is-less or at the
discretion of the sanctioning authority upte %th of the balance at credit, If
avalled an advance from Central or State schannes for grant of House Buiilding
Adwanices, the amount of withdrowal should not exceed Ks 1.25.000 or 75
months pay whichever is less. For purchase of car, one third of the amount at
credt ur Re. 16000 or the actual price of the car whichever & less. Major

reparring of the car, one thind ameunt of credit or R, 300K/ or the aetual cost
whizhever is lese

4.1.4.4. Eligibility

After complation of 20 yeam of service lincluding broken persods if anyd or
within 10} years balfor ethe date of retirement on superannuation whichever
earfir.

For purchasing a farm land or business premiises — within b ronths of thic
date of retirement.

For purchasing a car — After 25 vears of service or wiihin five years before the
dafe of retirement on superanmuation whichever is warlier. The officials Ay
shell be Bs. 1000 P M. or more,

For extensive repair of Car: Alter Z8 yoars of service or waha 3 years of
attaining the ace of superannuation whichever earlier, The officals pay shial
be Ra. 1100 e mare.

General: Only one withdmwal will be allowed for the same purposie Both
advance and withdrawal should not be sanctioned for ong and the same
purpose. Thers should be an intenval of one vear between wo part final
withdrawals Irrespective of the pumose. Withdrawals may be made for paying
the premium towards Life Insurance Corporation Palicy. The palicy should be
in the name of the subsaiber ur in the joint ves of subscribers & should ba
assigned in favour of Accodntart General. The premium should be payable
annually. The maximum number of policies will be four,

Intevest:
8% for an amoun! upto Rs, 25,000/ and 7.5% for the balsnce inaxcess of
Rs 25,000 Interest will be ounded ofi 1 the neansst rupee.
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4.2. LOANS & ADVANCES:

4.2.1. Loans and Advances:

Lixans to Government Servants bearing Intorest am

{a} Advance for the purchase of mater cars

(b} Advances for the purchase of other conveynnces.
{e) Advances for the purchase of construction of | lause
{d} Advances lor the purchase of horrest saddleny

[ie! [¥her aduances:

4.2.1.1. Conveyance Advance:

The Heads of Depanments may sanction advances lor the purchase of
comveyance 1o Gout. servants under their respective controls subject 1o Hhe
principles in Are 227 and 229-232, The Gout, will be the autharing to sanction
adwaiices 10 Heads of Depanments For relaxation of pension Govi. pravious
sanction s tecessan.
{a) Motor Car Advance:
Ohficess whio on transter eligible 1o dww ratheay freight for trmspoiting o motorn
car and who also have the teuring work and thes: lsted In Arichs 2030 of
MFC. Vol | are eligible to get motor car advance and gazetted officers whu
ane drewing Rs. I000/  and above in the varied sele of pay lexceeiling
Rs 750/ - in 1970 pay scale)
I} For purchesinga new car advasce shoull] not exceed Rs, 20000, or 20
mantls poy or asticipated price of the car whichever s less:
il For the pirchese ol second hind car Rs. 150000 or 20 months pay
whichever i les is admissilde
(i} The Gowt, servant showld send an application with an agreement execuled
g ke iy thie priesetibed form
) The AG. should centify the auallability of lunds.
W) I e sanction, the dae by wheh the advance should be drmwn will be
mentigned
wi) Within e manth from the date of drawing the advance, purchase should
be made
vil) The sancllioning authorty can sanciion extenslon of time not excesding
wia monlh
vilil The car should be mongaged I the Govt. &s security and the wecuriy
Bond alver scruting Iy Director of Treasunies and accaunts be kept In the
safe custady of the Head of the Departmen) or the Govt. who sanctioned
the advance,
ix] The car should he inmmed against loss o damages by Gire, thelt o
accident,
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li the advance ks more than Hs, 14000/ the recovery s to be made in BU
instaimerits. H the pdvance is less than Re. 14000/ - 70 instalinents,

:IiThmhm the interest at the rate fwed by Government apd caloulated on
the monthly balances should be recelved in instalments not ésceeding the
usual instalments of principal

b) Scooter or Motor Cycle Advance:

Gioverrment servanls whi are drowing a basic pay of B=. 400/ (1970 scale of
pav] and above are ehyible for scooter, Mortor axle advance,

Govermmen!! servants whose basic pay & Hs. 550 and sbove and below
Hs. 1250/ - are eligible for allotment of sccoter | Bajaj) from out of Covernmesy
allorment (1970 Seale of Pay)

Amount of advance:

(a)l Purchase of Mator oxle : Costof vehicle or Rs. 6000/ - or 11}
manths pay which ever is lower
Recoverable at Hs 100/ - per month
when the loan Is Hs, 4000/ - and above:

- (b} Purchase of scooter : Cost of vehicle or Rs. 4500/ ur 8§
monthly pay whichewer is lowesl
Recovered at Bs. 75/ per month

(e Purchase of mopeds . Cost of vehicle or Re. 2500/~ or
6 mionths pay whicheeer & lowest,

The other condstions applicable 1o the motor car advance hold good for motor
eyule advance alse,

{c) Cycle advance: Cycle advance can be granted to all non-Governmaent
senvant whi are approved probationess and to LGGS who have put in 5 vears
of regular senvice.

The quantum of advance is Hs. 6007

[nstalment of secovery 40 Instalments;

Th second advance ks permisalble when 6 years have not lapsed from the date
of first advance.

The government sevvant should furnish o certificate to the head of the afficy
that the conveyance i in his possession and & in good order. This certificate is
to be fumished before the pay 15 disbursed and it should be atached with the
pay bill or in the scquittance as the case may be. When ever a goverment
servant sells motyr convevance purchased with Governmien! loans he shouid
apply the sale process towards 1he repayment of the oulstanding value (it
principle and interests). No secontd advance will bia granted o him.
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4.2.1.2. House Building Advance:

1) House building advance may besnnetioned to the Governmunt seruants,
whethor pevmanent or non permaeent. i they have rendred & {sh) years
continuous service.

2) Application will not be entertained from persons who will retire from
sevice with in 5 years from the date of application.

3) Advance to state Govt. servants for consircting a new fiouse Including
acuisition of site for the: umpose of for enlargernent of existing hoose, purchasing
& ready buil howse provided the ready bullt house should be in good condition
1o the sarslaction of the Head of the Department on the certiticate from the
officer of ihe PW I, nor bedow ihe rank of an bxecutive Engneer,

4) Ceiling Loan: 60 months pay and Dearness allowance of Rs, 70000/
whichever & less in the cose of both purchase ol site and ronsiruction of a
House and R=. 60,000/ for construcBion of Houss only.

5] The maxdmum period of recoveny of |he advance and interest s 20 vears,
or the aunilsble period of service before retirement,

6) The advance together with interest should not exceed the amount that will
be recovered {rom the salary of Govt senant during his vervice puriod itali
and at the mte 1/6 of hs pay and Death cum Retitement Gratulty which he
can surrender lowards the repayment of advance.

7} Recovey shall commence from the month following the month of
occupation ur completion af 18 months after disburremont of 1ot instahman
which aver s earller.

Bl Collectoris the authariy 10 sancion House Bullding Advence as faras the
district is eoncerned as per the rocent orders.

9  For enlargement of edvasce magmum of Ks 25000/ sabject 1o the
ceiling the iotal armount should not exceed the maximum bmit of house
tuilding advance.

1) Disbursement of Advance:
L} 20% of the advance for the purchase af plot,
2) 30% on morgaging the land purdhased on the value of advance.

3 409; o the amount remaining after deducting rom the sancfioned amount
of the admnce, the instalment green lor the purchase of land, when the
construction of the hause reaches plinth level,

i) Balance when the hrwse reaches mnf lovel:
Without Land:

1) 3u% an mongage of the land purdhased.

2) 40% wher the house has reached plinth fevel
4) 30% when the house has reached the moof level
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213 Mariage Advance:

{1} For Government servant themselves and for their sons and daughters

21 Agein respect of male — 21 gears. In respect of female 18 yoars. Heads
of Departmient in the city are the sanrfioning suthority and in the mofussel,
Colleciors of the Disrict

M 5 montha pay of OO0/ (0 the mase of male pivernfment senvanis and
zons and Rs, 2000/- in the case of female govermment servants and
daughiers of government servants.

4) 75% ol the adwnce will be sanciioned and disbursed at the first insmnce.
The reminder will be disbursal after the eelebration o the marriage and
after production of utiliEation cermificate n the prescribed fonn with 2
wiir2£es.

5) Approved probationeries in a setvice are eligible lor the advance.

6) The advanee s recoverable I not mare than G0 monthly instalinents.

7) Government servarts who hove put in a service ol more than 10 years
and drawing pay ot less than the pay of the loanee can stand surety

H) Sumety should belong to the same depariment to which loanes
belongs.
6§} The interest shall be calcalated on the following fomeula,

Interest = Ameuntol advance * Mo of Instalments
i)
10) Sanciion of mariage advance shall be entered in thn semvice book:

11} Medical ldentity:cand should be produced for verilication of required by
the sanciloning autheority.

4.2.1.4. Other Advances:

a) Advances for the Purchase of typewriters.

b) Advanee for the purchase of warm-clothing,

¢l Spedal advance suck as those occesionally granted 1o Govemmient senants.
who go abroad, 10 pursue higher stugies.

a) Adience purchaee of typewriters: see An: 235 ol MPC Vol 1

b) Advance purchase for warm clothing: Art: 227 to 229 of the Vol L

Hs. 300/- ur 4 monthly pay which ever & less, may be sanctioned for all

govermient servants posted to any hill stations specified tn wle 7 (1) undey

part] of Tamil Nadu Manusl of Spedal Pay and Allowances.

Rucoverable in 20 inatolments and interest ae per conveynnce advance.

Mo second advance s sdmissilile withind vears ol a previous advance.

¢} Advance for purchase of Khadi: = granted upto one month's pay and

is recoverable in six monthly Instalments af less than Rs. 300 and in 8
instalments, when more amount is given,
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4.3. DISCIPLINARY PROCEEDINGS

The Tamil Nadu Civil Services { Classification, Control and Appaeal) Rules have
ben fmamed by the Gowt. of Tamil Nadu under the proviso to Ariice 309 of
the Constitution of India, These rules came into force on and from 1st January
1955,

The following penzities may be imposed upon a member of the Civil Service of
the State and a parson holding a Cvil post under the State for good and
sufficlent reasons.

4.3.1. Minor Penalties:

(1} Consure

{2) Fine {in the case of persons for whom such penalty s permissible under

these rubes).

{3) With holding ofincrements or promotion including stoppage st an efficiency

bar.

{4) {a) Recovery Bom pay of the whole or part af any primary lo= caused
muanetany to the State Government or the Central Government or to a
Local-body by negligence or breach of orders

[b) Recovery hom pay to the extent neceseary of the monewry value
equivaient 1o the amout of increments ordered i be with held where
suich an order eannot be given-offect to.

(2] Recovery from pay to the extent necessary of the monetary value
equivalent to the amount of reduction 1o a lewer stage in a ime scale
ordered where such an order cannat be given ellect to.

Explanation: In cawws of stoppage of inerement with cumulative effect the
moonetany value equivalent to three fimes the amount of
ineraments ordared o be withheld ey be recovared,

{5) Suspension: Where a person has already beer suspended urder rule
171¢) to the exdent considered necessury by the zuthority
impasing the penaky,

4.32. Major Penalties:

1] Reduction to a lowsr rank In the seniority fist or to & lower post or time

scale whether in the shme servite or in anather sendce State or Subordinoate
or to & lower stage in a time seale.

{2} Compulsony retremuent otherwiie than woder aicle 465(2) or under
Note- I 1o Art 465 A of the Civil Service Regulations.

(3! Removal from the Civil Senvice of the State Government.
{4} Dismissal from the Chil Senvice of the State Governmeni

The suthorlties competant to impose the punishment are detalled in Parh 14
ol tlie Tamil Nadu Services Manual Vol L
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ﬁ)ﬂydhclpﬂuarymi imostiy preceded by a preliminany inguiny or [vestigation,
which will be conducted either by the Directorate of Vigllanice and Anti-
corruption or by the department tsell. This investigation is purely & fsct finding
inquiry to determine whether there ls & prima facle case for a formal enquiny,
Such an enyuiny is only meant for the information of the Governmet or the
disciplinany authorities concernad.

The dassification control and Appeal Rules provide for wo procedures namely
niow: for thee imposition of a major penalty and the other for (he fmposition of 2
minor penally, Once a decision has been taken after a preliminany enguirg or
an lnvestigation thet a ptima face case exists and that lormal disciplinary
procecdings thoyld be instituted againet & dellnquent servard Under thy
classificathon, Control and Appeal Rules, the dscplinary suthority will need w
decide whetlier. proceedings should be taken under sub mile (o) (e for
mmpesing o minar penally) of under sab rule (b) e for Imposing o major
penalty of rule 17 of the said Tules. The choice of the rule (s a matter of vita]
Imparance,

Tive procedure for the mposition of a minor penalny under sub rulefal of
Rule 17 is comparatively simple atid the discplinen procesdings can be
conducted quickly. The procedure under sub rule {b) of the Rule-17 & much
mare-elaborsie and the oral enquiry s held mote or less on the pattern of the
Court Trial, This is necessitaied in the event of the sutisfactony substantintion of
the allegations.

4.3.2.1. Suspension meaning and effect:

Suspension IS an execiifive action thereby a Governmint is kept oul af duty
temporanly pending final action being 12ken agulnst him for acts of indiscipline,
delinguency (fallore o do 'one’s duty), miscemanour (|2 indicatable i o be
charge sheeted) but not a ferodous aftee (Grave affence) ctc. An order or
suspersion has the effect of debaming a Government servant from exercsing
the powers and discharging the duties of his office for the peviod the prder s in
force. A standard form of arder of zuspension [Rule- 171w} of the Tamil Nady
Ciull Services, Classification Control and Appeal Rules] (8 appended to these
notes vide Appendly-|. By reason of suspension, the pessn suspended doss
ol lase his office nor does he suffer any reduction in rank. The only causes to
indrcise the powers and discharge the duties of his office-for thi time being.

{1} Puring the period of suspension l.e. lor the first 6 months, he & paid only
subsistence allowsnce which is nommally 50% ol his last pey drewn Le, an
amount equol o the leavs salary on holl pay. The authority ordering the
suspension & competent in respect of (he period of suspension I excess
ol b months (o vary the sulsistence allowance by an increase’a decrease
naod éneeeding S0 of the same, || on his cpinkon the perlod of spspension
has bedn prolonged due 1o reasons not directly sttrdbuteble/directly
atiribiinable tn the Guvernment servant vide F.H. 53
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fii] Dearness Allowance If admissible in the basis of such leave salan

() Other compensatory Allowances admissible from time to time an the
basis of pay which the Govt servant was |n recsipt on the date of
suspension suliect (o the satisfaction of the competent authari:

No subststence Allowance shall be drawn unless the Governmert servant

fumnishes a cerficate that he is ot engaged in any othar employment,

business, profession or vocation and that he continees to meside in the place

fine] from time o fime by the competent authorlty, The last place of dutv s

usually fined a8 the headquanters of the Government servant during the pericil

of suspension. Lesve cannot he grantod 1o & Gewt sorvant while under
syspension. According to the orders contained in G.0 Ms, No. 211 (Personnel)

and Administration) disted 27 2 1980 the disciplinary proceedirigs against a

suspended Goutt: Employee should be finalised within 3 months and normally

the period of suspension should net excead this lime When the matter has
been relerred o the Direstor of Vighince and Anti-corruption. the period of
suspoansion should ot exceed G wniths,

4.32.2, Subsistence Allowance:

a) Compulsory Dedoctions :

{1} Income Tax

12) House Rant and allied charges.

(3] Repuyment of Loans and Advances tsken from Gowt at such rates as 1he
head of the department deems 1 nght to fix

b} Optional Deductions:

These doductlons should not be made without the written consen: of the

Converroment seswarl.

{11 Subscription o GPF

2] Amwunts due 16 Co operative Stares and Co-operative Credit Sociafies

{3) Refusid of Advances taken fram e GPF.

¢} Deductions that should not be made:

(1} Subseription to GPI

(2] Ameount due on coun afiachment.

[3iRecovery of loss 1o Govtior which a Gowt. servant isresponsible. Subsistence
Allowance is exempted from Court Attachment,

Thet procedire for brposing of any of the minoe penalies pelened w sbove s

ter give: the-delinguen Govt servant a reasonatde upportinity for making any

representation that he may desire tomake and take mo consideration such

represeriaion  belore the order imposing the pesahy fs  passed under

Rule-17(a}

Thae procedure for knposing of any of the iwsjor panalies & presceibed In rule
17161 In thosy cases. the ground on which it i proposed 1o ke actlon shall be
reduced to the form of & definite changels). which shall be commuinicated to
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the person charged together with a statement of allegations on which each
charge Is based. The accused Govt Servant shall also be required with a
reasonable fime fo put in 2 written statement of defence and to state whether
he desires an oral enguiny or 1o be heard in person or both. Charge should be
framed with great care because the success of any disciplinary case depends
primarily on the soundness of the charges.

The following guide lnes will be uselul

{a) Each charge should be expressed i clear-and precise teris it should niot
he vague.

{h) A separate charge be fromed n respect of each allegation

[} Multiphcation ur splitting up of charges on ihe basks of samy allegation
should be syoided.

{d} The wording ol the changes should nol appesr fo b oo éxpression of
opmion as to'the quilt of the accused.

(e} The charges should bit definite and clear jor example in an enquiry into
alleged corruption or incompétence a single charge at a general nature
siich a& eortuption or [hcompeatance cannat be regarded as sulficiamby
(eI

A separate chatge should be framad 0 respect ol ach instanci of cormiption

or incompetence. The charges hased on particular inslances may howiaer bie

cuimbined with & General charge of corruption antd ineompetencd

The Gowt. hawve tssued msiroctions that it s destrable st no mention is made

about the penalty i the chsrge memo bsued ander tule 17 thouah

mention of the penalty would ot be |tself {constitute an Hlegality In the
prodedure to vtiate the enguiny,

The chrge memo should contain the following:

Para [1) Preamble.

{2} The basis forthe charnge.

{3) List of staternants and allegations against the accused officer

(4] The formst of spoecitic charge,

[5] Givinig the scoused officer ressorvible opportunity of rmaking o wiitten
statemerit of detence and if he wants an oral enguing or desires to be
hieard in person or both.

|6} Enclasing the questiannaire lom.

The charge sheet should be accompantid by o lst of witnesses who ore
proposed fo be examined during the oral enguiny In support of the charges
Capies of complaints made by the complainants and coples' of statemints
taken fron witnesses which toem the basis af the charges should be furnished
1y fyfien a1 the thive of commumicanion of the change menio. A Tkt of documwrits
which ire proposed o be producesdin suppost of the charges shoull alas
accomipany thie charge shest
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Thie chame memo should be delivered 1o the Gowt. servant concerned ogether
with the reguired enclosures in person or it may be sent to him by Registered
Post with acknowiedgemant due or il such person s not founcd by dellvering it
at his Jast known place at duty or by giving it to an adulr member of his famiby.
If none of the aloresaid means ane avadlable, it has tobe served by affixing it in
same eanspicuus part of his last known place of duty.

The Governmenl servant should be required to subimit his reply 1o the charge
memo by the date fixed The form of questionnaire 18 to bie resubmitted by him
ity filled in It should bo cavefully noted that (urnishing: along with the
yuestionnaire form of the abova charge mema cannot be a sobstilute for
niking him specifically in the charge memo whether he desires an aral anguiny
or to e heard in person or both and that the fature In this regard will |nitiate:
the proceedings. On receipt of the written statement of defence, the disciplinary
authority should examine it carefully. [f the disciplinany authority finds that any
or all the charges have not been admitted by (he Gowvt servant in his vwritten
staternent of defence, the discplinarny authority may isell enquire Into such
charmes or appomi an lnguirg Authorily to reguire into the truth of the charges
which are not admitted by the delinguent officer. The Inquiry Authority has no
power to compe! atfendance of witnesses and praduction of documents. The
witnessis cited by the prosecution as well as by the delence may be requested
by the Inquiry Authority to appear before him on the date, ime and place
mentioned in the notice of request. The Inguiny Authority may consider the
relevancy of the witnesses cited by the scoused before summoncing them, He
trrany, for special and sulficlent reasons to be recorded inwriting, rehuse tocall a
witness, fafiure to recond, the ressons will vitiate the enguing,

Before the regular hearings cornmence, the accused afficer hos 1o be allowed
for preparing hi defence. the fispection documents. relied upon by the
proseciition In support of the charges. The accused officer s free to ke
eidracts from the documents Preosecution witness mantionad in the list of
wilhhesses furnished to the accused Gost, servant have 1o be examined at the
oral enquing. Witnesses miay be numbered as PW-1, PW 2 tnil $o on Thet right
of the Govt. servant It cross vxamine a winess who hat given evidence agalns
him In & departmental proceeding is a safe quard implicitin the reasonatle
oppaninity to be given to hin under Article 311(2) ol the constitution of india.
Cross-examination in & deparmental-enquiny should s far as possible conlorm
10 the accepted principles of cross examination underthe ndian Evidenc: Act

Decumentaty widence produced at the Ingulry should be propesly proved ay
inn & coxrt. The evidence should i all coses be recorded in the presence of the
persons charged. As far ag possible. cross examination should be done
immeediately after the examination in chief i over the officer changsed is also
entithed to give evidence [n persan. The evidence should be laken down in
writhrig the irrelevam questions and answers shall be ruled oud by the Inguing
Oficer. The depositions are to be read over amd sipied by the persans
concarned in token of thelr having been comectly recorded. 1 the departmental
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ehguiry is conducted on the complaint at-a private pesson or body the
eomplainant should not be allowed to cross examine the officer charged but
the camplainant may suggest the question fo the: Inguing Offlcer to be put 1o
the witnesses produced in defence of the Gificer chatged or the Innuin Officer
may in his diseretion permit the complamant hirmsell ta eross examine the said
witress:

Alter thia completion of the production of evidence on both sidec. the Inquin
Dfficer will ask the accused Govt servamt to put in any further statement of his
difence, il he so desires.

After hiving heard and recarded. the whaole or part of the evidence if there 5 a
change of Inguing Officer for any reason. the new otficer appointed as [nguiny
officer may proceed with the enquing fram the stage feft by the predecassor, If
howevir, the mew [nguiry Officer i of the opinton that a further fresh examinabion
of any witness whose evidence has already been recorded, {5 necessand in the
interest of justice, he may recall such wilness for examination

If the accused Govt, servant 1o whom charge memo has been delivered does
nist submit the written statement of defernce on or before a date specified for
\he purpose or does not appear in persan before the Inguiry Cficer or
otherwise fails or refused to comply with the provisions of the classification.
Control and Appeal Rules, the Inguiry Officer may hold the enquiny exparty, [n
exparty proceedinge alse, the enfire quantum of the enquiny has ‘to b gone
through.

The officer holding the enguiry should ‘record His findings on each charge
separately after carefully considering the evidence adduced in support of it as
well z5 that for the defence.

Tt is left open to the Engulry Oificer to make recommendations in cases taken
wpp by Bim. Lo case where he s directed to hold the enguiny, it i& left open to the
afficer ardering the enquiry to direct the Enguiny Officer to firske recommen
dations or not as he desires fii

The report of the Inguiny Officer should contaln among ather things: his
findings on each article of charge

The fndings and recommendations of the Inguing Officer are advisory In
character and are not binding on the disciplinany authonty whi can disagree
with them and come to his own assessment of the evidence forming part of the
record of enguiny

The disciplinaky authority will examing the report and record of enguiny
carefully and dispossiahately and after justifving himself that the Gavt. servant
has Been given a ressonable opportunity to defind himself will record his
findings in respect of each charge, say whether in his opinion stands, proved o
not i the disciplinary authority disagrees with the findings of the Inguiny
Oifficer, or-any charge, the reasans for such disagresment shall be recarded.
Having regard to his own findings on the charges, if the disciplinany authonty &
of the opinion that any of the minor penalties may be imposed on the Gowt,
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servant, such o minot penalty can be imposed on the Govl. servalit, such a
minor penally can be imposed on the Govl, servant straight oway by furnisting
a éopy of the report of the Inguiry Officer withoint issiing 8 second show cause
nothie,

Tni the case uf imposition of Majur Penalties. the competent authorisy will have
1o arfve at @ provisional contlusion having regard to the penaly to be
imposed. The accused Goul, servans shall then be supplied wifh (he coples of
the full repori of the Inquiry authority and the calling upon in show cause
within a reszonahle fime not oridinarily exceeding one modth dgainst the
imposition of the particular penakiy proposed 1o be inficted

The Accused Govl. servant is entified 1o make a répresentation in reply o the
showr caitse noticy on the metis of the case and on the guantum of punishment
proposad or he may point out procedural lacunae and delects in the inguiry,
The Gow senvant concemed must ¢confing his representation fo the evidence
produced during the enguing. No new ovidence. dacurmantary or oral canbe
peritittied to be produced.

Thit persion charged shall be heard in person at any stage if he so desires
bafoew passing o final order,

What i person charged demands a personal hearing, after the issue of & show
causy notos e may e ohven & personel hearlng provided no such hearing
wis given in the first, nstance and the fscts brought outin the pesonal hearing
and the representation to the show cause nutice may be considered iogether
and final orders passed without any nead Tor ssuing a fresh show eause notice
afrer-such personal hearing. The erders of the competent authorily impoesing
the penalty should shown that vanous aspects-of the findings which are dealt
with by the actused Officer In his ropresentation are consldered and it Is tha
duty of the punishing muthurity to aamine the lndings and satishy himself thal
the finding does prove {he guil of the accused. |t i obligatury on the part of the
authorlty concerned to cunsider the further represuntations after the issue of
show cause natics i all s adpects belare confirming the provisional edaichushon.
1 18 cipert lo-thee authority to impese a lesser penalty than the ona propesed in
the show cause notice no materlal of which the Govt servant was nat given
peir notice and he: wes not ghen adequate opportunity of mebutting or
delending himsall againgst should be taken into account for deciding the
gumrtum of puplshiment 1o be awarded. The final order should be a speaking
order and should be signed by the disdplinany authority competent fo impose
the penaly, The order must be cammunicated to the persons chamged and
commutication of the order s complete a3 soon as an order 1e lssaed and seint
et fo the Gesermmoent senant coneeimad, no matter when he actually raceived
i
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4 4. Miscellaneous

4.4.1. Seyvice Register:

A record of the sevvice of Gow. servant should be mainizined in accordance
with the nules framed by the gowt. under Fundamental Rules. A service book in
FR. Form No. 10, should be opened at his oan cost as soon as he 5 selected
for admission to 2 Govt service and is un probeation for that service. This will be -
kept in the custody of the Head of offite in which he may be serving, All @ntries
shoull be made and attested by the Head of olfice. It will be gant from Offie to
office ym trancfor.

Tt s the duty of every Gout. servant to see thal his service bobk is properiy
mamtained and that all entries in it are attested

Mie following particulars of a Govt. servant's official ife would be regularky and
consecuently recarded in the service recister. Such entry should be verified
with reference wi depanmental orders, pay bills and leave stetements. Ench
antry should] be made by the Head of offize,

(1] Temporary and officiating promution of all kinds,

(2| The date of commencement of probation and the date on which the

perind of probation is satisfactorily completed,

13} Incrementand refixation of Pay and allowances

{d) Tranzters. date of relief, die of joining et

I5) Leave or absence taken,

l6) Special Tests,

The date of birth should be duly verified and cemificate of verification should
be recorded in the Senvice registers

The Service Reglsters are to be verified annually (in Januarny) and a certificate
should be recorded.

The officers inspecting suburdinate olfices, inspect the service books maintained

and see that they are maintained properly as per rules and upto date.

A gquinguonnial verification should be done and the anires attested ‘ance in

five years.

Common mistakes found in the sendce registers due 1o thelr not being

pwoperly checked are:

1. Date of hirth not vertied, date-of birth not weitten in words, date ol binh
altered and not regularised.

2 Qualificabion not recorded comectly or falsely recorded,

3 Leave acoount not uritten up and mistnlkenhy by worked out

4 Nominations for GPF.FRF., D.CR. Grahuity ate. ndt properly signed by
the Government servant and attestad by a Gazetted alfides
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Aquestionnaire should be pastedin rear of the front cover Indicating all checks
lor the proper malntenance -of the Senvice Registers, Every Govt. sarvant
shuuld see in his own interest that his service register i maintained regulary
and properhyand is available always.

The Governmani servants are bound by Gowt. sebvan! conduct ru]m_._
Irundamental rules, the Madras Chvil Services (Classification Contral Appeal)
rules and pension code with relerence 10 1he service conditions

4.4.2. Government Servants Conduct Rules (1973)

Theso niles are very imporant as apy vialation of these rulies 15 likedy ta fead to
very serious cornsequences with regard 1o continuing and holding the post In
Gint. senvice, These rules are thevefore to be chserved and followed very
strictly by every Govl. servant. These rules contaih 22 rules annaxures and
foyms and-sat oul norms {or the behaviour of a Govt servant in respect of the:
following iters

(1) Gifts, {2) Public Demonstiations in honour of Govt. servants. (3)
Subscriptions, () Investments, lending & borrowing. (51 Acquisition of movable
and Immovable praperty, (6) Private tracle and emplowment, (7) Taking par in
polities and elections, (8) Integrity and devetlon to duty, (9] Consumption of
intesieativg deinks and druas, (10) Siates and demonstratioos and the like.

Accarding 10 these niles every Govt Senvant s required to submit annal
tetres muvible and immonvable properties and retums of assets and Babififias
otige it fhat years

Te Introduce you to the lundamental of the rules a briefl rote on the impartant
rutliss s glven below

4.4.2.1. Gifts:
Mo Gowt. servant shall except with the previous sanction of the Govt. acespt or

permit his wife or any member of his farmily to accept from any person any gift
Definition fior the warious sorks of glits are specified n the nule.

4422 Public demonstration in honour of Government Servants:

Mo Gowl. servant shall, except with the previous sanction of the Governmaent,
receve any complimentary or valedictory address or accept any tesamonial or
attend sy meating of enterzinment held in his hanour

4.4.2.3. Subscription;

Ne Gowt. servani shall except with the prior permission of the Govt. ask for or
sccept contrlbution to or otherwise associate himsal with the mising of any
fusd or other collections in cash or in kind in persuance of any ohjeet,

4434 Investments, lending and borrowing:

Mo Genvernment sarvant shall except after notice to the prescribed autharliv,
acjulre or dispose of any fmmovable property by leade, morngage. purchase,
sale aift. exchangi or otherwise gither In his own nione or i the name ol any
mierbarof his family
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4.4.3.5. Private trade or employment:

Mo Government semvanit shill, excent with the mrevious sanction of Governmen
engage himself direatly or Indirectly in any trade or business ur undertake amy
pinployment.

4.4.3.7, Insolvency and babitual indebtedness:

A Governmen! servant shall endeavour to ovald habliwal indebtedness ar
insnlvency,

4.4.3.8. Unauthorised communications of information:

No Gowt servant shall except with the previous sanction of the Gowt,
communicate directly or indirectly any official decument or any part thereafl oy
fnfosmation to oy Gaowl. sefvant or any other person o whom be 8 not
otharised to communiuste sich docurments or informistiun,

4.4.3.9. Sapction with press and Radio:
Ne Govt, Servant shiall except with the previous sanctlon of the Gevernment:

awtl whally or iy pant of cotduct of panticipate in the'editing or managiog of
uay Newspaper or other peradical publication

4.4.3.10. Criticism of Government

Mo Ciout servarit i any radio broadcast or any document published anonyrmousiy
o in his csan pinrme or i the ame of amy other peeson or in any communieation
to the Press or in any public uiterance, make any statement of fact or oplnion

which has the effect of an adverse criticsm of any current or recent policy ar
action of the Central or State Govgriment

4.4.3.11. Evidence before Commitice:

No Govt: servant shall, excepl with the previous sunction of the Gov. ghe
evidenca in connection with any enguiry conducted by arw person, commifies
or autharing

4.4.3.12. Taking part in politics and election:

o Government servan shall be a memiber of or & otherwise sssociated with
mny political party or gny organiation which mkes pan in politis nor shall be
takas part In subscrbe in sd ol or sssied ln any ather manner, any polidieal
el e Or-achving.

4.4.3.13. Violation of Acts and Character of Govt. Servants:

No Gow. servant, shall exceptwith the sanction uf Govt. have recourse to press
far the indication of any offical act which has been the subject matter of
adverse criticiam or an attach of defarmatorny charactor
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4.4.3.14. Employment under or with near relatives in service and
employment of near relatives in firm employing Govi.
palronage.

Every member of State Service shall inform his immediate official superior i a

member of State closely related to him is posted ro work under him.

4.4.3.15. Canvassing of Non-official or Other outside influence.

Mo Gow. servant shall bring or attempt 1o bring nny political or other outside
influgnce 1o bear upon amy superior authority to further his interest in respect
uf matters pertaining to his sendoes under thy Government.

4.4.3.16. Bigamous Marriages:
Moo, servart whi has a wile ldpg shall contrmch another marriage without
first obtalning the perrmission ol Goermmiend

4.4 3.17. Integrity and devotion of duty:

Every member of service shall at all times maintaln absalite Integrity and
devation ta yhity and shall to nathéng which is unbecomibg of o member of
service

4.4.3.18. Consumption of intaxicating Drinks and Drugs

A Government Servant shall siricthy abide by any law, relating o inboxicsting
drinks or drugs inforce in any area which he may hoppeans 1o be jor the sme-
belng

4.4.3.19 Divisional

Article 3 11(2) of the Constitution of India, lays down as follows:
“No such persan (who is 8 member of Civil Service) shall be dismissed or
remeved or reduced in rang except alter an enguiry in which he hes been
infarmed of the charges against him and given 2 reasonable opportunity of
etng heard in respoct of those charges and where It s proposed after sueh
enguing ho impose oh him any such penalry, until he has been given a
ressonacie opparttunity of making representations on the penally proposed,
bt unby there basis of the evidence adduced during such enguin”

The elaborate procedure to be adopted to meel with the above requirements,
rules retarding appeals ete are given | these niles

4.4.3.20. Confidential Reports:
The canlidential reports on work and conduct of subordinates are writien by
officers perodically e, Hall Yearly or Yearly in respect of Gazetted Officers
and Non-Gigetted Officers who are to be promoted 10 Gazetted Posts: This
report is Important one for a subordinate 1o get his completion of probation
and also promotion to next higher post. gy



V. ASSOCIATION INFORMATIONS

5.1 CONSTITUTION OF TNEA.

5.1.1. Title

The Title ol the Association shall be "TAMILNADU ENGINEERING
ASSOCIATION. P.W.D.. MADRAS-57

5.1.2. Head Quarters
The Headquariers for this assoclation shall be "MADHRAS®

5.1.3. Recognition

This Association wasestablishid in 1910 and recognisedin G O Ms No. 522
Publicis] Dept. dated 27-9-1928. Vide Appendix |.

5.1.4. Objects

The abjects of this association shall be as follows:—

#)  To render efficient service to the Nation and pariicipate in building up &
Soclalistic Society,

b} To saleguard and promobe the interests and rights of members of the
aszocialion and 1o get redressal of thelr grievances

g} To elevata the Engineering profession and 1o ralse the standard of the
profession,

d) Topromote soclal, educational, seonomical, maral and cultural upliit of
members as well ag Nation.

e} To putforth an economic solution in the implementation of Schemes

fi To provide lurther education for members on Engineering.

gl Toconductjouwmals for the uplift of Technical and General-knowledge of
members.

h) To sivive for sulving unemployved and under-emploved problem of
Engineering parsonnel

|  To getaffilisted with any of the llke-minded Association in this nation.

5.1.5. Definitions

"Member" meansthe parson who bave been qualified and snmolled by paying
the dnnual subseription 10 any of the branches in Tamilnadu in & year,
"Associate member " meaans the person who have been fully qualified to hold
the post of “Members™ and are under-emploved for want of vacancy but
enralled by paying the subscription to any one of the branchesin Tamilnaduin
o year
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"Honarary Member” means a retired member on superannuation who was
requested: by this association to continue his activities {or this association.
No enrolment fee is necessary for such of those memberg.

“Life Members" means persons who paid the subscription covering the life
fime of the mémber as per subscription fixed from lime to time.
“Assoclation” means the central unit of this association having jurisdiction of
entire Tamilnadu with its headquarters at Madras.

“Branch-Association” means the sub-unit of the Association having defined
jurisdiction as authorised by this association.

"Year” means normally the calender year beginning with January te
December.

"B.G.C." means Branch Goverring Councll comprising of Branch office
bearers and Branch working committee members.

“BWC member” means the elected member at the rate of one per avery ten

b,

“B.G.B."means the General-bodv of the branch assoclation conslsting of all
the members in the rolls of respective branch.

“GC" means the General Council of the association comprising ol Ceniral
Oifice bearars and branch office bearers.

"CEC" means the Central Executive Committes compnising of Central Office
bearers, branch secretaries and One Ceniral Executive Committee member
from all the branches,

"CC" means the Central Cabinet of the association comprising of all the
Cantral Office bearers.

5.1.6. Structure of the Association

5.1.6.1 Branch Unit:

"Branch Cabinet” consisis of the following olfice bearers alectad by the
Branch General-body once in & year,
Chairman 1
Vice-Chairman 1
Branch-Secretary B
Joint-Secretany 2
Treasurer cum CEC Member X

Total 6 Nos.

In addition, Branch working committee membars st the rate of not less than
one for every ten membersin the branch are also to be elecied. While fixing the
No. of B.W.C. members the No. Is'to be arrived by rounding off to the next
higher even number, Branch Cobinet and Branch working commitiee
members constitite the "Branch Governing Council”™

TheTerm {or the office bearers so elucted by the Branch General Body will be
one year from the date of eleciion
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5.1.6.2 Central Unit:

“Ceniral Cabinet” consists of fhe following office bearers elected by the
“Generl Coundll” of this association.

President
Vice-President

General Secretary
Secretary-Organisafion
Secretary-Publication
Secretary-Finance
Secretary-Legal
Secrefany-Head Quarters
Secretany-Pongum MNidhi
Zonal Secretary North
Zonal Secretary South
Zonal Secretary East

Zonal Secretary West
Total

o |l [ el il il il i il fnil
G

The General Council consists of Central Office bearers and Branch Cabinet
members. The election is to be preferably conducted in a central place of
Tamilnadu (viz), Tiruchy to have a fairly uniform expenditure to all the
branches. The "Central Executive Committee" constitules of Central Cablnet
with Branch Secretaries and one C.E,C. Member from every branch besides
the members of the previous Cabinet who have not elected in the succeading

election.

The Temm of Central Cabinet, General Councll and Central Executive
Committee shall be one year from the date of election.

5.1.7 Relation between Central / Branch Units

All the Branches in Tamil Nadu will be under the overall control of Central
Unit. Any issue affecting the interests of the members purely within the
respective branch jurisdiction shall be dealt with by the Branch Unit directly as
it decides. But on all issues of common nature, proposals are to be sent to the
Central Unit as and when felt by the Branch UniL Central Unitin tum will
review the matter in detail and can deal directly or issue directive 1o Branches.

Any resolution passed in Central Unit hazs 1o be adhered to by all the
Branches
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5.1.8. Functions of various structures

5.1.8.1. Branch Genral Bodu:

General: Branch Geneml body comprising of every member in the tolls of
respective Branch or any other branches members, transferved on dutyto one
of the places having jurisdication to the branch recently. The membership-
certificate lssued an payment of subscription fees is to be brought by the
respective member durng General body meeting. In case of dispute the
member unable o produce the Membership certificate 1o the General-body
shall not be allowed to avail voting power, Branch General body shall be
convened notless than twice a year on Februany and August. The guorum
shall be 15 members or 50% of total members whichever is less Memberg’
incidental charges are to be borme by themselves. The branch shall incur
expenditure for light refrezhments served during meeting hours subject ta the
availability of funde. Meeting chall be convened by Branch Secretary with
IS days time notice atleast.

Function: The activilies of Branch General Bodu shall be as lollows: —

i} Todiscuss and pass resolutions on any object of this association,
iij To run Technical clubs for improving the technical knowledge of
members,
i} To consider and admit the audited accounts.
iv) To elect Branch Governing Council members,
v} To mise funds for the benefit of association.
vi) To donate any amount from its funds to official oroanisation directly.

5.1.8.2 Branch Goveming Council:

General: Branch Governlng Council constitutes of all elected Branch Cabinet
members and Branch working Committee Members, This meeting shall
generallybe canvened by the Branch Secretary before the conduct of Central
Executive Committee with a notice of 7 days time. The quorum shall be 60% of
the total members. All the incidental and travelling charges for these meetings
shall be borned from the Branch lumds il branch desires

Funcilons: The Activities of the BOC shall be as folloivs:

i}  Todiscussand pass resolutions on the subjectincluded in “Agenda lor
the ensuing CEC,

it} Togivedirectives to Branch Secretary and CEC Member in respect of
Branch association’s stand.
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fiil Toinclude any other subject for the CEC.

w] To putforth any practical difficulties In setlling the amears due 16
assoclation and to find out 2 solution

v) To bring to the notice of any anti-association propaganda or mis-
propaganda by anymember in s jurisdication for proposing
disciplinary action

vl To donate any amount from lis funds to official organisations directly.

5.1.8.3 Branch Cabinet:
Functions: The lollowing activities ol the BC shall be as follows:—

I} Torepresentin person and explain the grievance to the local officlal on
the iszues by BGC and BGB

it} Toetectively organise the branch day by day and to try to enroll all the
gualified members of their branch.

m) To inform the Central Cabinet members regarding the views under
consideration.

iv) Taoevaluate & solation for clearsnce of amear funds from membars.

vl Tomeet the Hon Minister and suthoritizs concerned while on campin
their jurissiction for presenting coples of memoranda drafted from
Central Unit and to explain in detail, wherever time is permitted.

vl Takeep mformed on the major demands in-details such of thase to be
passed by legislature to the local MLA's and MIL.Cs and its
development then and there.

5.1.8.4. General Council:

General: General Council consists of all the Central Cabinet and Branch
Cabinet memburs. The quorum for oll its meetings shall be 60% of its full
strength. General Councll shall be convened not less than once [ a year
during August-September. The expenditure lor the branch office bearers for
their juumey to be barne by the respective branches in full and in case by
Central Office bearers, by the Central Unit in full. The meeting shall be
comvened by the President in the Centre of State preferably at Tiruchy with a
nolice of not less than 15 days time. All Eranches to remit 100/- to the Host
branch arranging fhe General Council In addition, the Central Unit will pay
Rs 500/ lor the above purposs

CGeneral Council shall be convened by the President more than once a year
whenatleas: 60 of the branches write 10 Central Unit or when the presidam
feels necessary (0 the interest ol the assocaition aclivifes.
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Functions: The activities of the General Cauncll shall be as follows:

] To discuss and decide any lssue as & Supreme body of this
assoclation.

i) To elect the Central Office bearers

iii] To conirol the funds of this assoclation.

] The Geneml Council Is empowered to pass no confidence motian on
Central Office bearers by a majority of not less than 2/3 of members.

5.1.8.5 Central Executive Committee:

General: Central Executive Committes consists of all Central Office bearers.
Braneh Secretaries and ane CEC maenyber from each Branch besides the ex-
office bearers of the previous sel up. CEC to be convened atleas! unce in
3 months by rotation at each Branch headguarters or In places as decided
by the Branch concerned, by Genezral Secretary with a notice of not less than
15 days time. The quorum shall be 7% of its member.

The expenditure towards to Convening of the meefing shall be met with by
remitting Rs. 75/~ by all branches. In addition Re.300/- to be paid by the
Caontral Unit.

CEC shall be canvened by the General Secretary when atleast 67% of the
branches write so to the General Secretary or when the president fesls
NECessaTy,

Functions: The activities of the CEC shall be'as follows

t} Todiscussand pass any resolution on any of the subjects in the interest
-of association,

ii) To suggest vanous proposals for the effective and economical
administrative in P.W.D.

i) To nominate sub-committess an défined subjects-and to fix up their
|urisdiction.

) To raise funds and o fiz up targets to bmanches,
v To mappropriate the funds alloted under each head
) To consider and pass on the audited annual atoaunis.
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Powers:
Il The CEC has lo authorise for filing 'Suits in any Court on the lssues

i

i)
i)

vl

aﬁ!tﬁng the Interests of alleast 10 members after obtaining the legl
oplnions.

To affilinte with other Engineering association in this nation havirg

similar objects provided thet this sssociation is governed by s oun

constitution in respect of the activitis affecing the members:

Ta dunate funds to any official organisation in the Inferest common
cause In casas of eyclone, flood, famine and other natural calamities.

To amend the constitution endorsed by not less than 67% of the

members attend he meeting.

To fill up the vacancy in CC fill nexi GC.

5.1.8.6 Central Cabinet:

General: Centr! Cabinet consists of all the Centzl Office bearers,
The quonum shal be eight members Inchaling three member from molfusl,
Central Cabinet shall be convened by the General Secretary onceln a month
preferably at Madres. Inddenin| and travelling chares 1o members shall be
bariie by the Cenarral Uil i full.

Functions: The acllvities of the Ceniral Cabinet shall be as follows:

i)

To discuss and decide the mode of follow up acfon on the lines of
resolutions passed in CECL

)] To mest and discuss with authcritles concemed on the affair in
considerafion

i} Todevote any timely consideration on any emercent issues atfecing
tha interests of this association

v} To meei the Honourable Ministers concemed in deleganon for
explaining the demands in person,

vl Tonomimate Honorery membars of this association.

5.1.9. Membership:

a) All the Government servants employed under the Tamil Madu
Engineering Services and Tamil Madu Engingering Subordinate
Survicas ate qualfied to be “Members” of the assoclation

b)  Personsquallfiedio enterin service In any of the above two services but
are under employed in P.W.D. for want ol varancy are permitted io be
"Assoclale Membors” of the atsocintion

c)  Persons retired from any one of ‘he abore two services and who bad
been requested by the Cantral Linit o be "Honorary Member” of this
association.

dl Al the members should abide by the ‘Code for members’,



L/ Enginiees” Gride

5.1.10 Subscription from Members:

a)  Theannual-subscription means the subscription for one colender year.
The annual subscriptton for membership will be Rs50/+ per anmum,
payable in one instalment before the end of January in the respective
wear.

bl  Membemnhip fee at the above mates shall be collected fram ‘Members'
and Associate Members”, No fee will be collected from Hony. member=.
But donations will be accepted.

¢}  Theannual subscription lrom members who jolned in service in middle
of the year shall be collected within two months peried from the date of
Joining dutyin the middle of the vear.

d) Thememberof the preceeding year shallbe memberin surceeding yoss
Hll the due dates fised above.

¢}  Membershipfrom any bronch will be irensferable to any other branches
consequent of tmnsfer on duty, In such cases it shall ba the duty of
mémber concemed to inform bath the hranches snd Contral unit

quofing old and new address with the Membership No. assigned to
every individual,

5.1.11. Allocation of Subscription Fee:

The allocation of subseription fee collected shall be made as decided from
lime to tme.

5.1.12. Privilages to Members:

a) Al hememberswill be allowed to avall the benefits obtained, subscribe
articles to joumnals, to express their vieus freely and frankly in the
appropriate meetings of o correspond through the brznch concemed.
However eammon lssues on fhe Interest of not less than 5 membars of
the sssoclation shall alone be considered in addition o the objecss of
this assacintion.

Bl A copy of monthly journal shall be senl fo every member dinectly
by post regularly il the membarship continues.

¢) Full pladged members shall be allowed to vote in the Branch
generz| body meetings.
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5.1.13. Release of Diary:

a)

b)

For this purpose a ‘Diary Committee’, of 5 members be nominated by
the CEC every year by the month of July. The *Central Cabimet'
members shall be the Ex-officio members to this Sub Committee. This
Commitiue is fully empowered for fixing tariff to adveriisements,
compilation of diary collection of advertisements directly through
branches. Selection of Printers. Proal correction and for the release of
‘Diary’ before 16th December of that year.

The ‘[Hary-fund’ shall be transacted by the Central Unll under the
control of Diery Committes. Any drawal shall be regulated on written
requesition from the Diary-Commiltee Chariman.

5.1.14. Resignation:

)

b}

d)

Resignation of membership shall be considered and accepted by the
concerned Branch General body il there Is no loss 1o association.on the
grounds fumished by members in writing to the Branch-Secretary.
Resignation of any Central Office bearers shall be addressed by
member eoncemed 1o President I writing, The grounds shall be
considered in CEC meeting and can be accepted il there isna loss 1o the
associafion.

In cases ofany chames which cannot be matified a legal proceedings ista
ba taken on the cancerned, by Branch genaral body or CEC an cases of
Branch and Central respeciively.

Vacancy caused so shall be filled by the respective BGC ar CEC as the
case may be.

5.1.15 Suspension of Members;

Any number of the assoclation shall be first served with & show cause-notice
by the President or Chairman stating why not the member be suspended on
finding fault either one of the following grounds or any other ground as
decides] by BGC or CEC as the cose miay be:

a)
b}
£)
d)
e}
f)
a

Anti-association movernents.

Disobediense an the “Code for Membears",

Evasion for the remittance of funds collected on behalf of association,
Misapproprdation of machinery for personal benefits.

Misuse of association machinery,

Non-cooperalive in assoclation movements.

Dismissal from service on reasons whete there i no chance lor any
appeal in cour of law.
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Atime limitof 10 days shall be allowed for offering concarned member's reply.
Failing which, or on unjustifiable reply the BGC or CEC Is empowered fo
suspend the member elther temporarily or permanently in cases of Branch
and Central respectively

5.1.16, Duties of Office Bearers

The following shall be the duties and lookouts of the respective members.
5.1.16.1 Central Unit

a)
i)

i)
fii)

i)
b)

i}
i)

President:

To have overall Control an central unit and all the branches of the
nssociation.

To convene emergent meetings of CC, CEC and GC over looking
the nommal notice to members considering the depth of Issues.

To convene emergent meetings of CC CEC and GC over luoking the
normal notice to members considering the depth of issues.

To watch closely the interest of all sections of service,
Vice-President:

To perform the duties of President in the event of absence.

General Secretary

To represent, explain and discuss with authorities and Hon'ble
Ministers concemned on the stand of this associafion.

To convene GC and CEC maetings.

To aperate In the |oint account of this association:

To scrutinise the justification of bills received and to pass them before
payment.

Toengage the services ol a parr-time orfull time clesk and office-boy to
assist in his work considering the funds available,

To Issue “Press-releases” on the lines of resolutions passed in GC, CEC
and CC meetings

To participate in other like minded assoclation’s meatings for gathering
suppart as (o express the association stand and activities el

To obtain legsl opinion on such of the issues, the GC decides:

To present an annual Budget in the CEC by February of evry year.
Tolncur expendilure on purchase of arficlesin the interest of upkeep of
assoclation office. Such of those tems cannot be met with from the
funs available, a specific approval of CEC shall be obtained.
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i}
ii}
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Secretary-Organisation
To effectively organise. to build up the association day by day.
To perform the duties of General-Secreiany in his absence

The following records are to be maintained.

i}

)

e)
i
i)

il
fiil)
i)

v)

vi)

1) Membership Ragister
2]  Minutes book

3) Reyister of Hesolutions
4} Reglster of actvities

5] History baak

To communicate the minutes of GC, CEC, and GC meetings within a
week's thine.

To conespond with the branches an the acilvitize in move,

Secretary-Publicasion:
To be the Editor and Publisher ol the monthly joumal “Poriyiyal Kadir™.

To select and publish articles strictly on the lines of ducisions taken by
the association

Secretary-Finance:

To receivee and acknowledae by tssuing necessary printed receipts
for me sums received dye to this association and 1o remit al| such
eollections then and there into Joint-Account in favour of TNEA,
PWD., Madras-5" in one of the Nationalised Bank=.

To dishurse on zll the claims with proper acknowledgement and
presapve them under his custody,

Tio mainizin the following Registers:

1) Cash Book 2) General Ledger  3) Rogieter of Receipt Books.
To prepare receipt and charges siatement twice in a year (viz) to end of
March and July.

To close the cash book at the end of every month and should be
got raviewad by the CC.

Tokeepa cash balance of Rs 1000/- for meeting outincidental chasges
then and there. Transactions more than Rs. 100/« shall be issued by
cheque wherever possitie,

To admit and reimburse the permanent imprest ai Rs 200/ o all
Central Cablngt member,
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Secretary-legal:

To obtain the legal epinion on such of issues. the GC decides.

To follow up the legal activities of the assoclation.

To effectively organise the callection of legal fund and to maintain 4
sopatate lodgers showing the details of legal fund received from the
individual mambers branch wise and legal expenses incured upto
date.

Secreiary-Head quarters:

Ta heincharge of the office [unctioning, administration and its upkesp.
To be incharge of all the mevable and immovable properties of the
association,
To look alter the persanal grievences received from the members
through the concerned branches.
To effectively watch the Quamerly meetings comvened by the
Supermtending Englneers,
To maintain the following records:

1. Register of Tools & Plants.

2. Register of immowble properties:
3. Raglster of Library boaka

4. Register of Telephone calls

Serretary-Ponkum hidhi:

To be incharga of the Ponkum Nidhi trensaction as per Ponkum Nidhi
Rules.

To maintain all the related reccords, cash book of Ponkum Nidhi.

To effectively watch on the Ponkur Nidhi functioning.

5.1.16.2 Branch Offce Bearers:

a)
]
i)
i)
iv)

Chalrmam

To function as & leader of the Branch,

To preside all the General body, lnlomal, working Committee and
Branch Cabinel meetings.

Te issue press-release on respective Branch unit activities

To represent and explain the suthorities incharge within the branch
jurisdication on the asscciation demande,
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Vice-Chairman:

Té assist the Chairman 4o render his duties on all the activities.
To perform all the dutles of Chairman on his absence.
To guide the Branch Oifice bearers.

Branch-Secretary:

To be incharge of the respective branch in all its activities,

To communicate the minutes of all the meetings to Central Linit and
Branch members within a week time.

To convene BGE Informal, BWC iueetings efc, considering the
necessity and circumstances prevailing.

Ta represent the views of Branch members in CEC Meetings.

To enroll members.

To have a contral of all receipts of “TNEA, PWD Branch" is to he
malntained in any one of the Nationalised Banks.

To close the Receipts and charges account al the end of March and
July of every year and to present the same to the ensuing BGB,
BWC, CEC meetings.

To represent and explain the authoritiesin charge withini the respective
Branch jurisdiction for the redressal of grievances on the lines af the
association’s stand.

To maintain the following records and to keep eustody of them.
Membership Hegister

Minutes Book

Register of Resolutions passed

Register of articles and Books
Stock file

Correspondence files
[espatch Register

Stamp account

Do 3 O 11 e GRS =

To administrate a small office and to keep custady of all the belongings
ic the association with the assitance of members in héad quarters and if
necessany with a part-ime employes.subjectto the availability of funds,

Joint Secretaries:

To assist the Secretary for rendering his dufies,

Toperformall the dulles of Branch Secretaryin hisabsence by the Joint
Secretary nearer to the Branch Head Quarters.

To mobilise and strengthen the Branch Association by explaining the
scfivities of this association thenand there o members by allocating the
Branch jurisdiction amang both the joint Secretaries.
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e}  Branch-Treasurer-cum-CEC Membeér:

I} To receive and acknowledge by Issuing necessary printed receipts for
the amount due io association,
i) To dishurse on al the claims for the claims made to fhe association.
il To have a cash balance of Rs.100/- for such Incidental expanses and
any amount than that shall be paid by cheques wherever possible.
W) To maintaln the billowing reglsters.

1. Cashbook
2. Genaeml Ledger
3. Register of Recelipt books
v} Tokespeustodycfall the records on every transaction in the respeciive
branch.
vl Toprepare Reealpts and Chagoe statement twice in a year (viz) March
and July and to present them in the ensuing BGB, BGC & CEC.

vil) To reimburse & permanent imprest of Rs50/- wih the Branch
Secretary for peity expenses.

Wil  Ta bellason member between branch and central unit by representing
the Banch Members views In CEC Meetings and to explain the
discussions taken m CEC to the Branch meeting

ix) Toberepresentative of Central unit in the Branch for the collection of
nrmarl.umh. subseription fees o the Central UnitL

%) To accelemte the movement of memben by explaining the canses
for success, evasion and fallure on the association activitles.

5.1.17. Upkeep of Accounts

5.1.17.1 Central:

All the receipts and charges shall be credited and debited respectively to the
Jaint sccount in favuur of "TNEA, PWD, Madms-5'in ane of the Natlonalised
Banks. The Secratary Finance to maintain the cash book and general ledger.
The funds under various heads (viz) members subscription, Diary-funds,
Porigival Kadhir, Building fund etc. shall be detailed in the genernl ledger
which shall be a roady seference. The Chatrman of any sub commitice
nominated shall have powers to draw on request in wirting.

5.1.17.2 Branch:

Similar to Centrel Unit & joint account in favour of TNEA, PWD ... Branch’
shallbe operaiedin the branch of the hank so that ‘Mail bransfersystem can be
acopted with least expenses to branch association, The other rules govem
Central Unit shall hold goed to Branches also.
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5.1.18, Audit of Accounts

Anaudit commiites of 3 membiers includinga Chiairman shall be elected inthe
General Council or General body 2s the case may be of Central or Bibnch unit
once in & year.

5.1.19. Formaton of Sub-committees

The CEC is empowerad to nominate any sub-commitiee on defined subject,
jurisdiction, time imit, persons in the interest of a clear conceniration o carry
out the assoclation activities. [n all such committees, the central cabinet shall

be ex-officio body to quide in appropriate time.
5.1.20 Publication of Monthly Journal

“Portylyal Kodir shall be the monthh) joumal to all members for enlightening
the developmenl of various actlvites of this associition and ke minded
association. It shall be despatched to all members direclty by post every
month, All members shall avall the previlege of contributing articles to this
journal and they are o be sent to the ‘Secretary-Publication-cum Edlitor”
5.1.21 Code for Membry

The code for members shall be as in Appendix I

5.1.22 Conduct of Meetings
The code for Conduct of meetings shall be as in Appendix T

5.1.23 Conduct of Elections
The rules govemning the conduct of ¢lections shall be In Appendix IV,

5.1.24 Term for Office Bearers

It shall be normally one year from the date of election and shall be continuad
till next elections are conducted.

5.1.25 Interpretation

In case of interpretation in this consthution the decision of CEC shall be
final,

5.1.26 Amendment

,The CECisempowered mmw.ng thiscenstitution onendorsing by 67 of the
members atterd the meeting. )



VriG Engirmen " Guide

Appendis 1

Capy af G0 Ms: No: 822, Public [Services) Depanment dated 27,9, 1928,

SLIB : Sewlcs Associations — Madras Engineering Assoclation —Recoynised

Head

1. From the Secretary and Treasurar,
Madras Engineering Association,
Madras Letlerdated 12-6-1928,

2 Fiom the Chief Englneer (General. Buildings and Roads),
Letter No. 1469-Ad/28-1 dated 18-7-1928

Order —

The: Govemmeni herely accord official recognition to the Madras
Engineering Association, Madras subject to the Rules appended 1o G.O. No.
1772, Public, dated 9th November 192 1 and o any rules which may herealter
be browght into force in respect of such assaciations of Gavernment sarvants.

The recognition of Govemment s subject fo the condition that the
Associztion shall not include non-olficials as members.

Sd/

Chiel Secretany o Gowsrnment
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Appendix No. I : “Code for Members™

All the members of this assogiation should be

— honest in rendering duties,

— decent in activilies.

= judicious in mising demands.

— efficient and nble Investigator, Designer, Executer Contraller,
Organisor and Observer and be co-opemative with the Nation
Bulldets {viz} Engineers.

‘Oath of conflidence’ from all the members shall be taken in the
commencemeni of meeting once in & year, as halow;

These codes shall be read out by the Chaimman/President in respective
meetings of the various structures by including *f will be ' in the beginning of
every code and shall be repeated by all sihér members

Appendix No. Il : “Code for conduct of meetings”

The agenda for respective meeting shouldl be sent to the respactive
members diréct in accordance with the fime limits stipulated. The
members should handover their resoliution propased in duplicate to the
General Secretary or Branch Secretary as the case may be before the
commencement of meetings: Another copy may be circulated among
other members lor their discussion belore starting the meeting and out of
meating hours As per Anenda the mattors may be taken up for

_ discussion. If any new resolution is to be made at the time of meeting. then
the:dame is to be neatly written and te be handed over to the President
in Chair.

2 The minutes of the last respective meeting should be readow first and
action taken by the respective affice bearers an the msolitions nassed
should be explained ot the commencement of meeting.

3. When any member s unable 1o attend the meeting due to some
unavoldable circumatances: the respective miombers should give  an
authonsation foranother member of this Assoclation by wriling a letter to
the President and General Secretary. Then anly the suthonsed member
can be allowed lo represent In the meeting. If no aulhorisation was
prodiced, the non-nmembers can be permitted to be an obeerver of the
maeting. but no woting chance be given This will surely rhinimise the
lrustrations. unwartbed thscuesion, unnecessary displeasune and mainly if
will save the previous fime of everybody,

4. During discussion any member, who want to express his views get up
and obtain the permission of President i Chalr Nobody should be
allowed |o interrugt another memhber views before the first member
concludes his views. The members can ke a note of others and
shiould be allbwed o express their views in their tum'
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5  The obsenvers should be alloted sepamte seats.

6. Theelected members of gither branches or Central Unit unable to anend
the respective mestings should mention the reason for his absence,
Such office bearers absent for 2 meetings consequently. should express
their regrel in writing and 2 note s 10 be recorded In (he-minutes

7. Incase of differece of opinions, the majarity membersview shall be final,
which shall be known by voting

& Assoon asa ruling was passed by the President-in-Chair the matter is
deemad 1o have been concluded and there should nod be any further
discussion. This will promote some hetter sense ol regard 10 vur
association's leaderhsip

9. Wheneveraspecial Invitee is invited to any mecting an announcement is
1o be made by the President al the outset of the mesting

10, All the meetings should end with National Anthem.
Appendix No. IV: “Election of office bearers™.

al BRANCH :

The branch general body to be convenwd once inevery vear in Julyshall elect
the branch office bearers for ane year time from the date of election All the
members of thisassaciation, wha have paid the minimum amatints liked then
and there in sadous heads. qualifies lor contes! in this eleciion; *Associale
mambers'and ' Honormy Members’ are not qualilicd for contest, though they
are also empowered for voting. In case of contest the majority votés of
members attend the meeting shall be final Members can be selecred in
ahsentla provided the proposer produce the consent letter from the persons
who is proptsed for officerbearer. In case of equal number of voting
in contes! the result of a lot shall be the final

b} CENTRAL;

The GC 1o be convened by the General Secretary with 15 days time at the
Centre of Tamil Nadu during Auguest - September of every year shall elect the
Cantral Office Bearers Any ‘meamber’ as defined ander clause (5.1 9{a) of this
censtitution is eligible for contest ir. the election provided they are ready to
work in the assoclation head guarters during his term of office bearer. Last
date forreceipt of nominations ean be fived 10 days eariior iu the GC meating
and i1p be published in the monthly journal of this association
The nominatlons should be sent ic the President in the proforma given in
conclusion, through the respective branches and advance copies can b sent
diract

All the nominations 8o received shall be scrufinised and the final st of
membuirsin context is to be announced in the (C meeting. Some time shall be
allowed for withdrawal from contest On completion of withdrawal, membaers
in fiedd can be allowed to exprass their views in the GC mewting. In all the case
ol contest the majority of votes shall be final. The President in chairshall be in
neutral, In case of equal number of vates |he result of lot shall be final
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5.1.27 PROFORMA FOR NOMINATION

Ta
The President,
Tamilnadu Engineenny Assoclation, P.W (3,
Madras — 600 005.
Throogh . ..o .. . # .. . Branch

Dear Sir,
lproposed Er........ LM No. (o) M. No........ .a Memberof .......
Branchtobe . ... ... ofthe Central Unit of Tamilnads Engineering
Associanon, PWD, Madrasfortheyear ... ...ooo.o o0

Yours falthfully,
Dear Sir. |
| second the abowe nomires,

Yours faithfully,
Dear Sir,
Lam witling to hold the pastal . ............ fortheyear .. ... .iiles

lam guite aware of the Constitufion of our association and T will be loyal
1o vur assoclation whothar | win or loosa in the contest.
Yours faithfully,

CERTIFICATE OF BRANCH SECRETARY

This Is to cernify that all the above three members ars membars in this bmnch
and have no dues to this assoclation.

Branch Saerstam

iy Branch
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5.2 RULES AND REGULATIONS FOR
PORIYALAR KUDUMBA NALA NIDHI
(PONKUM NIDHI)

521 .The name of the Nidhi shall be the PORIYALAR KUDUMBA NALA
NIDHL herein after teler bnefly as PONKUM NIDHL

5.2.2 The scheme and the Rules of PONKUM NIDHI shall come Into force
from the 1 day of January 1983,

5.2.3. The zims and objectives of the PONKUM NIDHI are :—

ill*t.u rovidz immediate reliefs to the nominee orthe family of the members of
i, who die while in service.

1} to providz immediate financial assistance to the Members of the Nidhi who
are ohifiged B retire prematurely on account of tofal orpartial disabilite; elther
physical or mental or both.

5.2.4 Inthese rules, unless the context otherwise requires orwhere ithasbeen
specifically stated otherwise ;

a) Commitize: Means the TNEA Central Cablnetconstituted in accordance
with these rules, forthe purpose of administering the Nidhl in aceordance with
the aims and objectives of the Nidhi and 'nclude the adhoc commintes
nominated by the general council of TNEA for the purpase of mitial formation
end administration of the Nidhi, tll elections are conducted and far
conduching the fivst electbon.

bl Death : Means the death of the Membirs of the Nidhi, durirg the member-
ship of the Nidhl, whether due 1o natural causes, or by accident, shielde or

atherwise.

¢} Disability : Means the total or parial disablement of the member of the
Midhiand deprivation of eaming capacily of the member during his member-
ship of the Nidhi due 10 sccident. decease, menta! causes or stherwise,

d| Family ; In relation to a Member. shall be deemed to consist af

i) in the case of the male member, himself, his wife; his chiidren whaether
marmied or unmamied, his dependant parents, the widow and children of
his pre-decessed son, if aay.

it} In case of female member, herself, her husband har children whether
married or umnarried. har dopendant parenis, the dependant parents or her
husband, the widow and children of her pre-deceased son. if any,
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Provided that if 2 lemale member, by notice in writing to the Secrufory of
PONKUM NIDHL, expresses her desire to exclude the dependant parents of
her hushand. they shall no longer be deemed. for the-purposes of getting
benellis under the PONKLUM NIDHT Scheme, 1o be included in the Tamily &l
such female member.

Explanation : |} Where the personal law of any member permits the
adoption of a child, any child so lawtully adopted by the said member
shall be deemed to be included in the family of such member.

it} Where the personal law or any members permits him to many more than
uive wife, all the orsueh members shall be deemed to be member of his family.

e} Fand means PORIYALAR KUDUMBA NALA NIDHL (PONKLIM NIDHI).

[} Financial assistance means the amount payable o the member or his
nominee in accordance wih the reliels provisions under these Rules, in the
event of total or parsial disability, elither physical or mental or bath, to the
member wha ly obliged to retire prematurely.

gl Member : Means any person, male or female in Engineering Service of
PWD, either working in the parent departmeni or on deputation to any other
departmen! and whois a Member of TNEA and who has fully contributed the
preseribad subscription to the fund, as stipulated under these Rules.

h)Nominee: Meansa person orpersons nominated inwriting by the member
in Form 1. at the time of his entolment as a member, for recelving the relle,
assistance or refund, as the case may be

EXFLANATION :

[} A member in his nomination may distribute the amount payable to him

among more than one nominee and may specify the ratio of division among
them.

il] Il the member hns a family at the time of making the nomination, the
namination shall be made infavour of one or more members of his familyand
any nominaiion made by such member in favour of & person who Is not a
member of his family, shall be void.

ii) Hat the time of making the nomination, the member has no lamily, the
nomination maybe made infavour of any person ar persons butif the member
subsequently acquires a family, such nomination shall forthwith become
invalid and the meémber shall, within one month of such acquisition of family,
make a fresh nomination in favour of one or more members ol his family,
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iv) A nomination, may be, subject 1o the provisions of sub-rule (i) &nd (iii)
above, modified byany member at any time after giving to the Secretary of the
Fund, a wriften nofice of his intention io do so. Such modificalion of

nomination has to beincorporated in the certificate ol membership isyued by
the patern mids and has to be signed by the members and countersiuned by

the Secretary

v Ifhe nominee predeceased the member, the interest of the nominee shall
revert back to the memberwhe shall make fresh nomination within onemonth
al the death of the romines, in respect of such intemst.

il Refund : Means the amount poyable to the member of the Fund in
accordance with the provisions of these Rules, on the retirement of the
member, vither voluntary or due to superannuation from service or on
termination of his membership for reasons atheér than death or total or parial
disabillty.

il Relief: Means the amount payabie to the nominez of a member or where
there s no valld neminallon, to the family members of the member, in the
event of the death of the member of the Fumd,

525 a] Themember-ship of the Fund shall commence on and from the
15t day of the month, in which the Camrmittes's sceeptance of the application
for member-ship is communicated to the applicant on payment of fuoll
subscription.

b) The decision of the Commililee regarding the accoplance or nnn-
acceptance of the application for member-ship shall be final. The Committes
has the right to rejectany application with or withoutessigning any reasons in
the Interest ol the TNEA and its members.

¢} No application for member-ship shall be accepted by the Committee
unless the application is accampanied by the nomination lorm preseribed i
Schedule 1 hereunder, duly filled In and signed by the applicant and
lorwarded by the Branch Secretary of TNEA.

d} The member-ship of 8 member may continue even i the event of the
tmnafer of such member to any other Enginsering Organisation on
deputationorllen, srovided that the member-shipisniot terminated lorany of
the reasons lald down in thege Rules and the member expresses inwriting, his
deigre to continue his member-ship.

52.6 (2] Everymember shall pay a sum of Rs. 500/- to the fund eitherin
lumpsurm or in five equal stalments of Bs. 10U/~ 2ach or In less number of
instalmenits but within a pericd of six months from the date of acceptpnce of
tie first instalment. The firs! instzimaeni shail howiver be not less than Rs 100/
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b) The paymentof the sum as provided in sub-rule fa) above shall be madein
crossed Bank Drafts only to the Committee and shall ba sent through the:
concemed Branch Seeretary of TNEA or directly to the Commities’s Office al
Madras under inimation to the concemned Branch Secretary.

&) An admission fee of Rs.5/- (Rupees five only) shall be paid by sach
applicantat the time of sending hisapplication formember-ship after 1. 1. 1983,

d) The Secretary (Ponkum Nidhi) of the Fund shall Issue a receipt to the
applicant Immediately after recoipt of the sums paid towards the subscription
of the applicant.

527 a) If any member happens to die while in service, due to aceident,
suicide, disease or other causes, his nominee or the members of his family as
the case may ba shall be paid the sum specified in col (a) hereundar
dependifig an the perfod of member-ship of such member in the lund, as
given In the statement of amount payable, Vide 5.2.25,

b} On receipt of information about the death of the member, the concerned
Branch Secretary shall contact the nominees or any of the members of the
family and obtain from him a letter in the prescribed form given in Form ]
hereunder, along with a copy of the death cerificate from the concemed
Fanchayat, Municipality or Corporation, or the Engineer under whom the
membwr was working 8l the time of hisdeath and forward it to the Committee
with the recommendations. The Committee shall meet within 15 days of the
receipt ol the claim and pas the smount for payment by cheque Lo the
nominee or the person or parsons entiiled thereto, personally by the Branch
Secretary or & Committes member. The claim shall as far as possible, be
setiled within 30 days of the receipt of the ¢laim:

528 a} Hamembersustains total or partal disability, either physical or

menital due toaccident, disease or otherwise. and therebyhe loses the earning

capacity elther permanently or temporarily, he; or his nominee or his family

members as the case may be, shall be paid such sum as maybe specilied by the

;UI\E:FWJIM depending on the period of membership of such memberin
e ;

b} On receipt of Information régarding the disability of the member, the
conterned Branch Secretary, shall contact the member of his nominez orany
of the members of the family, as the ¢ase may beand obtain from his, a letter in
the prescribad form No. Il hereunder, along with a Medical Ceriificate from
Registered Medical Practiioner working in any: Government Hogpital and
lurward them b the Comunitbes with his recommendations. The Committes
shall meet within 15 days an receipt ol the claim and pass the amount of
fimancial assistance lor payment by cheque to the member, his nomines orhis
tamily member as the sase may by, pérsonally by the Branch Secretnry ar the
Commitlee member The claim shall, as lnt as possible, b senled
Immadiately but not later than 30 days en receipt of the claim
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c) The Medical Centificate specilied in Sub-Rule {a) above shall state the
nature of disability whether partial or total. and physical or mental

d} A member who recelves the financial assistance, shall be entitled to get
refund from the Fund.

529 a) A member who does not come under the category specified
under Rule 7 or 8 above, and who refires from service due to superannuation
or by voluntary refiremeni or whose services have been prématurely
terminated for any reason, shall be eititled to refund of the sum specified In
the statement (5.2.25) depending on the period of membership of such
member In the Fund, as given in the col. (b) of the siatement.

b) A member who is entitied to refund by virtue of superannuation or
voluntary refirernent shall apply through the Branch Secretany not less than
one manth before the date of such superannuation or voluntary-retirement,
giving details of his certificate number etc. in Form IV and the Branch
Secretary shall lorward (he same o the Committes with his remarks. The
Committea shall deal with the application expeditiously and pass the amount
for payment by cheque to the member but not later than 30 days from the date
of superannustion or voluntary rettrement.
r

t) A member whose services have been terminated or who is removed from
service or retlred due to superannuation on or out of his own wluntary
retiremient shallapply for refund and the procedure prescaibed In sub-ruala (f)
shall be applicable regarding the mode of application and payment of sum to
the member.

d} la member dies orsuffers disability, after termination of service but before
the refund is made, the refund shall be paid to the nominee or the family
member, as the case may be, in case the member is unable to receive
the siim due te the disabilisy.

5210 No sum shall be refunded to a member in case of voluntary
withdrawal from membership within one year of admission and in such cases
allsubscription pald, shall stand forfeited to the fund and the member shall not
clalm amy sum whatsoewer.

52.11 A member cease to ba s, on his attainment of the age of supers
annuation or termination of sarvice by valuntary refirement or athenwise

5.212 a2} The General Council of TNEA shall etect, annualy, Secretary
{Ponkum Nidhi)
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b) The Secretsry (Ponkum Nidhi} shall be elected among those stationed at
Madras

c} Any vacancy caused in the office of the Secretary {Ponkum Nidhi) due to
transier, ratirement, resignation, death or disability shall be fllled in by anyone
of the remaining members of central cabinet.

5.2.13 The Committee shall meat atleast once in a month and revew
sccounts and reglsters maintained by the Secretsry (Ponkum Nidhi).

52.14  Tie Committes shall be responsitie for overall administration of
the fund. for consideration of application for membership for the proper
maintenance of the accounts of the fund, for making proper investments of
the finance of the fund, for eary settlement of the claims made by the
members, for the general efficlont nmming of the fund and for submitting
annual account and balance sheet to the General Council of TNEA

5.2.15 No withdrawals or diversions are allowed other than for the
payment of relief, refund or assistance or Administrative as stipulated In the
Rules.

5.2.16 The bank accounts of this Commiiiee shall be operated jointly by
the Secretary and Treasurer. Treasurer shall be responsible for maintenance
of accounts ol all the moneys received and pald by the fhind. He shall be
responsible for and on behalf of the Committes [or presentafion of the anhual
accounts before the General body.

52.17  The Secretary shall be the maln executive of the commities ancd
shiall have powers to incur @xpenditure uplo Rs, 100/-ata time for purchase of
stationery or printing or any miscellanecus itens. Any expendiiure above this
limit shall require the praper approval of the Committee

5218  The Committee is empowered to receive any grants or donations
or other monies for and an behall of the find, and such sums when received
shall forthwith be deposited in the bank account of the PONKLUM NIDHI and
invested. or disbursed In accordance with the provision of these Rules.

5219  Nomember of the Committée shall beepersonally liable for anu
ncts of Cammission or amission done by him fordnd on behall of the fund, in
oo faith in discharge of his duties ur In sccordance with the decicions taken
by the Committen or the general bady
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5.2.20 The account of the PONKUM NICH! shall be audited every year
by an auditor appointed by the General Coundl of the TNEA The Secretary
{Ponkum Nidhi} accounts are duly audited betore presentation to the annual
general eouncll meeting of the THEA,

5.2.21 The finances of the fund shall be tnvasted by the Committed in
ané ar more savings deposit accounts with cheque facility in a nationalised
schedule bank upfo the extend required for normal mequirements. Any
amatnt in excess of this limit shall be invested in Fixed Deposits for higher rate
ol Interest in any nationslised Scneduled Bank or any quas! Government,
Statutory Board or Corporation or any registered socletly or saswathanidhi
which gives a good rate of interest. Decisions for investmentsin Fixed Deposit
shall be made by PONKUM NIDHI Committee depending upon the
accumulanons in the savings deposit accounts.

5.222 The CEC of TNEA, shall have power to review the functions and
administration-ofthe Fund and shall have over oli control and superintendanca
oveer the affairs of the fund. The President is also empowered to summaon the
CEC of TNEA and place befare the Council the Biffieulties if.any, In e
constitution or functions of the Fund and shall ablde by the decision taken
by the CEC council of TNEA In that regard. The power to amend | delete
or add to these rules shall vest with the Central Executive Cmmtttee
of TNEA. The Commiltee may however adopt local rulings under these
rules so far as they are not in confict with main rules.

5223 The PONKUM NIDHI may be dissolved by a resolution to the
effect In Geneml Council Meetings of TNEA. if the members vating direct or by
writing for dissolution constitiite net less than 75% of the total membership of
the fund on that day. On disclution, the monies of the fund shall be applied in
the following manner and paid in the order of prionty indicated below :

a)l All taxes or debts dua o Govemment or any other agency of the
Govermmenl.

b} The salares and allowances due, [ any, to the employees of the fund.

¢} All debis of the fund or claims of the fund due snd payeble an the date of
dissolution.

d) Refundable contribution and Interest therein, if any due on the date of
dissolution ta the fund members.

¢) Any surplus amount Incoding the assets of the fund remaining alter
meeting all the payments as ctated above shall be transfered to the TNEA,

5224  The scheme shall be reviewed after 5 years:



Aszociotin Informenons Vi

PORIYALAR KUDUMBA NALA NIDHI

(PONKUM NIDHI)
5.2.25 STATEMENT SHOWING THE AMOUNT
PAYABLE (Read with 5.2.7)
Sum pagable in the event of
Duration of premature
membership Death refirement refirement on
ol the fund since acocount of disabiliry
enrolment (s} {b) ()
Upto calender Rs. Hs. Hs,
maonths
12 3.000 600 1000
24 5,000 600 1500
a6 5,000 700 2000
48 6,000 700 2000
60 6.000 B00 2000
12 0o s00 2500
84 7.000 80O 2500
96 B.000 00 300
108 8,000 900 3000
120 0.000 200 RO
above 120 calender 10,000 1,000 4000

mmanths

]
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V1. SURVEYING AND LEVELLING

6.1. PERMANENT ADJUSTMENT OF LEVELLING
INSTRUMENT

6.1.1. To make the axis of Bubble Tube Perpendicular 1o Vertical
Axis,

AN Set up the instnaiment amd level It The bubble must be at centre in o
positions at fdaht angles 1o each other to the third foot screw

{H} Bring the telescope over ane foot screw and tumn through 1807 In
azimuth If the: bubble remains at cenre, the adiustment i comect. IF nal,
do the following adjustment.

Adjustment:

MNote down the deviations as 2n diisions. Bring the level halhwoy n divishon by

ralsing or lowering one end of the bubble tube by means of capstan headed

it at one end of tube and the remaining hall with the foatscrew beneath the

telescape. Repeat the same until the bubble remains at centre.

6.1.2. To make the line of Collimation parallel to the axis of
bubble tube.
Test: Two peg Method {See figure)

(1) Sel up the level at O and take readings on staff held al A& B and A OB
should be on ane straight line with a distance Dbetween A & B, O being at
centre. (D may be of the order of 60 metres and bubble must be al centre
i cach posttion.] Let readings be a and b respectively.

() Shih the bevel and set & over Oy, O should be ata distance of d fromAon
the line. BA produced. (d may be of the order of 20 metres) Take staff
readings at A & B. Let readings be oy & by respecttvely,

a == b = tune difference
gy — by — appament difference.

Adjustment:

(i) Dretermine whether the true difference (s o rise or fall, f & = b, peg A ls
lower than B and vice versa,

(2} Audd the true difference 1o the reading on peg. A near the Instrument 1f it is
a fall. deduet from the reading on pag A, I it Is a rise, 1o obtain the reading
o the far off peg A at the same level as oy Let the reading be ey,

" er—ay * e differerice | + for tall & — for risa)

{ii) Compare ey-and b1 If by > &4 line of collimation is inclined wpwards
If b1 < ey line of collimation is Inclined downwards
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False line of collimation
"True line of colllmation

= s o - .

; j
-——-d--—u ] JI*

., by = e — collimatian error in the distanice D
L
correctlan to the readiny of far off peg B = ¢4 —Pﬁ—d-“ by =~ &

comection to the reading on near peg A = r:z-—;f; X Thy =~ #y)

Hence correct reading an the far off peg B — by = ¢
| =-. downwards — _ upwards |
and correct reading on the peg A — a1 ~ c2
| - downwards — . .upwards |

Alter armiving at the correct reading. the telescape is focussed on the stafi al the
far off peg B Diaphragm screw on the eye plece side [Hair line Diaphragm) s
Eﬂmbdhﬁmdmmmemmmthictlnnthmﬂﬂmﬂ.
Eh_;kmamhgﬂubnﬂnmmnndih_dﬂnnhgthuhpﬂﬂ:ﬁrmhnmbm
ﬁsewﬁfmruhammgﬂmme:tmdmgmmﬂthemadimmlha
mpeghhnnmiﬁhm:ﬁﬁg#mldhmu&lh&:mﬂunding
{mlaﬂahmﬁhrcahhwdbgappiﬁngmmﬂmnhﬁummh
repeated uritil the reading oblained are exacthy correct
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6.2. PLANE SURVEYING

Lineay messurements are required at some stage, in-all survey work. These
may be obtained by steel tape or band or by optical or electronic means. In
measuring a line length, comrect ranging, straightening and uniformity of pull
an the lape ate essential Difficulty may be experienced in ranging or in
chaining, because of obstrictions on the line. eg., buildings, wooded ground,
streams, ete. The application of some simple geometrical construction will
normally enable the work to be continued beyond the obstruction. Attention
must be given 1o the tse and fall of the ground, bearing in mind that the
required line length s the length in plan.

6.2.1. Corrections

The following are the corrections which may be applied to the measured tape
lengths!
1. Tape laid flat on the ground

H r R
YRS OO L 5 S T
2L AE
[. = nominal lengthof tape or line.

el — eomectlon to be applied when the actual length of the tape,
under standard conditions, does not equal the nominal length,
[+ e wher tape is longer than Its nominal length.)

g = comedtion in length per unit of nominal length.
h? = comection for slope of ground, where h is the difference in
il height between ends of distance L {assuming uniform slope

ower distapce L),

(P—ps)l. — correction for stretch due to pull on the lape. P is the pull
AF actually applied during the measurement and Bs 15 the pull at
which the tape was standardised.

A = /5 area of tape. E = Young's Modulus of Elasticity of the
fape.
cL{T— Ts}= correction for thermal expansion where ¢ Is the coefficlent of
linear expansion. T is the atmospheric temperature. during
length measurements and T Is the teniparature at which the
tape was standardised
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2. Tape sunporied on straining tresties, Le., huny in categon.

The above corrections havy again to be applied n this case, end. In additisn it
i nuessany 1o allow for the sag of the tape hetween thi treatles,

Sag corredtion — — —;—u :%#J-whww = weight of tape of length of L
Typical values of the constants are:
Pronerty Stzel lope frwer Tope
ElkM/ ) 1965 x 10 152 % 10*
clper Ki Ini=x 1" Vaziabie but almos:
negligible,
Less than 0.9 % 109
6.22. Accuracy

For careful work of ordinary accuracy in which no corrections have been
applied other than those bor slope and nominal length the emor of measurement
of 2 line length should not exceed about 1 in 1000, For very precise work of
the order of geodetic base line measurement, the ermor may be abowt 1 in

6.2.3. Chain surveys

These require linear measurements only, The area to be surveyed is divided
into a framewark of crnnected trianglss, or bound by a polygan, oy polygons,
the directions of whose sldes are fixed by forming triangles at the vertices A
carehil preliminany reconnaissance will enable the work to be st out su that it
yields the required information with the minimum of labour. For reliable work,
an adequate number of check measurements must be-made. Points of detnil
ata located from the miain lines of the framework, by offsets and ties.

6.2.4. Traverse surveys

Thase involve angular, in addition 1o linear, measurements. I, this case, the
framework of fines (from which point of detall can be located as in chain
surveys| consisls of a serfes of connected lines not necessartly lorming a closed
figure: The diractions of these lines, usially expressed as bearings from some
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reference ditecion. are olsarved, and the Hne lengths messured Beatings
may be referred to magnetc north (e.g contpess bearings, duly comrected for
local attraction), true nomth {azimuth readings involving at some stage,
astronomical abservations), grid ronh (as set out from a map) or some logl
referance direction
The commonly used system of reckoning angles, in the field, is the whole cirde
system. In this; line direclions are reckoned clockwize from the reference
direction from 07 to 360°. For convenience in computing co-ordinates, these
bearings may be subsequently reduced tu the quadrantal systern. These reduced
bearings are angles of less than 90°, measurad on either side of the N.S. lire,
the quadratic being specified by noting whether it lles to the E or W._al this lire
L1

N37°E (or37°)5. 157 W, {or 1957),
The back bearing of a line differs fram its forward bearing by 180°
Measurement of line direcfion may be made by observing the Intemal anglesof
the framework of lines (or the external dafiection angles) and knowing the
bearing of one ling, the bearings of the athers can be deduced. This method
would be used in precie averse surveys where repeated measurements of
each angle are made (face right, face left etc_ on the theadalite),

Where a gingle observation of each direction s congidered fo be adequate, lhe
bearings will nommiplly be cared forwasd from one line o the nest, by conoctiy
arienting the instrurnent by backsight ar each sation

As in chain surveys, suffident check measurements must be made 1o detect

gross emmors, |n this case, these checks will nomally consst of extra angutar
measurements 1o stations across or farther along the fraverse.

Aisoy 0 8 closed traverse,
Elinteriot angles| = (2n — 4) X 90"

whenen = mumber of sides in (he fiqure
Elexerior of deflection angles) — 360°
When a small closing emor in bearing exists this should be dstributed round ihe
iratersy on the assumpiion that the emor & accunulsted equally of each staton
occupled If the lvast count of the instrument is, say, 30 seconds. then the eror
o closure by the bieardngs should not exceed 30 N seconds, where N is the
rumber of staticns occigiad

625 Reduction of field data to co-ardinates

I wisrks of o low grade of scturacy, the frameworh of lines may be plotted diegt
from: the bearings and disances

Fer narmal arcuracy, however. rectangular co-ondinates of survey stathins are
cormputed and adjusted belore platting of derll commences. These station co-
grdinales are gren in tenms of their lalihudes and depariuns.
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Lotitude o & station i ite distance, measuted In the N, or'S, direction |+ Xar =
X) from the E-W. {or Y! axis of relérence: These ititydes representing the X co-
wrdiviates are sometimes called nurthings or sowhings.
Departure ot 2 station i |ts distance measured in the E.or W, direction [+ ¥Yor
Y) lom the NS (or X) axs. These depatures, represeniing fthe ¥ oo
artlinates are sometimes called eastings and westings.
If & ghven line 18 of leagth L and its reduced bearing i 0 then fthe [otinude
difference of the line is L cos 8 {norhing or southing, or = Xor — X according
to the quadrant into which the line I situated from the observer). The departyre
differenice k L. sin 8 easting orwesting or + Yor — Y). Working from the ergin
of the co-crdinates or from a station of known or selected co-omdinates, these
differences can be summed slgebreically to give the latitudes and depatures
ll&., the co-ordinates) ol the station

Note thai In a closed taverse, if no émor is present

E latitude diffevences — 0

E deparure diflerences — 0
Evenwith careful work, satlsfing thevarious check ohservations made, therz will
pencraliy be small residuals in thes summations. This clating error can by
distributed by 2 nule. such is the following:

carrection o hl mm} differenwe of 2 line

closing arror ‘m{m

" total length of traverse

> langth of line

I &t open taverse beging and ends on stations of known co-ordinates, similir
princinles may be applied to its adjusiment,

Far a good dass ofwork the actual closing emor, in terms of 1he length of the
ieaverse, will not edeeed about 1 in 3000,

6.3. ORDINARY LEVELLING

Ohdiniary levelling hes a5 ifs purpose the determination of the altudes of
points above, an, or baow the ground relathe to a level datim, or theh
differgiice 1 level. The level surface of reference inthe Un2ed Kingdam is
Mean Sea Leve! sl Neowlyo, Conmwall 1e., Ondnanse Datam (0.0}, Numerus
Banch Mards (OB M) of known Reduced Levels sbove O, have been
ostablishud over the country, so that by using one, or mere, of these as
reference levels, the Hedueed Lavel (R.L.) of any cther point c2n be deducsd,
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The operations consist of using a gradusted staff to determine the differance
of height of poinis on the ground. etc, hom the horizonzal line of sight of a
dumpy kvel (or equivident nstrument). The fivst sight, on o siaff, observod
from an insttument position b termed a backsight (BS.). The last wght
observed is & foresight (FS.). All other sights are infermediate sights (1.S.). The
RL of the line of sight can be determinied by takiing a sightto a staff held o an
OBM. Levels are camied forward from one instrument siation to the nex by
taking a F.5. and a BS on to one frm point Such a paint Is known 25 a
change point (CP ).

The R.L's of points on which staff readings have been observed, can easily be
deduced. In the Collimation Height systern, the R.1"s of the lines ol sight at the
various instrument stations are deduced. and by subtracting the stafl readings
from the RL's of the appropriate hnes, of sight, the RL's of the poinis
themselves are obiained The alternative systern of reduction & the Rise and
Fall system in which the RL of a pulnt 5 obtained from the RL of the

previow point by noting the amount of rise or fall in level fram the previous
paint tn the point in question,

6.3.1. Checks on accuracy

A ched on field, work & best made by sepeating the work; but a good check
against gross emur s chitained by fevelling back to the flet paint obsareesd
{usuafly & BM.), calcuiating its R on the basis of the surey dats and
eomparing this with Inliafly known value

A check on the accursey of the arithmerical work can be made Iw ensunng that
the foliowing conditinns are satisfied,

sum of B.5.~ Sum ol F.8. — Sum ol rises — Sum of fally, and = Difference i
R of st and last polits observid, ;

Far a serles of levels taken along 2 line M km in length, the total emror in
ardinan levelling, should not exceed 1247 M to 25+ M mim. Sights should
not exeed 120-150 m I length, less for importance sighly, Beyand this
distance accurate reading becomes difficult and the affecs of cunatire and
mfraction began to be sppreciable. RS, and FS lengihs to CP. should be
eyual of nezarly so.

The operations of levelling are used extensively for running sections of ground
syuriace; measuring or setling out levels or pipe inverts. column footings. ete.,
and for comouring

For contouring work, adequate acturncy and [ncreased speed and convenence
fespecially in. steep. uneven country) are obtained by using facheomoricol
methods. B
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6.4. TACHEOMETRY

A systern of surveying in which tha labour of raping distances is eliminated.
Distances and differences in height to points. 25 maasured from the instrument
station are deduced from observations taken on a stall held at these polnts. Il
the bearings of these points are akso observied from the Instrument station,
then the points will be completely located.

6.4.1. Stadia System

The stadla system of tacheometry Is commonly ussd. For this, a theadolite
fited with a special diaphragm i required. The diaphragm s fitted with two
additional horizontal cross hairs, one above and ane below the normal central

Diaphragm hair. This forms the stadia. To make an observa-
tion on & point, the thesdolite is dliectad on jo a
stall held on the point and the:staff gradustions
e eolnciding with the three cross hairs read (ry, re
and rg). In addition the angle of elevalion 8 is

accurately read, and the bearing of the point
_y abserved, to an accuracy depending on the nature

of the point. If the latter Is imponant eg. a
statiory, the bearing will be accurately obsenved
Jflnsnnhul-ma:[pumruldmihhndhtbemirlghmhamud!nmumepdm
can be directly plotted on the plan, an accuracy of say 15 minutes will be
adequate.

With the staff held vertically on the potnt the distance In plan from the instrument
o the polnt is
H=MAscos?@ = Beos B,
where A = muifiphing constant (usually 100, or perhaps 50},
5= 13 — i = stadla Intercept on stafl
B = additive constant (zera in anallactic instruments)
Velues A and B can be measared or checked by taping out over level ground
several distances | from the instrument, and then reading the comrespanding
values of s for the case of 68— 0°. The above equation becomes H — As < B
Insert comresponding values of H and s and solve equations in pais fo.get the
best value of A and of B
Uifference in ehevation between station peg at instrument and ground, or peg,
lewel at polat
= *Vth #{+Vior ingles of elevation
—Vior angles of depression)
where h = height of the trunnion axis of the Instrument above the station peq.
and V=% Assin 20+ Ben#
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Where sights at a consderable anygle of elevation are bang observed, 1t will be
preferable to hold the staff nomal to the line of sight. In such cases, the
reduction formilag become

H=Ascos® T BrusD A rosin @

Difference in elevation = = (Assin 8 + Bsin 8) — rgcos 8 + b Redudion of
stadla obserations can be simpliied by the use of spedial technigues of rading
and with 1he aid of mbulated consnts (o.g Williameon's mathod). Instrments
such as the Wild RDS provide avtomatic reduction. e, they allow direct reading
of distance and height

Accuragy ahould be of e order of 1 in 50 for detance measurements and
about 50 — 100 rom in height lor a sight of moderate lenath.

64 2. Tangential tacheometry

Anothier useful system ol tacheometry s the tangential sysiem; In which an
cedinary theaclylite Is uséid. To locate a point by this method, wo sights have 1o
be taken on a-staf] held vericall at the paint. Hior sohis at angles of elewation o
end B, the comesponding stafl readings aguinst the centre cross halr, are r and
b (ra being the higher) then, dstance, in plan, from the instrurnent fo the point
i

H=— 3 jorangies of elevation
fan i an B o

orH— — ‘———Eﬂrunghunfdmﬂaﬂun

tan B — tah / b
it

where s =ra — 1y :EE A
Difference in elevation =
== Htma rat h h
=2 Htn B~ 5+ h — — s
+ {f o.or bare-angles of elavation,
— If they are angle: of depression.
A with the stadia system, instruments have been designed which simplify the
reduction of the fed clsenanons.
Theodolle obsirvations on 2 subienss ber afford another optical means of
distance measurament
Methnds requirng predss messuremment ol e of fransimission of smnalke
between survey stations (fellurometer and mekometer techniques! are also

successiully emplogad. These allow accyrate deduction of line lengths for survey
by irinterntion.
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6.5. AFRIAL PHOTOGRAMMETRY

Increasing use s made of aerial phologrammetry methods of grourd survey,
The use of dam longing equipment Hnked o the steoa comparator allowy the
operator o record ground co-ordinates direet [rom photographs. This dats can
thien b processed by computer with respect o highway alignmenis_eic. to yield
data on adusted survey stanon postions; praferned routes; earthwork quantities
abd githay perinent fems.

6.6. MEASUREMENT OF LAND AREAS

By the ares of n piece of land is muent i area in plan The ura nfmmwm:li
of m‘ﬂ H‘ﬁhiﬂ. hm"f—

Areas will nonmally be computed from the pletted plan, by » method such as one
of the following:

L! By planimeter.

2. Ty dividing the area Inio simple osometrical figures (e, rangles) whose
areas can be calculated. Fregularty of boundarles can be alleavad for whei
the straighit Imes of the simple hgures are dmwn, by arranging that the straigh
knes, réplacing the boundanes, add to and omit equal apeas from the area in
guestion, A simillze method s to pace o plece af squared tracing paper over
the plan, and count the mumber of suans or pars of squares endosed by
e boundany

3 Py Simpson’s rule: The area s divided imo an even number of divisions by a
series of paraliel knes distince d apart, such that these lines, a5 aut by the
boundary of the area bre of lengtks &y, lp, fae. . Nommalls in an iregular

apun i dand by are Both zero].
nma-—-:'.—[h 18l £ 20 T8k | 2n— Bl :n]

4, By Double Lungitudes. f the area wonmined by the survey Ines of & dosed
traverse s required. then this area man b remvaniently campined from the:
siatlon ¢d ordinates. Using the reloence mendian of the co-ondinates, the
iongilude o a linz s the pempendicular distance from this nefétnce menidian
pathie mid point of the fine
Thi arca enclosed by the lines ol a raverse sunvey is tw aloebmic eimaf the
products of the tilude difference of sach lne by its Tonglivide
It & prome corvenient eo weork I tarms of the double brgitude, DL ofa line
= DL ol previous Ine + Deperture difference of predous line + Departure
differenipe of the line itzell.

_ This can be conveniently tabulated,

Then area enclosed by Hines:
= & Ellattiude diflerence % double langitud)
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6.7. EARTHWORK QUANTITIES

In computing earthwork quardities in embankment and cutiing for roacdworks,
ete,, areas will first have to be calaulated for cross sections at freguent inlervals
along the rouiz. In such work. i will be convenient to measure these areas in
termms of fhe formation widily 2w, the side slopes #4'and sz of the bank and the
depth lor heght] d rom. ground level o formation: at the centre line of the
formation,

For the crosg sechon shown in the sheich, the area to the left of the centre line.

Ar=oud™ 1 bed —Cy

Area 1o the nght
of the centre line,

Ay—and’ + bud + Cr

wherg &= 5
2lg + 5]
__rS'z_
- 2(r—53)
e A e
2lg= 8y 2{g= 83 2(g + 84l 2(r ~ 52}

Hence the total area of cross section A = A+ A

In Iﬂt‘ﬂ;‘hﬁ where the ooss grecients are umform, ac  ar ec. can be
calculated at the start, and by using the value of d for each cross section, A can
ha calculated. A tabular amangement of calculation will facilitate the work.

The above Is the general cose. Specific cases of ground level across (Le. g = r
— P9} ar g = 'r, 51— Sz, etc. can be deduced from the given expression,

6.7.1. Hillside sections
In this case three areas are imvolved,
Aw — gd®
2(g* Sl
Ag= od!
2

lind

Ai = ged® 4 bwd + Crwhere v and crore as In the above case

Where the ground suriace s very unever, i may be necessary to use ana of the
miethesds of area measurement given on parag 6.6 & 6.7,
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6.7.2. Volume of bank of cutting
A good approximation o the volume is given by the avefage end area method,

This gives the volume between twe adjocent parallel cross sections as the
product of the average of their areas and their distance apan.

V=151{A; + Aj)

Le. Total volunme = % LIA: + 242 | 2A5+ . 245 | Ap)where L s the
pemendicular distance apart of adjacent cross sections {Le., equal intervals L
betwee| successive cross-sections of areas Ay, Ae. Ay - et

This meathac tends 1o overestimate velumes and the mwethod generally accepted
a8 belng aceurate for earthwork caleylntions is that sing the prismaidal ruly,

From this mule the velume is V= 1/6L1Ay | 4A,y + Ap) between cross
sectioty o areas Ay and Az distance L apart. Ay, is the cross-sections| area
midway between Ay and Az, and s nomally not equal 10 the average of Ag
and Ag,

Whete fhe e ground survey, or calculation to obtain areas Ay, s considered
unjusiified, then an approximation o the Prismoidal volume can be obtained
by considering the end areas.at 2L apart This glves Swnpson's rule for
volurmes, Le.,

toita] yolurme — 1/3L(A) 1 44 + 2As | A+ 2As + __ + Ap) foran odd
mumberof cross sections.

Frequently the practice i to calculate the volunus using the average end area
method and then 1o apply & Prismoidal Correction (Le., the final volunie being
the voturne which would have besn obtained by using the Prismpidal Rule
Initially). .

Prismioidal corraction for alength L between cross-sections of areas Ay and Az
== 1/3L1A = Ay 2Am), eg. lor cat, of uniform cross slope 1. g and side
slopés both | ;s,

PO=hEE vp i dson

blg? 5%
In the abowve calculations for the volume of embankement, ¢te.  the longitudinal
centre line wis assumerd straight. Whese the cenive line follovs a vune whose
raditis s fairly short in comparison with the width of cross-section, |t may be
netassarn to-allsw for the curvature, in accurate measuremment
The method s to calealate volumes by the prismeaidal rule. but using equivalent
arens. Equivalent area

—All = %] where A s the actual area of the cross-section,

and v Is the eccenticiiy of the centroid of area A from the centie line of the
furrtiation. R s the mdius of the ane

It shanedd alsty be noted that whan soll material s excavated it ocoupies o

bulk than betore ard. when it i subsequently deposited and compadied as il
I will generaliy show a decrease #n bullc relative to the original volume, n the
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region of 10% Sulid rock. broken up and placed as Hll will ncriease b tulk in
the reflon of B0 —TU%. relative 19 the ongmal valume

6.8. ELEMENTS OF CURVE SETTING
6.8.1. Simple Curves - /,/—':.._\‘r\'\“

For 3V m chied L
1 p= 2
D

]

;n |_;,;hh_
3 1=
D

Foer neng chord

4 T— Hianlix

5 L~ ZRsinlyn

6, | =TRX_
180°

7. n— Tianlge

R p— Rverslionte— Kl Coslix)

2
o=t

Hu
f 2
W 0= - J R* = =]
2

{approxinatel

{exact)

11. K2 - x® - {R—~ 0g {unct}
32 g ML (approsdiniatel
13, 0s — B+y> R (exact)
14 Oy _Ey:{_ (approsimate)
- 15 ﬂ:"R_ﬂ} A —a fexacr]
16: 03 -"‘f | spproxiinate)

2R
6.8.2. Compound Curves —
17. {5 = RytanigX

8 3= Rzeans ¥

3k R
sing
20 ]-"l - 19 |EJ_“1£|£

sin 2 %
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I=) Superelevation —

21,

22

gR
h:i"‘;
r"gﬂ

(on roads)

{on milays)

Notation —

R = radius of etive

D= degree of curve

1= length of curve

o= deflection angle of cane

T~ tangent length

L = length of lung chord

@ = distanco FT2 in the figure

U= versed sine of curve
0o = offset at midpoint of TiT3 = EG
0y = offsetat a distance x from E so that EP = x
0z = m&ldﬁamﬂmammyﬂmwmuamﬂm
fha = nﬁupapm&culu:mwlgmnathtmﬁsrmm:frmntangem

painl akong tangen!
Ry = smaller mdius
B2 = greater radlus

i1 = @mngent length towarnds smaller radiys are = TiK

fz = tangent length towards smaller radius are = TpK
X= deflection angle of curve of smalle rraditis

Y deflection angle of curve &l greater radius
Z=-X+Y¥

h= superelevation in metre

w = width of road in metre

V= spead of whicle In metre/sec.

9= acceleration due to gravity, 981 metre/sec?

G= distalmhthwm&]emnm:ﬁhemﬂsfnm.



VII. ARCHITECTURE

7-1. ARCHITECTURAL DESIGN

fArchitectural design Is made up of two process — are mental and the ot he
combining mental and phusical. The Brst s the canception of the idea, which
comies as an |dsplration, The sécond I8 dwe development of this ldes upon
poper and its fale realization o the permanet fore of bullding,

The process of bullding grows Irorm a demond slunudated by o delinde need

There ls practically ro: almiless building. for reo same person erects @ sruclin
tha' hie no purpose. Archifectdre is theredore thee resull of

11 Need for s Bullding:— du 1o chanaes in phwsical. spirtual wecnumical
aned soeial conditions.

2} Solution of the Need :— soving of the need by the following sonsslertions
iy thus process of designs:

a) Function:— purpose of building-reguirements. sizge. shopie and locatiun
of individual units — Interests of cotupans — Inflioiices on’ sie.
matetinly ond chamacter,

bi Location:— Country. chmate. secial structure — site. confan. shape
Inttoences an materiols and chamacer,

¢ Maierials:— accessbility, Influcice of function wpent. nfluence on
constroction and character

dl Creative Principles: — Aesthetic organisatinn — inflaencs on valims,
plian, unitersor, and wstitiir aomposition

) Character:— Funchiupal charactir of hiullding — Personal chamcter
reflected i roatenals and wvangememt — Location chanetor  — inflbence
of site and adjacent avchiuciyne

Human element |y ven) imporant (0 architeciure Therelore consiilerable
thought must be given la sockl, econmnie and gesgaphie Influsmes upon tha
develtpient of a stracture. The architect of the present and the luluraemiist be
abaut to changing modes: of lite

Aesthetn considerations may constitute the splvt of architectue. Alng with s
study of harmany, balence and wity, should go thel of materipls, costs and
equipmmenl. - AS seon b= an dea takey fmm in the plin the! desipun. shodld
begin to.uet the FEEL for construction

The ininrmation gesing out of the answers to thd Iollming quistions s
hurss expected from the architert.
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1} How dries the structure = to serve the client aftar 1 & bullt ?

2} Appr, how much it will cost ?

31 ks it economical in its use of materiak and in s arrangament of pans
a4} What materials should be usad ?

51 What relation should be maintaned between ihe aesthetic design and the
construction. '

6 How is the'hullding fa be operaled alter erection ?
The answers 1o the questions will irdicate the saccess of the selution
Architectural desion to he succussiul, the solutions o a building slunld be
arrived af by the follouing approach
1} Functional Considerations:
Arangement of volumes alfected by
a) Use
b} Site
o] Climate
dl Construction,

21 Structural Considerations:

Comstruction influsnced by
a) Function
b} Materials
c) Climate
d) Cost

3| Aesthetic Considerations:
Composition of plan and enclasing surfaces influenced hy
] Function
bl Site
¢} Climare
d} Materials
e} Creative Principles

4| Economic Considerations:
Setvice renderad 10 cllent or 0 oecupants of the building

a) Finance
b) Equipment
¢) Operatioin

All these will inake Architectural design seem move real.

Architecture I5 undoubtedly one of e most enjoyzble professions. It offers a
waalth of interest in a variety uf flelds which few other profiessions can maich,
and provides an emational satisfaction which only the other arts can stimulale,

Architecture in general may therefore have to contend with the following
icttvities:
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Design: Architectural design = the oeatve planning for space — 2 three
dimenslonal concept of the builkding based on our cullure and way of life
{living): This concept lor ideal = put dowt on papet i ihe lomi ol a plan. Gn
acceptance and approsal of the plan by (e client/ owner, and with the
necessary humds prossded. the building plan is executed and translated fnto
realify.

Structural design: Along with architectural planring and destgn we have 10
stmultaneously considar the most economical struciural planning aind diesign
for the bailding structure keeping n view: the Tolowing: —

Materal: ks avallability, cosl and use; ihe technology and skills ([abour)

availible and other facilities required fur the secution of the bullding preject

The architect considers himsell w0 be the lkeader of the bullding team. To be

suceessiul he work closely with the other specialists [0 the team, such as, the

Structural Engineer, the general bullder (Contractur) and other allied specialiss

Itk wintier supply and sanitetion. ghting, landscape architects, interor designers

il

Presen| day architectural design demands that the plan shopld sanshy the

followd ng requirements

1. Municipal and Comporation Building By laws and conform 1o Town planning
regulntions

2 The requisements as per the MNational Building Code and voras LS
codes pertaining 1o Bullding canstriuction.

The fallowing have a bearing on our planning

L Need: Based on the need and social behaviour and culture the Lylliding s
dhestgned luosait the funetional requirements.

2 Land: The availability of sultpble land lur tha purpese; and other amanifies
have an impartant bearing In our planning Land in urbian arcas Is very
si:area and costhi To have a workable cost we may have tts consider vertical
expanslon of bulldings for opfimum space utilisation and soonomic cost

. Material: It is desireble that as far as sossible the locally availabie biilding
maierials are used In modem building conslruchion, Cement. Steel and
timibier ane the essential and costly building materials which have a dominating
Itflgnes on the total cost. Hence areat care and atfention will have 1o e
observéd tn the use of these sisensial, building materials In bullding.
construction. There are other new bullding materials like alimindum, glass,
plastics, fibre glass ete., which can he advantageously considered 09 alternisie:
materials.

4 1t should be ensuretd that the desired technology and shill {labour) Is
avatlable to execyte thie nidliling projec canceived.
5 The finishing tems 1o the huilding and the mstallation of service fittings e
deserve our special care and attestion. This will render easy maintenance ol
thie installied squipments
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6. Flegant furniture and pleasing interior deo mation, togethar with exguisite
art pieces, murak, sculptures etc. atlroitly, placed at stratigle positinns
enhance the sesthietios and decor of the bullding,

7. Pianting of omamental trees and plants, and providing lwns will improve
the epvironment and combort conditions. Elegant fauntoms. lih ponds,
drives and pathways etc. can be ronsdered from: the point of vew of
aesthetics.

8 It s desirable that the building Is syrobolic of the functional use:to which the
bulldlng B gt to e i good te follow the momo * Form loliows Funellon™

7.2. Colour

Appreciation of colour 5 largely an emutional process felt by every one. Calour
5 a sournce of universal pleasure. Light s a sodres ol colour. Light & the
impression received by mind from it snmulaton of the ritina. Colour oeeurs
because objects reflacts the light, erters the aue, acts un the rurve and wse the
sensation of the cologr & in the braln, The fundemental colours of Violet, Biue.
Green, Yellow, Orange and Red from a specrurm of the white ligh

Ifan object appesns gresn, & sbsorbs all colours of white light that falis on it and

reflects only green. An object appears white because I reflects all the colours
An object appears blick because it abearbs all the eotours,

7.2.1. Pigment Colour Theory

Red. Yeliow and Blue are the lundemental or primary colours, The secondiny.
colotrs ofanpe. violel, green are made by misdng two priman colings, The
teritory colour i made by mbdng two primenowith adjcining secondarg colotr

The st colours yellow, areen. bl violet. red and armg e calied the
standard coloyry,

When any pair of complemants {opposie) are combllivd egually 2 becomes
grey, One of the best method of sub. ducng 2 beight eoluyr s to add some of it
mpfmmﬂnry wolour,

7.2.2, Qualities of Colours

Colour has three qualities. They are hue value and inrensity

Hue indicates the name of colour The name refere ) the spectrum eolour of
white light that la reflected.

Vaiue = the amount of light of darmbess i colours; the lightest value = white
The darkness valiz s black, There are many degrees in between

Lriterisity refers to the brightness or dullness of eolours. For decoration, cobours
are subdued to some exteint

7.2.2.1, Warmth or Coolness-

One of the most imporant factors in colour decoration to be considerad s
vaumih or coolness, Colours of red and yellow are considerad as warm and
bhse is regorded as cool. In any colour scheme either warm or cool shoigdd
dominate. Equal value of colours are unplsssant.
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7.2.2.2. Heaviness or Lighiness
Violet Is the lightnese of all colours, Yellow & the heaviest of all colours. 0 any

colour sicheme heaw colour forms the base or lower portion | leavy colour
are suitalile for mir's room, Light eolouss for women and children’s moorr

7.2.2.3. Advancing and Receding Colours:

These qualities ane reakssrm colours adwance. Cool colours mcede. In decoratinn
warm eolour mahkes a reom smaller, Cool solour minkes 2 mom larger

7.2.24. Emotional effect of colour

Other reactiony (o colour are due o the meanings that ape become associated
with them, White suggestes |nnocence. Black suggests el or duath. Red
sugpests love and sacrifice. Yellow, the colour of the sun suggests cheerfulness,
quiety, uptimism antd éven prosperity, It s considened 2= sicrid culour throughout
world in most of couniries

Hed & the colour of fire and blood, It expresses primitive passtan, warm, vigour,
powier movement agaression bokinees ard lpve Red s the most bekoved of
colours Blue is the colour of sky and deep water and so It expresses coolness.
It expresses distance, spece, lofineass, digniy, calmpess, serinity sic

Manuml colours are white, black and grev. These are most wiuable for large
back-grownd and the effect is ool

Rlack suggests mysteries. wisdom. sophistication and usually creates dramatic
or exmeme affocts,

White s serenity of cocliness, White and offwhite are generally used for both
exter|ors and interiors. An Inexperienced parson might usially use white ‘wash
through-out 1he entire house. Pure white s the best with cool Colours, where as
green ond off white oo well with warm schemes.

Grey gat by inbdng black and white bas no partivular charagter of is own. In
light shadows dignified Pale grey = pleasing for exterlors and whité house with
gleeping rooms and shutters look well with dlate grey

7.2.3. Colour Schemes:

It is highly desiralde that anyone should develop his cum colour sense by
experimenting and by ohsenaton of bebutiful examplis ebavhiere. The lnllowing
fonmuiae are of some help.

7.2.3.1. Monochromatic Colour Scheme:

This Is the schema in which enly ane colour ls used with varying intonsity and
valyes



VIS Enginean' Gurde
7.2.3.2. Analogous Colour Scheme
This schene is made by combining adjacent three colours of pigment colour

cirle Adjacent colewrs are harmonious because it containg portions of saime
calgur. They may likely to be too hot or wo cool. Only oae primary should be
inclucled.

Exympies: al Yelow green, Yellow and
Yellow orange.
bl Redviolet, Violet ane Blue violet

7.2.3.3. Trial Colour Scheme
This is three colatiss o (hi points of equilateral triangle an the colour circle- i
s well balaniced one.
Fxornples: a) Yellow, Blue and Hed
b) Orarge; Green and Violot
£} Yellow orange, Blue green und Red violet,
In tliis scherie. the colours should be subdued.

7.2.34. Complementary Colour Scheme:
Coiours thist are opposie in colour circle are in this schema.
Examples; Yellow and Violet/Red and Green/ Biue and Orange.

It &5 usually a balanced colour schame. Colour should be subdued and one
caiout shoutd dominate,

7.23.5. Spilit complementary colour scheme:
It this system, one colour & used with two colours that acjoin it complernent
i thie enlour circle.
Bmples: Yellow, Red violet, and Bue violet

Factors in colour scheme bor room.
1] The roum siee, shape and expostare,
2} Mood
3) Style
4} Fashion
3] Pemonal Preference
6) Furmishiings.
71 Use of the room.
A livng room should express cheerlulness and hospitability with an atmost use
ol restiuiness and relasntion Therelore the colour should b eheeriul but not
over stimulating, Eahily Ught warm colours & mostly desirable.
The dindnyg room & conservating and dignilied, Cerin' plessant corprises in
eolou- and decorations can be wsed. Warm colours are refreshing and dulicious.
Kiteken should ba ¢huerful light snd bright. A bed roamn is ol usually personal
choice and might wil have favorite calour of the becupant
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7.2.3.6. General suggestions for a colour scheme
Lke dafinite schemes such as complementan)
A safe scheme consisty of tints and shades of colour only.
An gasy scheme & while off-white with one or two colours
Three colours, and Thelr variations.
A eolour schemie s aften begun with teritany colotr.
. A eslour sthene should be delinitely dadk or light,
A neutralised colour s the best for large areas.
A more definite colour # suiteble for imedium areas;
A cormplementany colour to a daminate colour in small aress.
I & colour fs ned brilliant, & conirasting colour urwhite mosy be added,
. Egual areas of diffirent colours are monotaonin.

=l B -lR LB o

[
& a

7.3. Planning of Residential Buildings -
These may be classified a¢ Individual House and Apariment buildings

In the early ages. the priviste houses were subuordinated to other lypes of
buildings socially for thousands of years. Tt wis the remple that was given
priority by society and the femples influenced other tvpe of constructions. in
the European archifecture, the temple was supplemented by biths et and
attention was given to he<es belonging 1o cermin sectiins of the populatlan
tlose to the hinge. It was given to Frank | loyd Wright and Lecorbusur who
both developed theories and shifted the eriphasis and influgnced the entre
world of architecture @s i resull of thetr study of the design probliems presentod
by tha indvidual priviate houses.

It was the ltalian renalance thal marked the house architecture and It took
precendinoe over church of termple. Previously house was in realily & place or
a willa and it was limited to i minute fracton of the community, Stich buildings
wieri seattered over the country side.

In England by 1800, the “Country House™ had reached a high polnt of
development. Sudial changes started taking place and the industrial revolution
createrl o middle dass and upper class sufficiently affluent to bulld houses of
their own. Wealth way getting distributed] ond there was sodden ‘upstirgs in
krchiteciure, spreading throughoat the length and breadih of the country i all
classes of people,

The present century abandaned the rules and percepts which have digniny (o
earlier types of bulklings. Now conditions of freedom were created, the genernl
directinn wos construfive and creativi

The cancept of “ipen plan™ with large glass panels for windows, siding doors,
use of windows i lang rows was given birth to

7.3.1. Basis of Contemporary House:

The house is tn shelier a family and o proide for its necessary activities
Technolugival, socis] and phyohological conditions flstared the growth of the
modem house.
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A mian requires a house opan on the ground floor and closed on the second
Building large houses were ghuan up because they have became unmanageable
and unsustainable.

Heuse is now a “maching for lving”. The houses had 1o become man effichnt
in terms of maintenance. This had lead 1o shrinking house wpes 1o reduce
house kegping problems and in most cases to the reduced amount of meney
ayailable far the houses.

A stmall house does not mean uncomiortable house. A room In it may be small
but with & large window opening it seems biager. A several small rooms may be
s0 designad [hat they merge into 60¢ large room Lo getan incressed sénse of
sphce. ‘

7.3.2. Analysis of Contemporary House:

The demands of the family are o be salisifed sleeping. cooking. eating,
bisthing, ctudy, wosh, sodal activities and reloation, These acthities may
redulre & seres of distinct areas but it & Vintgally impossible beca{we of the cost
of the bullding and the difficalties in maintenonce, Hence the function of
recsns are combined. A larger propartion of the population as been educated
and a great deal ol lime may be spanl inreading. A storoge problem has not
been created.

Television sets, radios and record players offer a kind of entertnlnment &
home and they introdisce a new elesmunt in buflding. Orent is nlso needed in
our homes antd more privecy may be needed. Exira space may be required for
commumity work. The ling pattem of to-dey i langely changing,

7.3.3. Living Room:

This should be as large as owner can afford o make it It may abo include
dinning space. In axireme cases it may be even merged with kitchen 1t & lined
to culside by means of large window walls to a parch, terrace or garden. This
room is wsed for = varety of activites, It s used for indoor games. for study,
reading ledming for paries famlly menks and formal dinners. s fumilture
should Include storage units for various activities.

7.3.4. Kitchen:

A generation ago, the concept was to separate the lving room from the kitehen
by a partry & dining room or often a corridor. To day quests are Mhkely to be
Invited Into the kitchen may shrink as the luchniques of prepuring lood get
changud,

Pre codked and frozen means may one day eome whon the house wils will lie
able to sture complete meals In 2 deep-freezer and to- serve them wdth nn
preparaton a sl

Several facts point 10 a tendincy i that direction. Ultimate: the hitch
rechuce to o cubicle. oh P
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7.3.4.5. Dinning Room:

Today there s the disappearance of the dinning room. There is only ne 10 2
hours of activity in a tay i this rwem and a dinning om becomes un
warratited and & waste The most common procedure loday to estiblish &
dinning erea. Somewlere in the living room and: 1o supplement this with a
permanest dinning along 1n e kitchen o mimediately odiecent i 10

7.3.4.6. Sleeping Areas:

The trend to-day s a minimum house due to high building costs. hence our

atternpt b to ot the smallest possible house with adequately designed sleeping

SANEAE

Bed room i= a tnrge room L2 = [N whick s by no irigens extravagnnt. Hee ks
Ihe space devotiud (o sleeplng and dressing with a double bed or tudn beds. &
bureamur dressor o ches of drawers, one or two night 1ables and onie or lwe:
chialrs

The awrage hed roorm has to Be larae othenwise there will e no possibiliey of
rricuing a round it or even of placing the fumiture Bureaws ind chests mnybe

elerninated by installing the necessany drawers and travs In elther than the wall

or a closet. Beds have béan reduced |nside-4nd a space 8 * 12 is farge

enoush for sleeping requiremants af any couple

The need fur privady is seadily increasing-with the dining room gong and the
living ruom developed as one large area designed for & vareity of family uses
the bed mom has become the last refoge in the house.

Bid rodan corves 25 & secondary sitting reom, the purpose of which is 16 aluw
parents and children 10 Gy on thiete own activities hieye:

7.3.7. Storage Spaces:

There should be enough cluset space for storage in 1he hoose, Provision for
book stomae. storage for clothing and well starage susterns all hecore necessan:
The coreept should be " Adequate closet space™

7.3.8. Bathroom:

The modern bathmom i the ope reom in the housa whicki has bess squazed
duwi 1e an absolutaly ireducible minimom and the reason s that bath Taoim
are designing lor faures instead of for the people who ose them minimunn
amen i 3 sg it (6 = 5) The costly part of the bathroon is thie fdures amd
phernbing. Minlmem bathroom: s the standan] even in expensive housses

Sirne wastefill motdermn bathrooms are Inaurioush) fornished with telephones,
bxuild k- radios, ash raws for by the tube reading lights, & shower s well as o
fube. & lounge curved with water proot fabne, sun lomps, medidne chess
matorisls and equipments for exércse. In other words given 1o Imaginasion
and lunoey, the bathroom tumed out io be alabomite and unconventional
There & i fesiing with zertain people thet the bathiroam should be used b
after wider range of actiitiies than nomully camed on it 5. A pleasans relaxd
legling riay be made in 4 bath room by jprovision of thess ameniifies.
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7.4. HORTICULTURE

The werd 'HORTICULTURE' wreans growlng of frulis, Bur in 15 general
application |t Includes Florculture. Olericulture and plantation crops besides
fruits. It can be sald that the development of horticulture commancad om the
period when man has identified the edible fruits and tubers from among the
innumerable kinds and ‘vardeties avallable in nature The mango, jack and
hanana are some of the important fraits mentianed in early Tomil Literature.
These early [iterature alko mention about the different kinds of flowers used for
different purpases like Vagal [Albesia) for the celebration of victories and Malll,
Arall ute,, for pujss, Similar there are mentions about spices like Pepper and
Cardamum.

Mo doub that, the 1aed in s undisturbed state is beaufiful The hill ranges with
greéen or desiducus forest or grass land with swift feaering sireams. ane as
pleasing as the vast sretch of desert with its shining sand and occasional oasis,
But with the arowing needs of rman non-interference in the natural conditions
of the land has become impossible: Such interferences hod caused not only
serious damages but ako created a numbrer of ugly spots. It is In this contest
horticulnire lvas special reference to Civil Engineers.

As Chil Engingers are invalved in a number of construction works which vary
widely, It may be large dams for imigation and Electicity or small welli for
drining water, It may be a big structure for steel plart or small hute for the
under previlisgud sections of our societies. It may be winding road up a steep
hill ot a straight road in a shishy valley. Whatever may be type of work when the
natural eondition of the ares b disturbal, wihine b scope for eaving a nurnber
of ugly szars: The develepmant of the anea arcund these constractions in such
& wiay nat anly to erase thie ugly scars by alsa to make the constructions mongs
with the surrobinding s wha! is called landacaping,
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7.4.1 Preservation of Landscape:

This aspect s more importom for lorge constroctions like Dams industrial
Complaxes: Satellte wwns and even indididual houses with large sunounding
ares,

While cansidersble Resrarch snd develdpmenis liave been made o the
designs of the strustures suited to the locelity, comparatvely veny fitth: attention
it g w0 landscape development m the plan-and construction stege. This s
wident | most of the gardens doveloped near the dains in' our state,

For landscape development adioining dams, it Is essantial to have areas n
propartion to the length and helght of the masonary structure. In the Mettur
Darm, if the homp between the hwo outlets had been covered with goud rees,
the sppearauce and atmosphene of the area would have very different than
whatis s now, Ne doubl it contains rocky area, But if proper assessmesit of the
sprictes of mees that existed at the time ol construction of the dam was made,

thuse coulil have been either preserves| o re-established 10 form a Woodliand.
With well Taid oul feotpaths and location of Howering irees that entire slope

could have been developad intu ane of The beoutifl ree park. The would
have not only changed the amuosphere of the new industrial township there,
but also enhanced the imporance of Motior Dam as a Tourist Centre. The
existng gomlen bl the masonory wall does nol help to merge the dam
struttire with the surrounding malnly because of its sive which Is ‘oo small for
{Fe gigamtic rmasonary siructire of the dam,

Thit lnrge Industial complases whige there mav be mare than one stroctuie, it
ie esenrial to indude in the plan tself e landscape development beween
such structures. This will help to provide sufficient spece/for the sultable kinds
ol trees, Since trzes form-an impormnt dem i any landscape gardening, fixing
the wpe of trees, either full 2nad ghim (ke Polyalthea Pendula, or miedium and
spreading like Cossig or large like Peltophora, subable for the locstion i mone
important. Besides s omamental value sslection of suitable trees s imporiant
depending on the type of industries. as they help to prevent movemant of dust.
serve s sunshade wic

The above concept holds good also for the new townships thet are being
deweloped around most of the big cities. Chandigarh b one such cy developed
with a good plen for the landscape developinend. Apart from this city. Mew
Dielsi and Bangalore have ako such well devaloped ireac.

In Western countries like West Germany minst of the big cilies have a well
developed tree parks nd these are knovn as the lung of the cities. But in our
States, ever the few existing avenue trees in the most ol the towrs may ako be
lostin the masd fow vears.

Bur there are a number of large houses with well develped lamnlscape gandens
in our State. particularly oo the Nilgirs In this hill station, where Jerge Tea
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Plaiitations exist, proper care has been bestowed in most cf these planations,
In fhe salection of the location fur the house and development of the sumroundings
to merge with the green and undulsting Tea fiefde Similardy o Madis and
ather cities also quite = few large houses have well duveloped gardens. These
hotse garders Indicats the possibiities and scope for development.

With these examples, it i siressed that Civil Englneering and ‘Hortiaulture
have great role to play. In providing the living and worldng places of thie paople
with surroundings thatuill be pleasing to the eves and good for health )



VIII. BUILDINGS

8.1. LOADS AND WEIGHTS ON FOUNDATIONS

8.1.1. Safe loade on commaon solls:

Rocks tonnes/sqm.  Rocks tonnes/sqm,
Hard rock above 2200 Moorum 201045
Chelipary rock above 110 Clay shales 110
Sand stone 13220 Merl & finn shale &5
Limestone 1000200 Hard chalk 45 to B5
Soft rock 201090 Soft chall 17

Intensity of pressure-on a rock foundation should at no point exceed one-
eighth pressure which would erush the rodk,

8.1.2. Safe loads on cohesive soils:

Hudmmﬁchwandmdyduys e S e RS SO B 1R L
Firm clays and sandy claws e N a8 o Lo a X Me e AR AR
Crdinary clays . R DT £ T o I 4G B e o
-Sandymdclq.rnmdurmlnwn 4w AP TR S i Wt e PR )
Redeanh oo pindvmissnnnesins e . 30

Ue:ysulici’npa:ﬁmlmmdpeut R e o fees Uit i ||
Rlack cotton soil | o A K e 3 e S0
Alluvtal loams ' e s T T T R B e
AR IOS . 0a e s b 50 s 20 LA B e
Hadug:mndfmr;&ufldatnd} e b Rl e
Hoagin (campact] .. ... ........ PSRRI ] S

8.1.3. Safe loads on non-cohesive mlk

Compact gravel or sendwell cemented . ... .. . 551w 80
Compact gravel orsandandgravel . ........ooiviiprroo. 831055
Loose gravel orsend and gravel ... ool iaeas 30
Coampect eoarse sand (confined) ... .. ... TN ! ... 85
Loose coarse sand . S 2l
(mmmﬁmnndimiumdl IS P s L AL e 1 e a2
Lnose fnesand =i R AL o [Pyt P =1 L
Sand withday (opciee s e e 20
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Mote:;

() The oboue palies are only approximate and the aliowable bearing pressure
for individual solls moy differ considerably. The figures have o factor of
safetyof 2 103,

(il If the ground water lepel in sand or gravel soil is lkely o approach
foundation level the safe bearing pressure should be reduced to abote
one of the palues given

lill Foreecentric loads themaximum safe pressures mayexceed byaboyt 10
precent.

{iv) The sofe bearing pressure can be exceeded where the foundation is faken
weell down In the ground by on amount equal 1o the weight of the material
which i displa-sd by the foundation iaclf
In the case of non-coliesive soils the bearing pressure moy be Increased by
onie-gight of a ton for goch foot of depth of the looded area beiow the
lowest ground surfoce iImmediately adjocent
For fotndotions suppoded on cohesive soils, the settlements of footings
for o given unli pretsure incoose with the Mnear dimensioms of the
Jootings. There would therefore be a difierent aliowable pressure for each
size of jpoting on o given cohesive soil If uniform settlement were required.

(v} The ulirmate branng copacity of sotls under leng. rectangular footings
should be toker onlp Y h of the bearing capacity under square footings.

8.2. PERMISSIBLE LOADS ON MASONRY

{For good cass matericks)

tonnes/ sq.m.
Cement concrere A e AEE R . 420
- do = 1:1%:3. .. 3250
— du — i e £ U s o ian And IR
- do — R e R e
—do — gy A UM T s rran - 168
- do — 1:4:8 .= 110
Mass cement concréte 1:6 .. 200
—dor== e B, TN 165
_dg_ l.‘lB- =N TR - -11n
— do — 1:12 b _lu ciiis

Limic cancrets . .. e e e TR e . ¢ DR o g 45



Brick work in cement
S e
iy T
— do — in lime
— do — in mud
— do — sundried
— do — do — in mud
— do — country, in lime
Stone masonny, ashlar, in cement
—do—do—
— do — |n lime
Coursad rybble masoney In cement
— do — - do -
—da— Inlme
Random rubble masanry in cement
—do— —do-
—do — I Biemiee

o B

Block masonry in 1 : 3 cement montar, average

arushing strength of block not less than

35 kg/sq.om
W' =,

140 »

Solid cement concrete block
mason ey In cermunt

1:3

Bulldings Vi3

]

27
&5
105

165

8.3. SUPERIMPOSED (LIVE) LOADS ON FLOORS

" — Kg/sq.metre

o ower-crowdings

e ight loads.

1 Floors for residences, hostels, hospitals etc.

2 Floors lor offices, schools, assembly halls, banking halls, etc.

3 mewm.mhmm.hrugmwmhmms
and office rooms for filing and storage

4 Stahs.lamihg!.mfdm'mlmﬂmda.bu!mhs.nmmhh

6 — da—, subjed toover-crowding
7. Telephone exchange rooms, ranslarmer rooms

5 Hmhmwmmfmmmmm
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SUBJECT TO A Min : Total load of 2.5 times for slabs and 6 times for bepms,

unifermby distrbuted, Beams, ribs and jolsts spaced not more than one metre

centres may be caleulated for slaly cadings. =

"Suparimposed loads” conssts of persons occupying the rooma, fumitere.

aquipment e,

Aveorage walght of men = 68 kg each 5 men should ih'a space of 1 sy. vard

(0.584 sq.m.)

Experiments show (hat it 15 possiblz for a crowd of people to exert as high a

weight as 880 ky/sq.m, of floor ares. A weight of 680 he/sqy.m. s guite possible

where there are throngs of people. A load of 400 ky/so m. |s quite frequent in

buildings atid private houses at endal gatherings A cowd of men pushing

against a balastrade may exert a horizontal pressure of about 250kg/m nin

when they are three deep

Minimum load for slabs of less than 6 sqg.m area shou.d be taken e for Gagm

and for beams of less than 244 m span Joad should be taken as for 244 m

Beams, ribs and joists spaced at not more than 03 m centres maoy be

calculated for sksb loading.

Welghts to b taken for the design of foundations: —

(1} Dead loads of : Foundation concrete, walls, roofs, ficors, projections and
any eoncentrated loads,

{iil Superimposad loads on foors, wols, stairases, stc. Vartical components
of any horizental thrusts in warebouses ar worlehops, or from arches.

In bulléings where the supetimposed load does not exceed 500 ki/sqm. the
follewdng redisction bs mude In the superimposed loads for the deslgn of
columrs and foundation In multl-sicrey buildings: - The superimposed load
an thie lop most storey is In aceardance with the above table bul a reduclion of
10, 20,30, 40 and 50 percent is made on the superimposed load on the I,
2nd, 3rd, Mh and 5th storeys respedtively below the top most slorey and 50
percenl for all the succeeding storeys where the building consists of more than
6 storeys. It is highly mprobable that Ll load will éver be imposed over all the
flaors at one time except in the case of warehouses in whith full lnad conditions
might uecur. Some engineers take only 50 percent of the futal supenmposed
load on all the storuys cucept the lat

An ordinary single storey residential bufding impeses 2 weight on the feundations
af about 10 to 15 tonnes per sqimetre, 3 2-storey bullding, of about 15 1o 21
monnes. and a 3 sorey bullding of about 20 to 25 worees per sqamere A 3
starey building of the heavier type may have a weight of sbout 40 te 45.0n0e

peT 8g . ET0
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8.4. DESIGN OF FOUNDATIONS FOR BUILDINGS

Deapth of Foundations :—
Minimaum depth of foundation ks given by:

h= -:— [% * Rankine's formula applicable to loose sofls.

Where: h = min_ depth of foundation in m below ground level; P = safe
permissible pressure on the base In kg/sq.m.; w = weight of the sofl in
hafcu.m ; @ - angle of repose of the sail material,

For tall structiires such as chimneys and towers, % th of the safe lnad on the soil
shoule be taken and the depth *h’ increased by 1/3.

Foundations are generally taken down to about 90 to 120 cm for main walle,
45 to 60 em for partition walls and 30 an for boundary walls in ordinany soils 2
in 3 storey bulldings welghts, But foundations must be taken down to a firm
soll and balow westhering effects. When pant of a footing is weaker solfl, thal
part should be taken down deeper and separated or measures adopted for
aqual distribution of pressures according to the bearing capaciy of the respective
solls

8.4.1. Rankine Coefficients

Siope Angle § I —Sing 1+ Sinf
1+ Sing 1 - Sind

1:6 5 0840 1.19

10 0,704 142

1:5 11e2a 0672 149

1:4 1470 0.610 164

1570 (.589 170

1:3 18930/ (1518 193

; 20°0 (490 204

1:2 26°30° (0383 2561

30° 0,333 3.00

1:1% 33°%40° Q287 349

40°0’ 0217 4.60

1:1 45° 0172 583
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8.4.2. Solls Weights and Angle of Repose
. Weight Dry _| Angle of repose degroce
ka/m? Dy Wet
1. Gravel & Sand 1600 30-35 30
2. Gravel 1600 30-35 3p-35
3. Loam 1520 35-40 25-30
4. Fine Sand 1600 30-35 30
5. Coarse Sand 1600 B 30-35
6. Shingle 1600 35 35
7, Clay 1520 35-50 15-25
8. Sandy clay 1840 3n-40 25-30
9. Peat 560 45 1530
10. River mud 1440 15-29 .5*1‘{]]
11. Sand & Gravel filling 1440. 1600 35 30
12, Clay filling 1600 3545 | 1525
13. Rock filling 1440-1760 45 45

8.5. TAMILNADU BUILDINGS
(Lease and Rent Control) Amendment

Act 1973

This new Act came Into force [rom 30th June 1973, vide Chiel Engineer
{Butlding) eircular mimo No, Wks 1113) 67092/73-8 dated 15-10-73.

The Government In thelr memo. Mo, 907/Q/47-2 PW dated 2:4-47 have
already ordered that the provislons contained in section 4 of the Tamllnadu
Bulldings (Lease and Rent control] Act shauld be gluven due consideration for
calculating the resonableness of rent for private bulidings taken on lease for
Govt. purposes, the following revised Instructions In liey of the cireular Memo.
R DAS Whs, Il {3) 1014131-72 dated 23-8-72 and WKs 1l {3) 67092/73-1
dated 8-5-73 of CE(B) are issued n acoordance with the principles contained
in the latest Act for further guidance of this deparmental officers and sirict
compliance.

{a) The réesonable rent of sny Residenilal Bullding shall be 9% gross refum

per annurm an the Total cust ol the bullding.
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Notes Residential building Includes Hostefs also vide Goot, Mema. No. 17312
A C1/72-9 Home dated 11 11-76

{b) The reasunsblé rent of any Non Residential building shall be mwebve
percent gross retumn per annum on the Total cost of the building.

{c) The reasonabli rent for any residential or non residential building located
i non-Munielpal or Comporation areas shall be 7% gross return on the
total cost of such bullding

{d)] The total cost referrec to abowe shall include the followtmg,

8.5.1, Cost of construction:

The cost of construction ofa building shall be the probable cost of reproducing
the building at the same condition and at the prevalling market rates. For this

purpese the Supta. Engrs. of PW. Circles are required it prepare and furmish
annually to Exe. Engineers and locil accommedation controlless; the Schedule:
of plinth area rates as per GO, Ms No 2433 Home dated 12-9.73 vide copy
communicated in this afffce cireular Memo. No. Wik [T {3) 67082/ 73 6 dated
21-9.73. The sthedule uf plinth rates wil indicate the plinth area rales for:
various clacsses of bulldings In accordance with prevalling merket rates in the
locality and also the maxdimum percentage upto which provision can be made
for imemal water supply sanitary and slectrical instaliations. The probsble cost
of construction of a bullding caleulated on the basts of the rates and pemcentage
indieated in the schedule of plinth rales, should be reduce:d) proporfionate to
the age and nature of construction of the bullding In the manner prescribed in
GO Ms. No. 1370 PW. dared 4-7 67

Iri spocial cases where the nature of construction of a bullding in the opinion of
the rem cerlifying officers, requires a highar o lower retes or percentages for
fittings than the rates of percentages prescnbed In the schediile of plinth area
rates; then the rent cettifving afficers may allw or disallow an amiaunt ol
oceeding 30'% of the cost ol conmruction, This provision should be sparingly
and judicially exercized by the Rt cerliiviing ufficers thernselves. The Exstutive
Engineers. should however repan In detall such cesés to Suplg. Engre and
obtain their prior approval belore tssuing tenl certilicates (n such cases &s it
involves fixing rates higher/ lower than the rates prescrbed in the schedule of
plinth area mies

8.5.2. Market value of land :

The maximum extent of land to be isken into consideration for this purpase
should not exceed ong and hall times of the actual bull up area of the huhEdlgE; _
if the total extent of land available in a bulldiesg compound i les than
madmum limil preseribed above. then the land value should be restrctad o
the acual esent of land availably. The edent of End In oitess 1o Ihn
miadrmum lmit preseribed can be treated os amanine

Note: The market valise of land shall ahus be assessed and fioed In consulintion
with the Revenue Tfficors not below the rank of Tulwildars of ihe Taluk
concerned
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B.5.3. Cost of amenties:

The itermns which are (o be treated as amenitles and separately valued for are
indicated in the Annixure to this circular, The cost towards such amenities
should be restricted 1o the limits Indicated helow,

{a) In the case of residential buildings 15%
(b] In the case of Non residential bullding 2549,

Of the cost of construction and the market value of land determined in the
manner preseribed in para 2 (d) (i} and 2 (d) (i} ahove,

Note: The rates and percengages Indicated in the schedile of plinth urea rates
should be exclusive of the cost of amenities.
(i) 1f the rent demanded by the house owner is less than the calculated ren,

then the certificate should be restricted ta the mate of rent sctually demanded
by the House owner.

() In any case, the reasonable rent cerlified should not be higher than the

prevailing market rate of rent for similar type of sccormmodation In fhe
sarmia locality.

(i} Fer any special or peculiar conditions, if it is constdered ngcessary 1o
recommend a higher rate of rent than the caleulated rent in the manner
prescribed above, then such cases should be reported, to Chief Engineer,
Buildings with full details; working sheets plans and the spectal or pecullar
conditions watranting such higher rates of rent etc; for abtalning the
approval of the Govt. as the case may be.

8.5.4, Enhancement of reant:

Enhancement of rent is not admissible except under the tallowling elrcurmstances,

(1} Where additions, alterations or improvements 1o the bullding has bean
carred oul by the house owner

(it} Where the local body was imposed a new tax or cess or increased [he
tax/cess an the bullding on the grounds other than Increase In the rate for
the building,

(iit) Once in 3 years, vide G.O. Noa. No. 753/PW/Dt. 7.4.84 the rent can be
revised.

Nate: The both of the above awo drcumstances, the amount of increase In rent

should be equal to the rent for additions allemations Improvements new
tax or cess or additional tax or cess as the case may be

8.5.5. Special concession:

In cases whare the reasonahble rent for a building has already been fbeed balore
the commencement of the Tamilnadu Building (Leass and Rent control)
Amendment Act. 1937 Le before 1-7-1973 In accordance with the prineiples
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underlined in the previous act, then the reasonable rent for such buildings may
be revised In the manner prescribed above prowided the house owners of such
butldings specifically asks for such revicion of revised or enhanced rent In such
cases should be glven effect only from the date of application from the house
owneror from 1.7-1973 whichever i later.

8.5.6. General Procedure:

(il In respect of bulldings exceeding 1000 SFi. of carpet area in Madras city
znd Coimbatore town, the Superintending Engineers concerned should
ssue the reasonableness of rent cedificate Govt. Memo No. 96908/ G2/
(-7 PW.date 6-8-69 and Govt. Meme No. 91969/68-9P W. date 29-7-
70. In all other cases, the Executive Englneers concerned will issue the
ceriificates.

(ii} Care should be taken 1o lssue the certificate within & month's dme from
the date of receipt of requisition from the oflicer concernad. There should
be no delay in lssuing reasunable rent certificate bevond this one month
period,

{1} {a) The section officer should prepare the line sketch as of the building
after personal inspection of the premises and record correct measure:
ments in the line sketches The Sub Divisional Officer should
countercheck the line sketches and affix his signature therein after
certifying as "vertified and found comect’. The line sketches should be
drawn to scale. No technlcal officer should submit his repert to his
higher officers with line sketches or plans 'drawn pot o scale’ The
Section Officer who prepared the line sketch for the bullding should
also workout the total cost of construction of the buflding in the
manner prescribed in para 2 above. The Sub Divisional Officer
concerned then Inspect the building and ¢check the caleulation of the
total cast of the building. The Sub Divislonal Officer shall be responsible
for the comreciness of the fine sketch for the buliding, the plinth area
rates to be-adopted, value for amenities, percentage 1o be adopted for
electrical, sanitary and water supply fittings probable sge of the bullding
correct extent of land suitable depreciation for the bullding

{t) On receipt of report from the SDO. the Exe-Engineer shall after
personal satisfaction of the reasonablzness of the rent for the building
will issue the certificate in coses where he is competent o lsue the
certificate or forward the proposak with his report to the S.E. concernad
in cases where the SE s competent 1o issue the certifieate. The rent
m%dhﬁuﬂﬂhtp«wmﬂympmﬁﬂ:kfmkhemnnubhnm
of the ren! certified by them and for the correctniess of all warking
sheos and plans prepared in this cannection.
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Nme:mwmﬂufwﬂcﬂmlfmuﬂbeumhdmemfwhudmb
by technicel officers in the Division Circle office. Such caleulations
should be checked by the Head Draftsman and on no account It should
be allowed to be done by ministeriol staff The Divisional Accountant/
Hanqruﬂdm&mwﬂwmﬁ:mﬂsnjhm.bhudm
caleulating the reasonable rent with reference to the above
Governinent orders, Code rules and Chisf Enginser’s dircular instructions
L issued from time to fime on this subject
{c) "A register of rent certificate issued” may be maintalned in Divisional
offices and In Madras Chingleput Circle and Coimbatore Nilgris
ciircle office, with full details about the Certificates issued by the
mmnedn{ﬁm,mchcmingﬁwda!euimﬁnwmqutﬁum,damnl
issue, plinth area of the buiding, location l.e. address, rate of rent
certifled etc. This register should be made aveilable for inspection in
Divsion office by S E and in circle offices by Chief Engineer.

8.5.7. List of Amenities

1 Alr condifioner

2 Lih

3. Water cooler

4. Elecirical Heater

5, Fridge

6. Muosaic floaring

7. Side dadoes

8, Compaund walls

9. Garden

10. Over Head tank for water supply

11, Electric pump and moter for water supply

12. Playground

13, Badminton und Tennis courts

14, Sun Breakers

15, Vacant land appurtenant to the bullding in excesy of the masdmurm limit of

one and a hal times the built-up area refarred (0 in para 2 (d) (i}

16. Usufiruets, i any enjoved by the tenant

17, Features or special prchitectural interest

Nota: The procedure of treating electrical water supply, and ganliory fittings as
amenities, and providing allowance for 'Locality etc. hos been dropped
in the present amended Acrof 1973."

8.5.8. Proforma

Part] 7o be flled by the occupying department.
I Nameof the Office

2. Location of office.
(Narng of street, Dicor Mo #te,)
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fe)

Date of Occupation S Bulldings
b Whether the entire building has been
occupied or only & portion thereot.
¢ Mo. of electric light and fan paints in the
building or portion Under oocupation
d. Whether the building is provided with a
compound if, so, open space, i any
availabla inside the compound

& Manthly rent of building or
portion of bullding

. Strength ol office

a Gazetted.

b. Non Gazetted
c. Ministerial
d. Others

. Carpet area.

a. Available in the bullding

b. Required as per year stick prescribed
In G.O. MS. No. 1274/F public works
Dt. 17.5-61

For Officers

For Subordinate staff

For records

For other purposes [0 be sepecitied)

Total '
Balanee of space if any svaflable {a) - (b}

Part 1
To be filled by the Exe. Engr. PWD. concerned

6.

7.

H

2

10

Total carpet area available
{or ocoupation

Estimated capital cost of bullding
or portlon rented.

Manthly rent certified
Remarks on (5¢) abse
Any other remarks

Signature of the EE/PWD

vm/11
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8.5.9. Standard Rate of Depreciation

Rate of
Kind of building Depraciation

L per anniirm
1 Bullding bullt in lme mortar in which teak has been ysed)|

throughout 1%
? Buildings built parthy in brick In morar and partiyin I:ridc

mud and in which teak has been used -1 14%
1 Bulldings butlt in brick (n mud and in which eountngwood has

buan usad 2%
K. Building tike police lnes which are inferior to those of class|

3 above, with brick in mud unplastered walls, mud floor and

i which cheap country wood has been used - 45

Note: The depreciation shall be caladdated for each year on the prevous net
value arrived at after deduciing the amount of depreciation of the

previous gear.
Property tas on Government Building Rate at which the amount of Depreciation
shall be caleulated.

(i} The amount of depreciafion shall in no case be less than 10% of the
present estimated cost of the buflding,

For a bullding aged ‘n' vears the depreciated value 'p' is to be workad put as
follonwes:

P'—Ml‘m_-'} n
100
Where
= depreciated vahie of the building at the end of ‘n’ years

A = The original value of the building If known or the value arrived ot current
retes fot o bullding of the same accommodation.

r = the rate of depreciation per annum
n = the number of years (age of bullding)

The amount of depreciation will be equal to (A — P) subject to 2 mintmum of
10%olA
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RATES OF DEPRECIATION
Mo, of Amoumi ol depreciation at
years 1% 143 2% 4%

1 01000 01500 02060 04000

2 1990 02978 03988 07840

3 L2970 04143 05863 115326

4 03044 5866 07703 15065

5 4901 07278 D9E08 18463

1 H6B52 A86eeS 11416 21729

T 06793 10039 13187 24855

g 07725 11389 14924 27861

9 (8648 12718 16625 S7aT
10 09562 14027 JR263 A3517
11 166 16317 19927 36176
12 11361 16587 21528 38729
13 12248 16838 23098 A1160
14 13125 19070 24636 43533
15 Loy 20285 26143 45791
16 14854 21480 27620 AT960
17 15706 22658 9068 H41
ik 16549 23818 A048E6 52040
19 17389 24961 31877 53958
20 8209 26086 3230 L5800
21 19027 27195 34574 57568
22 19837 2RPR7 S4RRE 59265
23 20639 29363 37165 B0R9%5
24 21432 0422 38422 52450
25 22218 A1466 A9653 B396(0
26 £2996 22494 A0BE0 65402
27 23766 A3s07 42043 HETRE
23 24528 34504 A3202 68114
29 25783 A5487 A4338 69390
30 26030 e i A5 JUR14
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RATES OF DEFRECIATION

No. of Amount of depriscialion !

Years 19, 14% 2% 4%
31 26770 27407 ALG42 TT90
32 27502 38845 4612 72918
33 28227 39271 A3659 74000
34 2R045 A0182 49686 73041
a5 28655 A1079 ADE92 FE0G0
36 30359 A1963 Sieig THHIR
37 31055 42834 52645 FOIR
38 31745 43641 53592 7E8M
39 32427 44536 B4R Ta649
40 33103 A5368 55430 AHad
a1 33772 46187 56321 B1245
42 34434 AR995 5T195 819495
43 45080 47780 58051 B2715
44 15739 48573 54840 B3107
45 3631 49344 5712 S4070
46 A7018 50104 AO518 B4708
17 37647 S582 61308 B5312
a8 A8271 A1590 L2081 85607
49 IRRAR 52316 62840 ABLT0
50 Jadua 53031 AI583 AT011
Bl A0104 53736 64311 A7531
52 0703 54430 BE025 BRL30
K3 41296 55113 65725 AR50
5 4188 BL787 BBi1l 88968
55 42464 56450 67282 Boatn
ha A30ad AT103 S71a0 ot
57 " 43609 57746 BRIBS B0
5R 44173 55380 618 90630
59 4732 59005 69637 91005
Iy 45284 50610 70245 S1365
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8.6. STANDARDS OF CINEMA THEATRE
BUILDINGS
{Based on Tamil Nadu cinematograph Manual as comrected upte 31.12.82)

8.6.1. Requirements for Permanent Cinema Building{Para 53 and 54)
{1} Road frontage on the Public throughfare.

12} Suitable booking windows and toom fcrr quéeaes of would be purchasers to
form within premises.

(3) Hand railing, 1.2 metre high In front of booking window, of G| pipes at
02286 M to 0.3048 M centres in Tubular post as per MID.S.5. No. 858
Width of passage not less than 80 crm.

(4) Shelters and hand ralling to be sufficlent 1o accormodate at-least one third
of would be purchasers,

(5) Three sides of the building with an open space not less than 610 M in
width exception if adequate space is provided in Ground Floor or basernent
flovar over which auditorium (s located,

(6] Eaves shall have height nat less than 3.10 M.

8.6.2. Scale of sanitary accommadation — (para 53)

Men:— Urinals one stall (seat, for every 100 persons,
Latrines — ane stall {seat) for every 200 persons.
Women - same scale ag for men.

8.6.3. Ceiling:— To confirm to clause 9.4 of 15 ; 1942 — 1960
(para 56)

8.6.3. Balcony — (para 57)

[1) First fieror balcony exterding over pit or stalls height between ta floor of
stall and fier-not less than 3 metres,

(2] Height between the floor or the highest part of gallery and the lowest pant
of the ceiling over the same — not less than 3.75 metres;

[3) Height between any tier and the tier or ceiling about its not less than 2.75
mefres.

[4) Cormder leading to stair case communicating with exit-not less than 1.5

Metris width
(5] Gradients and Inclined planes tnstead of sleps but not steeper than Lin 10.

8.6.5. Door — (para 60)
{1) Dutside doors for the use of public — to open outwards,
{2) Size doorways not tess than 2225 M by 1.5 M (clear width),

{3 Mo door shall open out directly on to a flisht of steps — Landing
atleast 1.5 M flush with the door.
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8.6.6. Staircases — (para 61)

(1) 1) Treads not less than 27.5 cm
(i} Risers not more than 15 cm
(i} Flhights not more thon 15 or less than 3 steps

[2) Enclosed stelrcases-sirang hand rails about 7.5 cm clear from wall,
(3} Ar least e stalrcases each nol bess than 1,25 mutre wide.

[4) Stairs turning at an angle to have proper landing without window:

8.6.7. Passages — 1 metre width for every ten rows of seating
accommaodation,

8.6.8. Exit — (para 62) 1.5 linear metre of exit for 45 sq.metres of
sitting space inside. =

8.6.9. Seating accommaodation — {para 63)

(1] Gangwsys-to be not less than 1.25 mwidth and no seat to be mare than
10 seats from a gangway.

{Z) Angle of Bevation substended at the eve of person seated in the row
riearest 1o the screen by the length of the vertical line dropped from the
cenire of the lop edge of the piclure to the horizontal plane passing
through the observer’s eve. shall not exceeds 35 degrees, the height 1o the
eye of the persan so seated being 110 M above floor level

(3} Angle between the vertical plane containing the upper edge of the pleture
and the vertical plan containing the cheerver's eye and the remone end of
thiz upper edae of the picture-to be nol kess than 25° degres.

8.6.10. Capacity — (para 83)

(1) The No, of persons admittad infc any part of auditorium at the ratio of 20
persons for 10 sq.metres of floor area for portions with chairs having backs
and arms. For other portions-25 persons per 10 sq metre excluding
enfrances, passades and gang ways

8.6.11. Seating arrangements — (para 84)

Chairs: Intervening space of at least 36 em between back of one seat and the
frant of the seat immediately bahind measured between perpendiculars.

8.7. CONSTRUCTION JOINTS

8.7.1. Contraction Joints

Contraction jolnts ane provided to prevent random cracking developingin a
concrete stnicture owing to shrinkage stresses. The bond between the adiacent
sections s broken by painting with a bituminous compound or inserting a
waterproal paper on the first face before laying the next section. In the case of
water-retaining structures, water bars may be provided | Figure.) It may be
provided as o panial contraction joint if & continuity Is provided by the
rainforcement running through the joint or by providing planesof weakness by
forming & groowe for one-third to one-fifth of the thickness of the nember
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/,.F V.C water bar

- :{ -

Contradion joint [Tark bottorn slabl

8.7.2. Expansion Joints

In sthructures where one or two dimenglons are more than 20 m, wpansion
jeints are prodded to accommodale movements due to thermal effecs. Gape
are formed &t predetermined intervals by setting tcompressive materlal sysine
the {ace of one section belfore laying the next The joint filler must be durable
and non-extruding when compressed and of sufficiunt rigidiy for handling,
Bituren with minerzl, a filler like sand, & cork strip, etc. usualy serves wall as 2
|t Wer. The joint filley leh in the member should be duly protected by o
scaling compound af the top ageinst intrusion ol water or foreign materals

Joint filler
Insulation layer

G| sheet
popar watetr tar

Expansion joint |[Roof slab)

Though contraction can &lso be absorbed by these jolnis, thair spacing usually
is not suffident, & scommeon length between the expanslon joints in & building is
abeat 30 1, sufficent reinfomament being used in-between to control omcking.
Movemen! joints in bubldings completaly separating the structure fom 1wy tu
hotiom are known as vertical joints. These joints should be watemprool and
praferably made by means of & double colums and doubly Beam
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8.7.3. Sliding Joints

Where variation in lemperature, moisture mowement or loading resulls in 2
tendency for one part of & structure to move 1 a plane at right angles to the
plane of anather, it is necessary o prowide a sip joint between the wo pats
enabing freedom of movement in both planes. The movement occurmng in a
roof slab, resting over walls, |s & typical sxample. The sliding joints ane usually
formed by appliing 2 layer of bluminoas material over one of the surfaces
plastered smoothly or setting & layer of waterproof paper before the cther padt
is Inid. Ocoasionally, a jolrit filer may also be used at the erd face o accommeodak
expansion

. (e 1 Siiding surface
S = Uil Joint sezler
Plastaring T |
4 kraft paper ——\——
fa) )
Sl fotaf:

& Shiding expaniion joini (Floor shb)
W StFing jekini [Tank)

£.8. Flush Doors

The presont tend i buikdngs k& for plain surces, devoid of decorative
moyiding which will collect dust. Hence., flush doors are surfaced with sheets of
plywood ar hawdbaard and fised to sither a skeleton frame or a solid core:

8.8.1. Skeleton core flush doors

A core of small section timbers s constructed as [[wstrated in Fgure, The
rraln members of this gructurl core are the stiles, Jop, bollum and imddie rall
all of which are 3 % 8 om. Inkermediate rais of smaller section are used & a
rigd base for the phaweod facings which are glued to the frame. The mambers
ol the sheleton core em be jointed with torgues cat on the ands of the rails
and glued into groovesin the stiles. A continuous groove ks cul In the stiles into
which the tongues on the stles are glued and e thtermediate ik are
siniilarhy jolnled 1o the stiles.

Plwood as 2 facing for doors ls ueually three ply, 6.5 mm thick. lor external
doors and b mm for intemal doors. Pleweod with lace plies of some decorative
hard wood Is made so that the ply boards can be polishied orvamished to show
the colour and giatn of the wood “This class of plywood is used for facing the
mone expensive fush doors, The whole plywood s used for each face of flush
doars. The phuenod s stongly glued under peessure to the skeleton core.
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All mambars of skaleton core
are 30 em thick for intemal
and 35 cm thick for external doors

8.0 cm wide
stile

B.0cm deep
middie rail

8.0 cm wide
stila

20 em deep inter-
madinte rails

Skeleton come flush door

8.8.2. Solid core flush doors

Phawnod facing bonded to @ skeleton core do not always remain abselutely flad
and waves on their surfaces may be apparent particulariy if doors with skeleton
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cores do not completely exclide sound. Figure shows the canstruction of a
flush door with a solid core of 25 mm wide strips of timber solidly glued
together with two-ply facings on both sides. |n effect, the door is a fibre
plavood buard with 2 central core of solid strips. Two-ply facings can be used
here, as the solid core acts as the centre lor care} ply in restraining any
shrinkage in the plies glued to it This type of ply board & sometimes calied
black board because of the centre core af blocks of timber. An alternatve
arrangement of the strips of imber in the solid core of this tvpe of door 15
sketched in Fig. This arrangement of the core strips produces a righl door
which will not twist or lose shape. Providing the strips of woud used in & salid
core are well seasoned, straight of grain
and firmly glued together, their arrange
ment, vertically or horizontally or both will
not change the strength and daidity of the
doar,

Flyweod facing

Flush doors are also made with a core of
wood shavinge glued together to which
three-ply facings are glued. These doors

i ical
are neither true solid core flush doore nor =— Vertical edges

lippead

sheleton core flush doors. The surface of i

these doors remains truly flat These doors b Solid Cdre of

are cestlier than skeleton frame flush doors, 4.0cm wide
=trips tongued

8.8.3. Fire-check flush doors i rails and

glued together
These doors are able 1o resist the spread

of fire for perlods of half-to-one hour
depending upan the buildings. These doars
are consiructed with a skeleton eore to
which four sheets 6f 9.5 mim thick plaster
board are fied o rebates in stlles and

plle- Plywood facing cut
away fo show
solld cofe

N

04 % 28 Top rail

P 4
Rebatas for
plaster Board L84 38
e Stila
H-—d45 % 18
e ITilErmEdiate raii
v 1632 38 Middle rail
il Piywood
45 ™facing cutaway
finished I show
thickness e 7 Plaster board
protective Infilling
and skelzton core
for door to give
J 1/ 2 hour protection

Fire check flush door — phywood faced
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ralle and over which the plwood facings are glued Plaster board & ficed
behind the phwood [acings because it has good resistance to damage by fire, It
is miade up of & core of gypsum plaster which has been cast batween sheets of
thick paper. The flush doors, which are constructed 10 ghve about an hour's
protection against fire, have a skeleton core and plaster board protection in
filling, with sheets of asbestos wall board helow the plywood facings.

8.9. CASEMENT WINDOWS

Windows are usually designed to allaw natuial light into buildings, Windows also
serve to veniilale rooms. Thearea of the windows must be equal to one-tenth of
the area of the fioor. The manner, in which a part, or the whole of a window is
amanged 1o open, affects its construction and appearance. The common ways
in which a part or the whole of 2 window is made 1o open are with

a side-hinged casements,

b.  piveted sashes,

c  vertically sliding sashes, and

d.  horzontally sliding sashes

Figure illustrates the above types of windows:

The casement window consists of a square or rectangular window frame of
wood or metal, with a casement hinged at one side to the frame fo apen out:
Casement is the side-hinged opening part of the window and consists of glass
surrounded and supported by wood or metal. Figure llustrates the casement
window.

An outward opening casement can more readily be made 1o exelude rain and
wind Hente the casement which ls hinged to open out Is resiricted to
60 cm width to reduce the dead weight on the hinges. A window with twa
casements can be designed with the casemants hined on both sides. The
disadvantage ol this amangement i= that due to expansion or sinking, or bath,
the casements may In time jam together and be difficult 1o open. The window
frames are construcied with vertical wood or stee] members, called mullions
on to which the casemani closes Casemennt windows are designed with
ventlights {small openings nbove the casements) Ventlights are usually
hinged at the top to open oul. The window frame is constructed with a
horizontal member called & "transion” on o' which venilights and casements

Figure lllustrates a window with casements and vendights. ,

Casament windows ventlights are designed so that the transom is above the
average aye level of the people using the room.

8.9.1 DEADLIGHTS

Many casement windows are constructed 9o that only a part of them can ba
openad. That part of the window which I permanently fixed iz called a
deadlight
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Most casement windows used in modem buildings are of standard steel,
aluminlum or wood sections made up in various standard amangements of

casemants, ventlights and deadlights. In casement windows the moving parts,
hinges, are simple and unlikely to fail. The disadvantage of a casement

windowis that the casements and ventlights and mullion and transoms reduce
possible unobstructed area of glass,

8.9.2. STANDARD STEEL CASEMENTS

These windows are made from a standard section of mild steel, which is used
for the frame, casements and ventlights, The standard section is roughly
Z-shaped, Lengths of this section of mild steel are cut, trimmed and welded
together to from a range of standard sized windows.

By adopting the standard section for making frames, casements and
ventlights and the standard mullion and transom sections, wide range of

standard window sizes can be made.

Pival h"‘ﬂi
Hinges
1 Za
Casemant Pivoted sash windows
window Horizontally hung — Vertically hung

Pivot

Pivot .
aish window

Fig. Types of window {s==n from inside)



Casoment bingos :
at side to open o

Cagaman! window
Venilight open

Casement window wilh vantlighta
}n— 20 —u-I

Tomg—=

o -_—
1]
L— 20 —‘4
Section of stancard matal window
tor frama casement and ventlight

Figure lustrstes a range of standard steel windows.

Braitcdimgs
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A rubber strip is fitted 1o the sash 1o reduce alr infilration and beat loss. These
Mndmmdu‘gﬂhdammmmhrmyg[mrmlnmmh

the dass being secured with meta| heads.
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IX. STRUCTURAL
ENGINEERING

There are various methods of designe. Since the Limit state Method s now
found latest. the same 15 given for RC.C. members.
9.1 LIMIT STATE DESIGN

The philosophy of Limit State Design was developed mainly by the Comite
European du Beton (CEB) and the Federation Intemationale de o Precontraints
(FIP) andis. gaining Intermational acceptonce A stnueture must be desigried (o
sustaln safely all the oads and deformations which may occur during construction
and In use and should have adequate durability during the Ife of the structure.
Il mist slso aim ot gusranteeing adequane siufeny sgainst the structure being
rendered unfit for use. When a structure or part of a structure. is randered urnds
for use, it Is sald 1o have reached a Limit State Le. the strycture has cessed o
fulfil the function or sansty the condition for which it was designed There are
two categories of Limit States

9.1.1. Limit State of Collapse:

L]
Limit State of Collopse Is said to be reacked when the smuchure [or part of i}

coliapses. Collapse may arise from the rupture of one or more critical sections,
from the transformation of the structure nto @ mechanism, from elastic or
in elastic Instability or from loss of equilibrium as a rigid body and so on.

9.1.2. The serviceability Limit States:
The serviceability Limit States are those of excessive deflection wirth respect to
noemiasl use of strischire, premature o excessive cracking undesirable damage

{comrosion), excessive displacement without loss of equilibrium and excessive
vibration etc.

Follwlng are some of the special features of this method:

(il It is possible to take into sccount number of limit states depending upon
the particular Instance. Some of the criterla Jur the ultimate Limit State
are: {a) PBearing failure 3t & support o under & concentrated laad

(b} Bond or anchorage failure of reinforcement,
{c} Bursting of prestressed eoncrete end blocks
[d} Elsstic instabilin.

le} Failure of cannections

) Flexuzal failure

g} General nstahility

(h) Shear Failure.

(1] Toesion Failure,
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(i) Tiflerent safety factors can be applied 1o diferent limll states which are
more rational than applving one cominon load factor as in the ultimate
load method. For example, structural collapses often have serious
consequences, Therefore In desian the probability of reaching the collapse
limit state {5 made wvery low, say 10”7 * Since the loss resulting from
unserviceabiliny is generally ruch lass than that from collapse a probability
much higher than 10 %, of reaching & serviceabiliy limit state may still be
acceptoble.

(i} Am new knowledae of the structural behaviewr, loading and materiale can
be readily Incomporated.

Limit State Design philusophy uses the concept of probability and s based
w1 the application of the methods of stitlsics to the variations thet occur
in practice in the losds acting on the structure o In the strength of the
materials [t s assumed that the nonnal or Gaussian distdiartion represents
the nature of these varations sulllcientiy dosely for practical purposes,
Aecordmg to this distribution thal although the probability of the cocurrence
of #n exceptionally high or low value is very smal it s never zero, This
maans {han a imit state may be reached in a structure when an exceptionally
hiah load or force necurs it & pomt where the strength is abnormally low
Hamnce the probability of o particular limit state (such gs the one mentloned.
above) reaching during the life ol the structure can be kept below any
flgure chosen but cal never be zero. Hlowever according to limit gate
philosophy, a strecture may be regarded sy well desiyned if it can be
shown that {lw probabilites of cach limit state being reached is about the
same for all e members in the stricture and s appropriate to that limit
state, the probakilities being such the cost = a minimun: It should be
realised that much of the dota needed for the calculanon of the probabilides
is not avallable

9.1.3, Characteristic Strengths & Loads:

The materisls used in any structure may vctually bave o strenyth lesser than
the design walues doe to the varisbility of matedals and the lnads o be
suppaortied by the seuciure may be greater than the anticipated. These variatinns
in the strenipth of materials and the loads to be supported are taken cire of by
Lisifg thelr "Characieristic valuss™. For example he chiracteristie strength of
concrate of steel ' s defined as

| — T — K5 whene i~ mean strength

K — o vialiewhich depands upon tha
probability of the actual strengih
exceeding tha chaactanitic strength

S = Samdard deviation
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IS 456 — 78 (as well as Brtish Code CP 110) defines the characteristic
strength of concrete as that 28 day cube strength below which net mare than 5
percent of the test results may be expected to fall. The characieristic strangths
of concrete are given in Table-2, with modifications regarding increase in
strenath with age. For reinforcing steel und prostressing wire the relevant LS
Specitications hiave 1o be madified o incude the concepr of charoctersne
strength and till such thme, the charackenstic value shall be assumed as the
mintmum yield/ (L2 percent prooi stress specllied in the relevant LS,
Specificalinns

Similarly the churacteristic load, I s delirued ay

F— Fmy + KS wherm

Fmm  — themean of the highest peak loads ol a numibser af similar stroetures
thist aceur durirg the life time of (he sirciures

5 — Standird deviation

K& - a coefficient depending on the probabilitg of the maximum [oad,

exceading the charsctaristic loisd.

According w the Inchian Standard Code ef aractice characterdsiie load I s the
mean strenath plus 1,64 times the standael deviation Le thot value of Joad
which has o 95 percent probability af nol being exceaded durdng the life ol the
structure. However, because of lack of stotistical data, it [ not wet possible o
express loads in statistical termis and hence dead lnsds worked out on the basis
ef 15 14911 — 1967, lve-and wind loads gen in 15 - 875 - 1964 and
seignie forees given In 15 — 18U — 1975 are assumesd oy the characteristic
Iohds

9.1.4, Partial Safety Factors:

fn fimit state design, the load acrally used for each limit state is called the
DESIGN LOAD Fd for the limit state and s giver by

Fd=F yi

F = characterishc load,

yi  — portial Safety Factor appropriate to the nature of loading and the
llmit state being considered,

The partial safety factor is intunded 1w cover those variations In losding, in
design or in construction which are likely to ocour after the designer and the
eonstructor have each used carefully their skill and knowledge. (Eg. Effect of
creep, shrinkege and temperature introduces extra loads) [t also takes tnto
account the nenre of the limit state-in question. In this respect there & an
element uf judgement and expenience related to the relathw values a commurnity
places gn homan Tife, permanant injury and property damage with possible
ircroate in infisl imestmeit

Thevalues of | are given in Table 12 0f 15456 — 78,
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9.1.5. Values of Partial Safety Factors:

Load Combination Limiit State  Serviceabillty
of Callapse Limit State

15, 456-CP 11015 456/ CP 110
I, Dead & Live {Imposed) Load:

vl for dead load GK L& 14 1.0
¥l for Live {imposed ) Load QK 15 16 14
I, Dead & Wind Load:
¥l for dead load GK L5 14 10
ot oy
gy oe!
yllor wind load WK L5 14 1.0
Il Dead Load, Live (Imposed) Laad and
Wind Load
yf for dead load GK 1.2 12 1.0
vt for live (imposed) Load QK 12 12 0.8
vy for wind load WK 1.2 12 R3]

"Use 0.9 when the dead load contributes to the stability andl 1.5/ 1.4 when the
dead load assists the overturning of the structure.

Similarly the design strength, fd for & given matetial and limir state Is given by

Id——r

Tﬂ!
i = Characteristic strength of matarial

ym — Partial safety faclor appropriate to the material and the Umit siate
belng considered

The factor ym takes into account the possible différences between the
strength of the materials In the actual structure and the strengths derfved from
tests. These differences may be due to the variability of the materials as a resylt
of their method of manufacture or as a result of the degree of compaction
helng not the same os in samples.

9.1.6. Partial Safety Factory ym for material strength

Material  Limit state of Collapse Serviceabllity Deflection  State Cracking
IS 456 —CP. 110 1S456 —~ CP. 110 |S456 —CP. 110

Cancrete L5 15 : 10 - 13

Steal: 115 L15 i 10 L0

(*when assessing the deflection, the material properties such as maodulus of

eiasticity should be taken as those associated with the characteristic strength
of the material)
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9.1.7. General Design Procedure:

. In the design of structures all relevant bmil states are In be considered to
emsure the safety and serviceabilite. Usually the structure is designed for the
lienik state of collapse which ls the most ertcal one and then ghecked that the
serviceability lmit stafes are not reached. To stan with the design Joads for the
limit state of collapse Is ohisined by adopting the partial salety factors given in
Table - 12 of 15-456 jor the various lead combinationys amd choosing, the most
eritical case. The sections are then designed to canform o the specifications
lalel down in section 5 of 15, 456 T8. The deslgn strength of concrete and steel
ter be nsed are ghven by thetr characreristic values divided by the partial safuty
factors, applicable to kmit state of cullapse. The section thus designed, Is then
checked for the various serviceability limit states. The parmial safety factors to be
used fur obtaining the design load anc sirength will be differgnt and will
eomvespond to the limit state under consideration. Gesierally deflection and
cracking amt considered 1o be the wo most imporant serviceabiling limit states,

9.1.8. Limit State Requirements:

Limit State of Collapse - The lmit state of collapse of the structire could be
assessed from rupture of one or mone critical sections and from huckling due
to-elastic or plastic ingiability or overturning. The resisionce to bending, shear,
tarsion snd axial loads at every section shall not be less than the appropriate
value at that section producad by the probable most unlaveurable comblnation
of loads on structure using the appropriate partial safety factars.

9.1.9. Limit State of Deflection:

Deflections may be calculated {according 1o Appendix B of 1S 456-1978) and

shall not exceed the permissible values given below,

til The final deflection due to all loads including the effects of emperature,
¢reep and shrinkage and measured ‘rom the as cast level of the supports
ol fioors, roofs and all other hotlzontal members, should not normally
exceed span/ 250

{8 The deflection including the effects of temperature; creep and shrinkage
occurming after erection of paritions and the application of finishes should
not normally exceed spon/ 350 or 20 mm whichever s less

Int normal cases, however, the deflection of & beam will not be excessive Il the

ratio of is span to s elfective depth Is not greater than the appropriale ratia

obtained from Tables 1 & 2 or the modified Tobles 3 & 4 where appropriate

Table — 1

The basic span/ effective depth rerios jor recengular beams are gven below,
These amne based on lmiting the deflection to span/250. and this should
normally aveld damaae to finlshes and partitions for beams of upto 10 metre

span,
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Basic Span/effective depth ratios fo rectangular beams:

Supportcanidificns Ralig

Cantllever: T

Simply Supporied: 20

Canilruois - 26
Table — 2

To-avoid damage (o finishes or partitions In spans greater than 10 metre, the
deflection is further sestricted and & given bulow:

Spuglal span/ eflective depth ratios for rectanguiar bens:

Span inmetre  Cantllever Sirmply supporied Confinstius

10 20.00 26

12 Vehew E x 20 = 16667 21,666

11 b tuntified :g < 20 = 14.285 1857

16 e colcistation E ¥ 20 = 12500 16.250
0 h

1= IEAZ{T 11 14444
10 -

20 EEI 20— 1000 130080

Defleciion is influenced by the amoust of tension reinforcument and the type
of stee] and thereiore the span/effective depth ratios should be modified
acconding to the area il [he tension rdnforcemant provided, Values of Table |
& 2 should therefore be multiplied by the appropriace factor abtalned from
Tahle 3,

Tabke — 3
Modification Factor for Tension Reinforcement
{Taker from Fio. 3 of IS 456]
Tvpeol 100 As/bd
steel ~

(25 UhH 076 100 150 200 250 300

Miled Steel: 200 190 157 142 129 L2 1be 102
Fedls 150 118 thd 0497 089 084 080 075
Fe500 126 10O 09 OB 080 076 072 070

Compression tutnforcemint also infloences deflection and the velie of the
span eifective dapth ratlo cbiained from Table 1 or 2 modified by the factor
oilfalred from Table-3 may be muliphied by & lunthe factor ehtained from
Table-d
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Table — 4
Modification Factor for Compression Reinforcement
(Taken from Fig. 4 of IS 456 ~ 1978)

mng 025 050 075 100 150 200 300

Factor: 107 1314 120 125 133 140 150

9.1.10. Span to effective depth ratio for a Flanged Beam:

For a flanged beam, the span/effective depth ratio may be determined as
above, and further modified by a reduction factor as given below, Calculation
of percentage of reinforcement should be based on area of section equal te
bid where bi = effective flange width.

Rafio of web width Reduction
1o flange widih Factor
=

03 Ny

04 {1.892857
05 0.85714
.4 (188571
it .91428
08 (194285
ng Nu7142
10 14

9.1.11. Limit State of Cracking:

In general the reinforcement spacing rules given In LS 456 — 78 will be
sufficient to control lexural cracking, Cracks due to bending In a compression
member subjected to a design adal load greater than D2 fo) Ac where fek &6
the characterstic compressive strength of concrete and Ac is the srga af the
gross section of the member, need nol be checked A member subjected to
lesser load than 0.2 foeAc may be considered 2< a flexural member for the
purpose of crack confrol

Cracking of concrete should not adversely affect the appearance or durabiliy
ol thie structure. The enginesr must satisfy himself that any evacking will not he
excesswe. hawing regan to the requirernents of the parficular strucaire. According
to CEB FIP clsssificasion concrete siructures have been classifled s cliss 1. 2,
4 and 4 shructures. Class | and 2 come under fully prestressied sinrctuces. In
clags 1 no iensile stresses are allowed where as in d 2. tensile stresses s
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allowed but cracking & not pammitied class 3 belgngs to the class of partially
prestressed structures In which both prestressing tendon and crdinary
reinforcements are esed. Herce cracking Is penmitted to a certain extent. Non
prestressed struchures with ordinary reinforcement are clossified & class 4
struclures. RCC comes under this classification,

9.1.12. Recommendations of CP 110: .

The surface width of erachk in RCCIC), 4) stuctures should not, In geseral
excead 0.3 mm. Where members are exposed to particularly aggressive
einvironments, the asessed surface widih of cracks atpolints nearest the malin
reinforcement should not, in general, exceed 0.004 times the nominal cover 1o
the main reinforcemant. Tt should be recognized thatin a reinforced concrete
structure, under the effecs of load and environment, the actudl widihs of
cracks will vary between wide limits, and (he prediction of an absolute magmum
width is not possible. The possibility of some cracks being wider than the sbowe
rrust he acropted unless special precsutions are aken

For presiressed congate — ¢l 3 strustures the surface width of crecks should
rot exceed U1 ren for mambers exposed to a particularly agaressivie enviranitet
and should not exceed 0.2 mm for al other members

9.1.13. Development of Stress In Reinforcememt

The caleulated tension or comprestion in any bar at any section shall be

developed on each ude of the section by an appropriste development length
or end anchorage or by a combination thereof,

9.1.13.1. Devalopment Length of Bars
The davelopment length Ld is given by
Li= 2™

4 e
where

¢ = nominal diameter of the bar,
i = siress in bar at the section considered at deslyn load, and
yoi = design bund stress.

Mate 1 — The development lenath includes anchorge values ol hooksin
tension reinforcement.

Note 2 — For bars of sections other than circular, the development length
thould be sufficient o develop the spess in the bar by bond.



9.1.14. Limit State of Collapse for flexure

The Indian Standard code of practice for plain and reinforced concrete
{15456 -~ 1978} suggests thal the masimum strain in concrete at the outenmost
compression fibre be taken as 0.0035 in bending The stress strain curve for
concrete is assumed as gven in Fig. 20 of 15 code. For design purposus, the
compressive strength of concrete in the structure shall be assumed as .67
tirnes the characteristic strength. Partial safety (actor of 1.50 is to be applied in
addition to this. The rraximim stress i thus 0446 [}, apd & consiant beyond
= smain of Q0020 (mspective of the grade of conoete. The ares of the stress
block comes jo 036 1o, x; acting af a depih of 0416 xy from the exireme
fitwe in compression,

The stress in the reinforcemnent is derived from representative stress-strain
curve fur the type of steel used. Typical curve are given in LS. 456 (Fig. No. 22)
For design purposes, the partial safety factor of 1,15 shall be applied

In order to ensure ductile failure ie. 10 ensure that the tensile reinforcement
undergoes a cerlaln degree of inelastic deformation before the concrete falls in
compression, the misdmum sirain of the tension reinforcement In the section

at failure & not to be less ﬂ"J'i'rrl--l!';a E: 0,002 where ly is the characteristic
 strength of steel and Es is the modulus of elasticity of stoel

The limiting values of the depth af neutral axis for different grode of steel

pccarding to the code are gvenby  0.0035 P
0.0055 + 0,87 f

E
Limiting values of % thus obtained are given in the followlng table.

Table - 5
Vahues of "i‘;‘;' for varions grades of stezl

fy. N/mm® 250 415 500

Nammes

5 (531 0479 0456




Xy o Engineen Guide

9.1.15. General Guide Line

The following notes ore given for general guidance in regard to design of
R.C.C. members.

1) The Limit state design can be made only by relering tables and charts
glven in ‘Design Alds for R.C. to 1.5. 456 - 1978". Therefore it isinevitable
to have a copy of the same to proceed with the Limit state design. Sallent
examples are also worked out in Its respective chapters. Cost of the book s
Rs.100/- and it was published by Indian Standards Institution, New Delhi - 2,
Coples can be had from its branches.

2} Another ready reference book ‘Design of Concrete Members with
Ribbed - Tor Steel' of Er. R. Chandra, B Tech. (Hons), M.Sc. (Engg),
C.Eng., AMI Struct, E, publishec by Torsteel Research Foundation In India,
25, Cresent Road, Bangalore — 560 001. This book glves details of reinforce-
mentstraight, once the design control moments are known. Thisbookisbased
on Ultimate strength design. This will be very useful Book for Enginears In
execution, who can't afford much time in working out detailed design
calculation. its presentcostis Rs.15/- [teovers R.C.C. Slabs, Beams, Columns
with. ioundation etc._ in respect of Buildings.

9.2. LIMIT STATE DESIGNS

9._2.1. Assumptions

The basic assumptions in the desian of flexural members for the limit state of
collapse are given below:

a) Plane sections normal to the awls of the member remain plane after
bending. This means that the strain at any point on the cross saction s
directly proportional to the distance from the nautral axis.
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b) The maximum strain in concrete at the outermost compression fibre
is 0.003 5.

¢] The design stress-straln relationship for concrete |s talen as indicated in
Fg. 1.
d} The tensile strength of concrete is ignored

e) The design stresses |n reinforcement are derived fram the strains using
the stress-strain relationships given in Fig. 2 and 3.

f) The strain in the tenson reinforcement |8 10 be niot less than

0878 . o002,

E

This assumption is intended to ensure ductile lallure, that is, the tensile
reinforcement has to undergo a certain degree of inelastic deformation before
the concrete falls in comporession.

{For charts and tables referred to, see the Design aids for RCC to
15456 — 1978)

Assumptions (b)and (I} govern the maximum depth of neutral aods in flexural
membirs. The strain distribution across 2 member corresponding to those
limiting conditions is shown in Fig 2.1, The maximum depth of neutral axls
Xumss & obtained directly from the strain diagram by considering similar
triangles

Kuseas . 0003 5
d (0.005 5 + 0.87 jy/Es)

Thevalugs of ™™ for three grades of
d

reinforcing steel are given in Table B.
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Xusmax
TABLE B VALUES OF d FOR

DIFFERENT GRADES OF STEEL
(Clause 2.2)
fu N/ mm? 250 415 500
s 0531 0479 0456
d
9.2.3. Rectangular Sections

The compressive stress block for concrete Is represented by the design
stress-strain curve as in Fig. It is seen from this stress block (see Fig.9.1) that
the centroid of compressive force Ina rectangular section lies at a distance of
0416 xs {which has been rounded off to 042 xu in the code) from the
extreme compression fibre; and the total force of compression is 0.36
Jei bxu The lever amm, that is, the distance between the centroid of
compressive force and centroid of tensile force is equal to ([d — 0416 x).
Hence the upper limit for the momant of resistance of a singly reinforced
reclangular section is given by the following equation.

Maten = 0.36 fei biuman X (d — 0,416 xuwmaa)

Substitufing for xumas from Table B and transposing fa bd®, we get the
values of the imiting moment of resistance factors for singly reinforced
reactangular beams and slabs, These values are givan in Table C. The tensile
reinforcement percentage, puim comresponding to the limiting moment of
resistance is obtained by equating the forces of tension and compression.

puim bd (0.87 £}
100

= (.36 fo bixiumas

Substituting for xum=x from Table B, we get the values of pss fi/fod a3 given
in Table C
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Fig. 9.1, Singly Reinforced Section

TABLEC LIMITING MOMENT OF RESISTANCE AND REINFORCEMENT
INDEX FOR SINGLY REINFORCED RECTANGULAR SECTIONS

(Clause 2.3)

Ju. Nfmm? 250 415 8500
Mow:. 0.149 0.138 0.133
fu bel?

Paab 2197 19.82 18.87
Jek

The values of the limiting moment of resistance factor Ma/bd* for ditferent
grades of concrete’ and steel are given in Table D. The corresponding
percentages of reinfarcements are given in Table E_These are the maximum
permissible percentages for singly reinforced sections.

TABLE [ LIMITING MOIMENT OF RESISTANCE FACTOR Muim/bd®,
N/mm® FOR SINGLY REINFORCED RECTANGULAR SECTIONS

(Clause 2.3)

Joh. y, Nfeam®
N/mm?®

250 #15 500
15 224 207 2.00
20 L 276 266
25 373 345 333

30 4.47 414 3.99
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TABLE E MAXIMUM PERCENTAGE OF TENSILE REINFORCEMENT
Fism FOR SINGLY REINFORCED RECTANGULAR SECTIONS

{Clause 2.3)

fox . Nfmm®
M/mm*

250 415 OO0
15 1.32 072 0.57
20 1.76 0.96 0.76
25 2.20 119 0594
30 264 1.43 1.13

9.2.3.1. Under-Reinforced Sections

Under-reinforced section means a singly minforced section with reinforce-

ment percentage not exceeding the appropriste value given in Table E,
For such sections, the depth of neulral axis xe will be smaller than i
The strain In steel at the limit state of collapse will, therefore, be more than

0.87 fy

Es

The depth of neutral axis is obtained by equating the forces of tension and
comprassicon.

+ 0.002 and, the design stress in steel will be 0.87 [,

P 0875 =086 Fabx
100

A= ( Pt ) 0874
d 100 7 036f

The moment of reslstance of the section is equal to the product of the tensile
force and the level arm.

Mo PO 875 d— 0416 )
100

- 0874 (ﬂ}(l—ﬂ.dlﬁ ’:de!‘
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Substituting for ** we get

dl

M.=087H (7 _ = f
(lm)x(i 1.005 ;Tl:;u_ ) )b

For determining the area of Steel this equation is useful But the solution of
this equation takes time and hence charts and rables have been proposed to
save designer's time.

9.2.3.1.1. Charts 1 to 18 have been prepared by assigning different values to
M. /b and plotting d versus pi. The moment values in the charfs are in units of
kN.m per metre width. Charts are given for three grades of steel and two
grades of concrete. namely M 15 and M 20, which are most commaonly used
for flaxural members. Tables 1 to 4 covera wider range, that s, five values of fy
and four grades of concrete up to M 30, In these tables, the values of
percentage of relnforcement pr have been tabulated against My /bd®

9.2.3.1.2. The moment of resistance of slabs, with bars of différent diametres
and spacings are given in Tables 5 to 44, Tables are given for concrete grades
M 15and M 20, with two grades of steel. Ten different thicknesses ranging
from 10.¢m 1o 25 cm, are included. These tables take Into account 25.5.2.2 of
the Cade, that is, the maximum bar diameter does not exceed one-eighth the
thickness of the slab. Clear cover for reinforcement has been tzken as 15 mm
or the bar diameter, whichever is greater [see 25.4.1(d) of the Code].
Inthese tables, the zerog at the top righthand corerindicate the region where
the rélnforcement percentage would exceed pom: and the zeros at the lower
left hand comer indicate the realon where the relnforcement Is less than the
minimum accarding to 25.5.2.1 of the Code.

Sinagly Reinforced Beam

Determine the main tension reinforcement required for a rectangular beam
sect:on with the following data:

Size of beam J0 X 60 em
Concrete mix M15
Characteristic strength of reinforcement 415 N/mm*
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* Factored moment 170 kN.m
Assuming 25 mm dia bars with 25 mm clear cover,

Effective depth = 60 — 2.5 — 2> = 56.25 am
2

From Tzable D, for fy = 415 N/mm?® and f = 15 N/mm’
Musm fbd® = 207 N/mm"

_ 207
1000

X (1000}

= 207 X 10* kN/m*

A Mutim = 207 X 1iFbd?

= 207%10% 20 ( 5"-'25.')'
100 ' 100
= 1965 kN.m

Actual moment of 170 kN.m 1s less than Mus=. The section s therelore to be
designed as a singly reinforced (under-reinforced) rectangular section.

Method of Heferring to Flexure Chan

For referring to Chart, we nzed the value of moment per metre width,

Mufb = 170 _ 567 kNm per metre width.
03

Referring to Chart 6, corresponding to "
M./b = 567 kN.m and d =56.25 cm,

Percentage of steel pr = 1004 _pg
bd

* The term fectored moment’ means the moment due to chamclenstic loads
multipled by the spprogrints vafue of partial satery factor 71
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nAc= 06bd _ 063025625 _ 10 o
100 100

Method of Referring of Tabies

For referting to Tables, we need the value of Ma
HE

e 170 % 10¢
bd* 30x5625x 56252 10¢

= 179 N/mm*

From Toble 1,
Parcentage of reinforcement, pr = 0.694

nde= 0994230x5625 _ 1002 ot

100

Slab
Determine the main reinforcement required for a slab with the following data;
Factored moment 960 kM.m permetre width
Depth of slab 10 an
Concrede mix M15
Characteristic strengh a) 415 N/mm”

of reinforcement b} 250 N/mm?*
Method of Referring to Tables for Siabe

Relerring to Todle ffor fy = 415 N/mm?), directly we get the following
weliforcement fora moment af resistance of 9.6 kN.m per metre width:

8 mm dia at 13 cm spacing
or 10 mm dia at 20 cm spacing

Reinforcement given in the tables ls.based on a cover of 15 mum ot bar
dizameter whichever |5 greater
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Method of Refeming to Flemure Chart
Assuming 10 mmdia bars with 15 mmcover

d=10 —15= 10 =8em
2

a} Forfy = 415 N/mm"
Erom Table D, Muim/bd? = 2.07 N/mm?

 Muge = 207 X 10*x 100 x(_ﬂ )’

100 100
= 1325 kN.m

Actual bending moment of 9.60 kN.m is less than the limiiing bending
moment. ‘

Raferring to Chart 4, reinforcement percentage, ;= 0475

Referring to Chart 20, provide
8 mm dis at*13 cm spacing

or 10 mm dia at 20 cm spacing.
Alternately,

A=0475%100% B _38.m! per metre widih.

From Table 96, we get the relnforcement as before,
b} For fy= 250 N/mm®
From Table D, Musm/bd* = 2.24 N/mm*
Muim = 224X10°X 1% 8 °
100
= 14 336 kN.m;

Actual bendingmoment of 9.6 kN.m s less than the imiting bendingmoment.
Reforring to Chart 1, reinforcement percantage, po= 0.78.
Relerring to Chart 90, provide 10 mm dia at 13 em =spacing

9.2.3. T-SECTIONS

The moment of resistance of a T-beam can be considered as the sum of the
moment of resistance of the concrele in the web of width bw and the
cantribution due to flanges of width by
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b T - 0.87 fy 40,002 087 &
= STRESS
STRAIN DIAGRAM
DIAGRAM
Fig. 9.2 T-Sectlon

The masximum moment of resistance is obtalned when the depth of neutral

axis is Xume. When the thickness of flange |s small, that |s, less than about

0.2 d, the stress i the flange will be uniform or nearly uniform (see Fig. 9.2)

and the centroid of the compressive force In the flange can be taken at Dy/2

fram the extreme compression fibre. Therefore, the lollowing expression is

Ei;(tahmﬂfmﬂw!mmng momentof resistance of T-beams with small values of
d

Mt = Mubmaet + 0.466 fix X (bi—bu) n(d —-_: )

whiere Mg web = 1136 fon bustumes (d—0815 xiuman)

The equation given in E-2.2 of the Code s the same as above, with the
numericals rounded off to two decimals. When the flange thickness is greater
than about 0.2 d, the above expression is not comect because the stress
distribution In the flange would not be uniform. The expression given in
E-221 of the Code is an approximation which makes allowance for the
variation of stress In the flange. This expression is obtained by substituting
for Diinthe equation of E-2.2 of the Code: yrbeing equalto {0.15 xamas + 0,65
Di) but not greater than Di. With this modification, '

Mt = Mutmmas + 0446 fib X (br—bulp (d— ’-2" J
Dividing bath sides by fx bw d®,

Y o Ml +D.446K(-h ~1) o

fabed®  fabed® be d 2d

where M =015 ®== 4065 D pu ¥ < B
d d d d d
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Using the above expression, the values of the moment of resistance factor
M T/fex bud® for different values of bi/bw and Di/d have been worked
out and given in Tables 57 to 59 for three grades of steel.

9.2.4. CONTROL OF DEFLECTION

9.24.1. The deflection of beams and slabs would generslly be within
permissible limitsif the ratic of span to effective depth of the member does not
exceed the values obiained In accordance with 22.2.1 of the Code.
The following basic values of span to effective depth are given :

Simply supported 20
Continuous 26
Cantilever 7

Further modifying factors are given in order to account for the effects of grade
and percentage of tension reinforcement and percentage of compression
reinforcement. g

Control of Deflection

Check whether the depth of the member in the following cases iz adequate
for controlling deflection:

a) Beam of Example 1, as a simply supported beam over a span of 7.5 m
b) Beam of Example 3, as a cantilever beam over a span of 4.0 m

¢) Slab of Example 2, as a continuous slab spanning in two directions the
shorter and longer spans being, 25 m and 3.5 m respectively. The
morment given in Example 2 corresponds to shorter span.

Span —y 15

- o) = 13.33
Effective depth (56.25/100)

a) Actual ratio of

Percentage of tension reinforcement required, pr=0.6

Referring to Chart 22, value of Max (S_Pan)
d

commesponding to pt = 0.6, Is 22.2
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Actual matio of span to effecive depth is less than the allowable value.
Hence the depth provided is adequate for controlling deflection.

b) Actual ratioof ___ SPSn - 4.0 = 7.11
Effective depth 56.25/100

Parcentage of tensile reinforcement, pr=1.117
Refering to Chart 22

mmueuf(s’%‘“) =210

For cantilevers, values read from the Chart are to be multiplied by 01,35,

< Max value of I/d for cantilever =21 0% 035 =7.35
2 The section Is satisfactory for contrel of deflection.

¢} Actual ratio of Span = 25 . a125
Effective depth 0.08

{for slabs spanning in two directions, the shorter of the two is to be considered)

I} Forfy =415 N/mm?*
p: =047
Referring to Chart 22,

Max ( 5‘:;“) =236

For continuous slabs the factor obtained from the Chart should be multiplied
by 13

- Max ( P8 ) for continuous slab = 23.6 x 1.3 = 30.68
d

Actual ratio of span to effective depth is shghtly greater than the allowable.
Therefore the section may be slightly modified or actual deflection calcu-
lations may be made 1o ascertain whether it is within permissible limits.
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il} Forfy =250 N/mm*
pe=078
Relering to Chart 21,

Max (51:“) -3138

-, For continuous slab, Max P20 — 31 34 1,3 =40.69
d

Actual ratio of span o effective depth is less than allowable value: Hance the
section provided is adequate for contralling deflection.

9.3. COMPRESSION MEMBERS

9.3.1. Axially Loaded Compression Members

All compression members are to be designed for 2 minimum eccentricily of
load in two prncipal directions, Clause 24.4 of the Code specifias the
following minimum eccentricity, @=in for the design of columns :

E‘-uh=_r_+ﬂ

500 30

, subject to-a minimum of 2 em.

where

I s the unsupporied length of the ¢olumn (see 24.1.3 of the Code for
definition of ynsupported length), and

[ isthe lateral dimension of the column in the direction under consideration.

After determining the eccentricity, the section should be designed for
comhined axial load and bending (see 3.2). However, as a simplification,
when the value of the minimum eccentricity caleulated asabove Is less than or
equal to 0.05D, 38.3 of the Code permits the design of short axdally loaded
compression members by the following equation :

Py =04 fa A + 0.67 fy Au

where

Pu ls the axial load (ultimate),
Ce |5 the area of concrets, and
A Is the area of reinforcement.
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The above equation can be written as

HFGAI&(A;— phs\ +067j, Pl
100 100

where
Aqls thagross area of crosssection, and p Is the percentage of reinforcement.

Dividing both sides by As

P wpafa (1— 2 )+0675 P
A 100 100

=04fa+ P (067 f—04f)
100

Charis 24 to 26 can be used for designing short columns in accordance with
the above equations. In the lower section of these charts, Pa/Aq has been
plotted against reinforcement percentage p lor different grades of concrete.
If the cross section of the column is known, Pa/As can be calculated and the
reinforcement percentage read from the chart. In the upper section of the
charts, Pu/Ay is plotted against Py for varicus values of Ag. The combined use
of the upper and lower sections would eliminate the need for any calculation.
This is particularly useful as an aid for deciding the sizes of columns at the
prefiminary design stage of multistoreyed bulldings.

Axdally Loaded Column

Mﬁmﬁm the cross section and the reinforcement required for an axially
loaded column with the following data |

Factored load 3000 kN
Concrete grade M20
Characteristic strength of reinforcement 415 N/mm®
Unsupported length of column 30m

The cross-sectional dimensions required will depend on the percentage
of reimforcement. Assuming 1.0 percent reinforcement and referring
to Chart 25,
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Required eross-sectional area of column,

&g = 2 700 em®
Provide a section of 60 x 45 em,

Aroa of reinforcement, As = 1.0 x E{I !E =27 ¢m?

100
We have tocheck whetherthe minimum eecentricltyto be considered is within
(.05 times the lateral dimensions of the column. In the direction of longer
dimenston.
Eiin = ...; + D
B0 an

30x10F 4 60 _06+20=26emon,
500 30 /D =2.6/60 = 0043

In the direction of the shorter dimension,

oo — SOxI0F o 45 _p6 41 5=2.1 cmor ey =2.1/45=0.047
500 30

The minimum eccentricity ratio 15 less than 0.05 in both directions. Hence the

design of the section by the simplified method of 38.3 of the Code is valid.

9.4. SHEAR AND TORSION

9.4.1. Design Shear Strength of Concrete

The demgn shear stréngth of concrete is given in Table 13 of the Code.
The values given in the Code are based on the following equation.
i - 0:B5 v uﬁf*' v i+§"—1|

G

whare
g =08 f5/6.89 p« but notless than 1.0, and pr = 100 As/Bud.

Tha value of y: cortesponding to pr vanying from 0.20 to 3.00 at intervals of
0.10are given in Table 61 for different grades of concrete.
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9.4.2, Nominal Shear Stress -
The nominal shear stress . is calculated by the following equation :
= W
Lid
bd
where
Vu is the shear force.

When yvexceeds y shear reinforcement should be provided lor carrying a
shear equalto Vi—ye bd. The shear stress yo should notin any case exceed the

values of yomee given in Table J. (I y) > yem, the section is o be redesigned.

Table. Maximum Shear Siress oo

Concrete Grade M15 M20 M25 M3I0 M35 M40

9.4.3. Shear Reinforcement

The design shear strength of verfical stirrups 18 given by the follouing
equation:

Vo = D87 find
B

where

A= isthetotalcross sectional area of the vertical legs of the stirupps, and
5 s the spocing (pitch) of the stirupps.

Thie shear strength expressed as Vii/d are given in Table 62 for diffsrent
diamaeters and spacings of stirrups, for lwo grades of steel. For a series of
inclined stirupps. the value of Vis/d for vertical stirrups should be muttiplied
by {sln &= + cos = ) where = is the angle between the Inclined stirrups and the
axis of themember. The multiplying factor works out to 1,41 and 1.37 for 45*
and 60" angles respectively.

For a bent upbar, V=087 fy Awsin=
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Values of Vi for different sizes of bars, bent up 8t 45° and 60° to the axis of the
member are given In Table 63 for two grades of steal.

9.4.4. Torslon

Separate Charts or Tables are not given for torsion. The method of design for
torsion ls based on the calculstion of an equivalent. shear force and an
equivalent bending moment. After determining these, some of the Chartsand
Tables for shear and flexure can be used. The method of design for torslon is
llustrated in Example 11

Shear

Determine the shear relnforcement (vertical stirrups) required for a beam-
section with the following data :

Beam slze 30 % 60 cm
Dapth of beam 60 cm
Concrete grade M15
Characteristic strength of stirmup reinforcement 250 N/mm®
Tensile reinforcement percentage 0.8

» Factored shear force, Vi 180 kN

Assuming 25 mm dia bars with 25 mm cover,

d=60— 29 _25=5625cm
2

Va o 180 ¢ 10° = 1.07 N/mm*

Shear stress, v =
bd 30x56.25x 10*

From Table J for M15, yezm = 2.5 N/mm® y Is less than yems
From Table 61, for B = 0.8, v = 0.55 N/mm?*

Shearcapacity of concrete section =yc bd = 0,55 x 30 x 56.25 x 107/1P =
928 kN.

Shear to be cared by stirrups, Ve = Ve —ybd = 180-92.8 = B7.2 kN

Ve _ 872 . 155KN/cm
d 56.25

Referring to Table 62, for steel f, = 250 N/mm®. Provide 8 mm diametertwo
legged vertical stimrups at 14 em spacing.
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X. WATER SUPPLY
ENGINEERING

1 i ol

10.1. DRINKING WATER STANDARDS.
10.1.1. Standards for Physical and Chemical Guality

Caise
Substanca or Property Acaptable for
Rejection™"
1 2 3
Physical Quallty
Turbidity {Units on J T Scole) 25 10
Caolour (Units en Platinum Cobalk scale] al 25
Taste and sdout Unobjectionable  Objecionabls
Chemical Quality
pH 1085 <6592
Total dissolved solids (ma/1) 500 1500
Total hardess (as CaCOs) (mg/l} 200 (V4]
Calcivm (s Cal {mg/1) 75 200
Magnesium [as Mg) (mg/1IT 30 150
Chbisrides las CI} (mg/1) 200 1000

*Flgures indlcated under the colurmn acceptable are the limits upto which the

water i generally accepiable to the consumers

" Figures In excess of those mentioned under acceptable limits render the
water not acceptable, but still oy be tolerated In the absence of allvrnative
and better source but upto the limits Indicated under colurmn “cause for
rejestion”, above which the supplvwill have to be rejected.

T N there are 250 mo/| of sulphates, Mg content can be inoeased toa
maxirinan of 125 mg/| with the reduction of sulphates at the raie of 1 unit
per every 2.5 units of sulphates
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| 2 3
Sulphates (ns 504 (mg/l) 2000 400
Iron (2s Fe) (ma/l 0l 1.0
Manganese (as Mn) {mg/l) (105 05
Copper [as Cu) {mg/1) 0.05 1.5
Zinc tas Zn) (ma/l 50 15.0
Phenolic Compounds 001 0002
(ms phenals) (mg/li
Anlonic detergents (as MHBAS) (my/l} (2 1.0
Flucrides (s F) (mg/1) 1.0 15
Miwrates [as Ny (my/1) 45 =5
Toxic Materials
Anenic {as As) (mg/l} 005 =005
Badum (as Ba) {mg/1} 100
Cadmiam (an Cd) (mg/1) 0,01 =0m
Chromium (as hexavalent Crl {ma/1) 0,05 =005
Cyanides (as CN) (mg/l} (.05 =406
Lead {as Pb) (mofl 01 =0
Mercury {total as Ha) (mg/1) 0001 =0,001
Selenium (ps Se) (mg/1) 001 005
Sihver (25 Ag) (ma/1) - 005
Poly nuclear Aromatic Hydrocarbon (PAH) 0.2 wg/1 =0 2ug/l
Radio activity: 1ug — 0001 mg
Ciross Alpha activity ApCifl  =3pCy|
Gruss Beta acivity WpCyi  =30pCY
{pC5 — pleo Curle)

$ It & possible that some mine and spring wolers muwy exceed these radio
aciivity limits and wn such cases It is necessany 1o analyse the indivdual radio
niiclides i order ko nssess the acceptability or atherwise for public consuin:

plon
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10.1.2. Standards for Bacteriological Quality

[i] Water entering the distribution system
Caoliform count in any sample of 100 ml should be zero. A sample of the
water entering the distribution sustemn that does not confinm to this standard
calls for an immediate investigation ino both the efficacy of the purification
process and the method of sampling,

(i) Water in the distribution system shall satishy all the three erfteria indicated
below:

E Colicount in 100 mi of any sermple should be dera.

Coliform orgarnisms not more than 100 per ml shall be presant n any
sample.

Coliform organisms’ should not be detectable in 100 ml of any twe
tonsacutive samples or more than B0 of the samples collected for the
e,

I coliform arganisms are found, resampling should be done The repeated
finding of 1 to H) caliform organisms in 1000 ml. or the appearance of
higher numbers in any sample should pecessitate the Investination and
removal of the source of pollution,

{iii} Individual or small community supplies.

E Coleount should be zern in any sample of 100 ml and coliform
organisms should not be more than 3 per 100 ml. (I repeated samples
chow the presence of coliform omanisms, steps should be laken (o
discover and remove the source of pollution. Il colifonn oceed 3 per
10 ml. the supply should be disinfected.)

10.1.3. Standards for Virological Quality

0.5 ma/l of free chlorine residual for one hitir b sufficlent to Inactivate vinis,
even in water that was originally pofluted. This Iree chlorine residual Is 10 be
insisted in all disinfected supplies in areas suspacted of endemicity of infectious
hepatifis to take core of the safety of the supply from virus point of view which
incidenally takes care of the salewy from the bactenological point of view &=
well, For other areas, (2 mg/1 of free chiorne residual for half an hour should
be ins=ted
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10.2. DESIGN CRITERIA

10.2. 1. Period of Design

lems

Design Period «

{Years)

2

Hemarks
3

L. Storage by dams

2. Infiltration works

3 Pumpsets
(il Al prime movers
except electrle motors

(i} Electric motors and: pumps
4. Water treatment units

b, Pipe connections to the sevaral
treatment units and ather srall
appurtenances

. Raw waier and cledr water
conveying malns

7. Clear water reservoirs al the
headworks, balancing 1anks and
service reservolrs (overhead or
ground level) in the distribution
net work

E.[Xﬂribuﬁn.nwm

50

30

The dam may be constructed in

two stages. In the first stage. the »

helght of dam may be kept jusi
suffilent for the requirements of
the 20 year perfod.

The infiltration works may be
designed and constructed for the
intermediate requirements of 15
vears and may be extended later 1o
tnietetd the ultimate requirements,

The comparative merls o cover
the full 3() vears perod vs. a main
to cover the first 15 years supple-
mented by another either for the
entire length or part of it for the
next 15 years should be examined
to decide un the most economical
arrangement.

Additlonal units may be added
after the 15 year period

Feedor mains 1o areas under-
developind however may be limited
o the needs of the first 15 pears,
and replaced or additional mains
added after that period to meet the
ultimate requirements.




10.2.2. Water Supply Requirements

10.2.2.1. For Residences

Where possible, 135 litres {30 gallons) per capita per daw, for residences
provided with water camage sanitation with the barest minimum however as:

1. For population upto 10,000

2. For papulation frorm 10,000 o 50,000
3. For population abowe 50,000

4 For rural communities

10.2.2.2. For Industrial Purposes

The per capital rates of supply recommended will ordinarily include the
requirements of small industries distributed within a town. For specific industries
separate provision will have (o be made as indicated below;

Water Suppiy Enginesring

Litres/ Capita/ day
0 to 1060
100 10 125

125 to 200
Mot less than 4()

Industry

Automobile

Distilleny

Fertilizer

Tannery

Pulp and Paper

Special quality paper

Straw board

Petroleum refinery

Steel

Sugar

Textile: Cotton
Wool
Rayon

Dalry

Meat

Poultry

Cercent

Sago

Coal

Coke

Laundry

Eleciric power

Water requirement

[nit of n Kilo-litres

production per unit
Vehicle 40
Kilolitres- 60170
Tonne B0-300
100 kg (tanned) 3-4
Tonne 200-500
Tonne SO0 1000
Tonne 75-100
Tonne (crude) 10-30
Torne 100-250
Tonne cane crushed) 1415
100 kg (goods) 185
100 ., 40

109 . 200
Kilolitre (milk) 410
100 kg 23
100 kg 0.6-4.3
Tonne 1.0-4.0
Tonne 4-10
Tonne 1.0
Tonne 50
100 kg twashed goods] 35
Kwh 02
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10.2.2.3. For buildings other than residences

No. Tvpe of Bullding Litres per person per day
1. Factorles where bath rooms a5
are required to be provided
2. Factarles where no bath
rooms are required to be provided 30
3 Hospitals (including laundry)
. Mo, of bads less than 100 M0
b. Ma. of beds exceeding 100 455
4, Murses Homes and Medical Quaners 135
5. Hostals 135
6. Hatels (pet bud) 180
7. Offices 45
5 Restaurants [per seat) 70
9. Alrports and Sea porls 0
10, Rallways and Bus Statlons
dunctions:
Where bathing lacillties are provided 70
Whire bathing facilities are not provided 45
Intetmediate stations:
Whare hathing facilifies are provided 45
Where bathing {acilities are not provided 25
Terminal stations: 45
11, Cinemas, Concert Halls and Theatres
{per seat) 15
12. Schoals/ Colleges
L. Doy Schools/ Collges 45
b Boarding Schools/ Colleges 135
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10.3. YIELD FROM GROUND WATER SUPPLIES:

In the case of the ground wate supplies, (he magmum safe yield is limited by
the capacity of the water beating strata lo supply water without suffering a
contiious lowerlng of the watey table The spadific yield of a well s he
discharge per four of draw-down at the well. If a well is not developer to the
full capacity of thy acquiller, the maxmum weld is limited by meomum per-
missible draw-down at the wel which is determined by the critieal velnein 1o
prevent sand blows. For a given draw-down the vield ¢an be Inoeased by
stirrounding the well screen with gravel backing hiwing i higher perrmability
than the matedal of the acquifier, Draw-dewn can be increased for increasing
the yeld by suitably plugging the bottom ol the well with graded malerial 10
preventsand blows.

I the case wells and infilration galleries the adequacy of the yield will have
to be satishied by full power tests earried wut for » safficlent length of lme
during dry weather. The capacity of the gallery should be calculated on a 20
heuis yield basts giving 4 hours Tor rest and reouperation

10.3.1. YIELD TESTS:

The yeeld from each infiltration well or gallery is determined by one of the
follewing preliminany tests:

10.5.1.1. DISCHARGE TEST ”

In the discharge test, a pump s fixed close to the well and water is pumped out.
The quantity of kater pumped ks measured in &V nokch chamber consisting a
W notch at e end of & stee] or masonny chamber comsiructed for the purpose,
The water discharging from V notch charaber if Il is near the well, should be lot
awsy In & channel imed with impervious clay s that the water pumped out,
does not find out s way into the soll and to thie well, As water from the well s
pumped out, the water Jewel In the well is depressed and a dage will be
reached when the quantiy pumped out 5 equivalent to the water entering the
wel and at that stage the depression head woull remaln constant The rate ol
pumpage In this depression head would remain constant. The rate of pumpage
in this position i the vield from the well for the head of depression. The V
noich Teadings observed in a particular case se tabulsied in o statoment &
given-below and all the levels are recorded with referénce 10 a guage fixed to
the well as showm in the table below:
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DISCHARGE TEST TABLE
2 o
E: - s2l & |5 = E[g2
Neil382 | B4 Balds | el
EE 32|22 5 I EE
A R R
gle2|B3E| 28| 8= 523 2l
EL AR B R R
dt dh h pelt Addh Khdt kn K
74
75 519 095 1567 13425 2245 445 47
710 5 096 2338 2 6762 BO0S 1782 75
715 5 06 b 7 1 - o 4225 11445 2289 72
720 5038 365 . 2682 12988 2698 71
E 725 5 0250 3496 " 1768 13902 2780 70
9 73 50125415 e 884 14786 2957 71
ni:- 735 5 0Q0R3. 426 = 589 15081 30k6 T1
— 740 5 0042 4.32 i 2956 18375 3075 T1
745 5 0040 436 - 295 15375 3076 71
750 5 0020 439 W 148 15522 3104 71
£00 10 0021 441 3134 148 31192 9129 71
845 45 0042 044 14103 285+ 14075 3131 70
Dia, of well = 12° 0
A 11314 sgft '

Tha vield from the well at different depths of depression are worked out and
shown in column 10 of the statemert.
Let A = Area of the well

h' = The head by which the water level, in the well is depressed.

H = The head at which ihe rate of pumping 5 equal to yield of the well.

K = The specific vertical vield of the well under 2 head of 10" in gallons per
minute.

p = Yield from the well at depression head H
g = Rate of pumping

The water level, before pumping is commenced, ssay, at zero and 2= pumping
Is conanued, the water level goes on falling in the well. The rate of pumping is
equivalent tothe volurne of water by which the water level in the well dispressed,
plus infiltration flow in the well If readings are chserved, for every 5 minutes
interval starting from zero level the dependable vield of the well at different
dapression heads can be found out as given In the statement above.
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Suppuﬁehlm'it'&mmmhdlnmtwuhw&mhﬁ.m
th + gh) ft. The quantity of water pumped out during that period is:—

pdi — Adh + Khdt.
dt [p — kH] = Adh
_ Adh

p — Kh
Integrating
r—i-'f%iugip—ﬂhl e

vwhent—=0.h=10

. A
'_U_'q—]_..lgg +
K P

; A
C -
. Klogp

A A
t= — — log lp Khi
v tog p % n

A et PR PR S
K

From this, the time taken 1o depress the water level from zero to h can be
determiined.

In this formule. p. h and { are determined by experiments. Therefore K can be
found out by calculation. vide column 10 of the above statemaent. As pumping
is continued, a stage will be reached when the quantity of water pumped out is
equivalent to the inflow Into the well. At that stage P~ KH. Substiniting this In
formula (1)

o A g K
K KH- Kh
ey, L
l K log H h

WAy
H-h
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In these tests the aitical head beyond which the water level should not be
depressed should also be determined by careful observation. The eritical head
& the head at which soll or sand particles are heing drawn continuously from
the bottom of the well It is ascertzined by collecting the water delivered from
the pump at frequent Intervals in a bucket and examining it for sand particles
after they have had time to settle. The point at which there is & continual
pumping of sand from the well bottom defines the critical depression head.
This head can be inareased in fine sandy soils by providing the coarse sand
plug already described. The yield tests should be conducted for a long time.
say not less than a month to ascertain the dependable yield. Then a curve is 1o
be drawn with the average depression head as ordinste and the vield in gallons
per minuke as abscissae.

10.3.1.2. RECUPERATION TEST

In the Recuperation test, the rate of recuperation in the wall ¥ observed and
the rate of inflow at different levels of depression calculated. Aftor conducting
the discharge test, pumping is stopped and water allowed to rise In the well
The time taken for the water level s to rise for every half a foot is obsarved and
tabulated in a statement given below:

8] B -E =
I = E.'g - = c = :
1| 3 E 55:55;.; gg $4f 5
i s e | g s = E_ E
= 2= E - 2 § £ -E i E
£ 5 3 & |8 - i
dt dh b Khdt Kh K
hms. hms
4.30-0
31-10 0-1-10 6 425 d536 3031 71
3225 0-1-16 b 375 W 2828 7
3350 0126 6 35 -~ 2485 7
35-30 0.140 (1 275 - 2122 71
37-35 .2.55 f 225 w1093 70-5
40-15  0-240 6 1.75 & 1326 71
43-00 0245 ] 1.15 . 1286 103
49-50 0-6-5 ] n.75 i 58.1 7
530 (0-13-55 [ 025 i 288 117

In this case the water level at tha beginning is b f below zere 1 & slictl iilerdal
dt. the water level rises by dh
then Kh. dt = (—) Adh

A dh

— gt = (- | —

K h
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Integrating
A
i'_l-l = logg + C

i—Owhenh=H
JQHH'—C

Substituting this -
i— t— loggh + loguH

A H
1_F Iﬂse?

Yield tests ave to be conducted during the period when the ground water level
s at jts lowsst in surmmer and preferably in a year of draught or below average.
Dhiring thie test the cone of depression in the ground ocutside the well also
should be observed by putting in tefl-tale borings. As the curve of the cone of
depression Is Steeper near the well, the -eli-tale borings should be spaced at
closer intervals near the weil The first tell-tale boring may be just outside the
well, second 5 third 107, and the next ohes 25, 50" and 100" from the well, The
yield from wells of 10° to 12' diameter in a good coarse sand strata ks about
300 gpm. at a depression head of 4' to 5" and the yvield from galleries in the
bed of the rivers from 1 gallon per minute to gallons per minute per ninning
loot of galleny.

10.3.1.3. JONE'S FORMULA FOR YIELD FROM WELLS:

Jone's tormula for the vield from well sunk in Homogeneous stratum which is
generally applicable to India s —

b h\Vh 52+ | hd s)
10 5

Where v — Yield in gallons per hour:
b = Head of water in feet ie.. difference between the nopmal ground
water level and the level inside the well when pumping s in
PCgress.
d = The total din, of the well |n feet.

S = The longitudinal slope of the water table Le., the length per foot
fall.
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Water supply requirements per capita for, various purposes — Gallons per
head per day

CLARS A B C Db E
Domestic consurmption 5 6 6 6 6
Bathing and washing purposes B & B 6 6
* Public Latrines and urinal road
walering and public gardens
Including public fountalning etc. -2 3 &5 &5 &8
Sewer and drain flushing etc and
private water — closets —a & 3 83
Leakage from main |5 ete. — 0505 1 1
Filter wash wales - 05051 1 1
Sundries {stables, cowhouses
Dhobi ghats etc.) -2 3 -F &5 3
Private Gardens —2 3 3 B8 5§
Industries etc. — Special provision accor-
ding to size
Fire Services spl. provislan sccording
fo clrcumstances.
Total — 20 25 28 30 30
Reference class A — Town of less than 13,000 population
B — Town of 10,000 to 25,000 !
C — Town ol 25,000 to 50,000 "

D — Town of 50,000 to 1,00,000
E - Town of 100,000 to 200,000

For fire fighting: — (121 P gallons per. caplta per day

where P = Population in thousands:

The population to be served : The scheme that is-designed ls expected o serve
an ulthmate population at the end of 30 years from the date of completion of

the schemes. In predicting the ultimate population af the end of the pariod of
design the following formula s generally used.
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T n
Pn=P(l+-—)
100

Where Pn = Ultimate population affer 'n” decades.
P = Present Population
n = No. of décades.
r = nvirage rate of increase (expressed in percentage) per decade.

In working out the rate. the mates obtained In the,past as well as
rates obtaining in towns similar In nature and similarly situated are studied
comparalively and reasonable rate arrved at,

Warks connected with purification of water are broadly classified as follows: —
(al Plain Sedimentation,

(bl Filtration through slow sand filters or mechanical filters.

(e} Chemical freatment —

(i) Coagulation for removal of colloids, etc.
(it} Water softening for removal of hardness.
(iil) Removal of ron and manganese

(v} Removal of fluorides

{v) Disinfection.

H
Fmiunansseslnmpes:hlﬁﬂ

2gd

where V = Velocity of flow In ft. sec.
L = length of pipe In feel,
d = diameter of pipe In leet;
2g=644
= co-efficient of friction 0,005 to D01 for G, pipes.
hi = loss of head due to friction.
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10.5. CEMENT CONCRETE PIPES

(Clssifications are according to 15 ; 458- 1971)

Class Description

Conditions were nommally used

MNFy Unreinforced concrete,
NON-pPressure pipes

MNPz RC, light duty;, non-pressure
pipes,

NPz RC, heaw duty, non-pressure,

Pipes.

NP4 HE. —db —

Py RC pressure pipes tested toa
tndrostatic pressure of
2.0 ka!sq. e, [20 mhead |

Pa RC pressure pipes tested o a
hydrostatic pressure of
4.0 ka/sq.cm. |40 m head |

Pa RC pressure plpes tested lo a
hydrostatic pressur eof
6.0 kg'sq.cm. |60 i head |

for drainage and irrigation use,
above ground orin shallow trenchas

For culverts carmving light {raffic.

For culverts carmving heaw traffic.

For culverts carrying very heaw
Iraffic, such as raibvay loading.

For use on gravity mains the actual
working pressure not exceeding
2,3 of the 1est pressure,

Ear use on purnping mains, actual
wiorking pressure not exceeding
Yy nof the test pressurs

— do'—
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10.6. APPROXIMATE QUANTITIES OF

MATERIALS AND LABOUR REQUIRED
FOR JOINTING CAST IRON PIPES OF

xnz

DIFFERENT DIAMETERS PER 10 JOINTS.

e ol
pipe

T,

80 (3"}
100 (4"}
125 (5%}
150 (67)
200 (87)
9 inchies
250 (107
300 (127
350 (147)

15 Inches
400 [167)
450 (18"}
500 1207)

21 Inches
600 (247)
700 (287)
750 (307)
800 (32™)
900 1367)

1000 {407

1100 (447

1200 (48"
1500 1607)

1800 (72")

laad Spun el Kerosene
vam  wood ol
Fittér
kg, kg kg, Hitres Mo,
19 L0 9 U 1
25 1.8 29 U3 1
an 20 38 03 1%
35 20 43 (i 14
50 340 57 09 1%
55 32 o2 12 Iy
&3 35 66 13 2
77 48 76 15 2%
90 60 90 17 24
94 67 100 18 2%
110 75 110 2.0 3
1130 95 125 28 Fa
150 100 130 28 i
160 108 14D 24 4t
185 120 170 40 i)
220 135 210 42 i
250 145 240 as i
2800 153 260 s 8
340 188 290 4.5 9
4100 205 350 48 10
460 240 380 50 11
500 260 420 a0 12
BOO 250 60O 15 14
900 310 600 B 16

Labour
Asst. fitter Mazdoor
No No
1 .
1 2
11 1
1% 3
1% 3
1% Ha
2 4
2% 415
2% L
25 5
5 6
S 7
4 R’
il 9
] 12
7 14
T4 15
8 &
9 18
o 20
] 22
12 24
14 28
16 32
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10.7. SUBMERSIBLE PUMPS

The submensible pump is a compact sealed n unil which Is lowered In to &
bored tube-well casing pipe while motor is located al ground level and drives a
vertical shaft extending down to the pump. This pump is often used for g
drawing water from drilled wells in which the water level 1s a1 & considerable
depth below the ground. Deep well punips are generally roulli stage centrifugal
turbine pumps having two ar more mpellers of relatively small diameter with a
discharge column extending 1o the top of the well, and suction piping can be
eliminated. These pumps are made for dismeters as small as 100 o,
althotigh 150 mim s the recommended minfmum wp to 330 mm, and the
sual length of the pump 15 200 mm to 600 mm. Bore hole pumps are
electrically driven and are quick startlr g, requlre no priming, hisve high efficlencles,
produce larger volurme of water from & small well than gy other type, and arg
very popular in modern well Installations, The cost of installation and runningaf
a bore-hole pump Is highar than an ordinany pump; isnot sultable for shallow
depths of water as the pump requires adequate submergence.

It |5 clesirable that the bowla of bave-hole punips should be kept at a sufficiently
low lievel s {hat they remaln submerged below water uridar working conditions,
Where full submiergence & not possible, the oot valve should remaln submerged,
or stiction tube may be attached below the foot valve so that the lower end of
this suction tube abways remuins submorged. Belore starting the motor the
delivery valve should be opened about two wrns for the alr from the dsing
maihs 16 escape

It Is of utmast Importance that the bore of the pump |8 perfectly vertical and it
should never be out of plurmb more than the clearance between the Inslde
surface of the well pipe and the outside diameter of the purmp bowls. Bope
hole pumps revalve with a high speed and ecoentricity will have great damaging
effect. Methods for finding out eccantricity in tube walls has been explalned
under "Mathods of Baring”

10.8. WELL LININGS OR STEENING

In athuviel soils open dug wells with steenings can be made ecanpmically upto
a depth of 30 m and wells without lining [and curbs] sre practicable only up o
a depth of about 5% to 6 metres. Thi steening ts usunlly made of brick work ar
rnasonry, Large cement concrete rings 6U to 9 cm high are also used. Where
dry masonry is used In between dry masonmy some bonds of pucca masanny
are also provided lor strangrhe Bricks with moriar are somaetimes used lor a
hattght of about 3 metres, from the ground surdsce with diny jolnts balow
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To prevent infiliration of dirty surface water into the well, the steenng should
| be made water tight and also wherelilling up the excavation to back the lining
with some impermeahle matesial, such as puddle, for 25 to & metres from the
suriace and about one metre thick,
‘Where the whale of the lining is made impenicus, the water can percolate into
the well from the bottom only Weep holee 150 3 75 mim for the admission of
water are lelt at intervals in the steening and which should be omitted in
dhallw wells.

10.8.1. Thickness of Steening of wells

Bepth of Suggested (hickness In centinetras

wzll frem for Biameter of well in m

ground level
inm Im 3m 4d4m 6m Ym 2m
3m 40 a0 40 50 50 50 Wheme high skin
6m a0 50 50 80 60 70 iriction in
9m 50 al = 60 70 9 antlcpated
12'm RO A0 B0 70 80 100 thickness of
IBm 60 70 70 80 90 110 steenihgshould
24 m &0 80 B0 W - —  beincreased
M m 70 90 90 110 - -
A6 m 0 100 100 - - -

For rubble masonry steening depths, the thickness may be 732 to 15 om more
than the respective fgures given abxve for brick wirk steening,

Stell or RCC mbing can be used-as fining up to 1.8 metrey in loose and sandy
soils.

Kachha wells withaut kning which are of temporany nature can be made oy
where the spring level and the soil can s:_and wertically or with a slight slope In
practice,
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10.9. HORSE POWER REQUIRED TO LIFT
DIFFERENT QUANTITIES OF WATER TO

ELEVATIONSOF3TO 30 m

Hip = | by i I X 5;;“3 ;"Em A .

(assuming 50% efficiency of pumpy
aQry HP REQD. FOR THE ELEVATION OF
LE*M 3m S5m 1WUm iEm_EL}m 25m 30m

500 066 110 219 329 430 G548 658

000 132 219 439 658 B77 1096 1316
15000 197 329 658 987 1316 1645 107
2000 263 439 877 1316 1754 2193 2632
2500 329 548 109 1645 2193 2741 3289
3000 395 658 1316 1974 2632 3289 3947
3500 461 768 1535 2303 3070 3838 4606
4000 526 BI77 1754 2632 3509 43% 5263
4500 592 987 1974 2961 3947 4934 592]
5000 658 1096 2193 14289 4386 5482 6579
5500 724 1206 2412 3618 4825 6031 7237
6000 789 1316 2632 3947 5263 6579 TRYS
6500 B55 1425 2851 4276 5702 7127 B8543
7000 921 1535 3070 4605 6140 7675 92.10
7500 987 1645 3289 4934 GL79 EBZ24 YRGB

10.10. DATA FOR WATER SUPPLY WORKS

Nate: 1, All materials should be of approved quaity ond malee and they should
be got epproved by EE. before use on works. 2. Works should be done
compiying with relevant standard speciication as directed by the Departmental

officers.
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". Quantity Unit Description of Work
(1) iy ]
I{I 1. Internal Water Supply:

' fixing and jointing Galvanised lron Pipes 16 walls: with all the

required specials, Including cutiing and threacling; and including dismantling
masonry and RCC works: and making good of the dismantled portion and
with necessary feakwood phigs, clamps. sorews, white lead, spun yam etc.,
including painting the pipes and fittings

For 10 Metres

10m Cost, of Galvanised Pipe
Yor cost of iron speclads odd 20'% of the pipe cost

.75 New Pluriber 15t Class

.75 Mo, Muzdoor

0,25 No Painter 21l Class

LS. Tealwood plugs, clamps, screws, white lead, spun vart

LS Dhamantling, making good of the dismantled portion, paint et

cutting, threading:

10.10.2. EXTERNAL WATER SUPPLY

Supplying, Laying and Jointing, Galvarised Iran Pipes with all the requiresd
specials Including cutting and threading, wherever necessary and including
Earthwork excevation, [wrapping the pipes with tarred qurtny tapes sealed in
tar] wherever the pipes are laid outside the bullding portion below ground level
including dismantiing masonry and RCC works and making good of the
dismanthed porfion, and fixing the pipes with necessary tokwood plugs;
Hﬁdtrnpn.m white - lead, spun-yam et including painting the pipes and
s

For 10 Metres

10 Metres Cost of Galvanised Iron Pipes of differemt diameters.
15% ofthe  Cost of Gehanised fron specials

cost of pipes.

075 No. Plumber lst Class
(125 No Mason 11 Class
075 No. Mazeluor

025N0.  Painter "

LS. Teakwood plugs, clamps, screws, white-lead spun yam

LS Dismantling, making good of the dismantled portian,
Earth work excavation. refilling painting efc: cutting,

threading etc.
For 10 Mﬁms = Total
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10.10.3. Supplying and fixing In position Gun Metal wheel valve
full way, check valve, flanges, bend, tees etc.,

FOR EACH

1 Na. Cosl of Gun Metal wheel/valve
full way, check valve/flanges

_ Bends, Tees of verious stzes et
0.33 No Plumber 1st Class
033 No Mazdoor
LS Sundries for white-lead etc.

Tolal Rate Per No

10.10.4. Supplying and fixing in position 12 mm dia Nickel plated

screw down taps Brass/Chromium including cutting and
threading and jointing with G.1. Pipes etc.

FOR EACH
1 No, Cost of 12 mm dia Bease/Clromium/ e Nicke! plaled screw
down tap,
05 No Fitter 1st Class
LS Sundries including white load cutting threading efc
Tatal

10.10.5. Supplying and fixing in position 15 em dia Chromium
plated shower rose with required Gun-Metal wheel valve of 20 mm

FOR EACH
1 No. Cost of 15 cm dia Chromium plated shower rose.
1 Mo, Cost of 20 mm Gun-Metal whest vabwg
0.2 No, Plumbser 1st Class
0.2 Mo, Mazdoor
LS. Sundries for jointing. materials, clamps, threading etc
Total

10.10.6. Supplying, and fxing best Indian make Cast lron soil pipes and
providing molten Jead caulked leak proof joints with hemp yarn including
fiudng to the wall with necessary tealwood plugs, clamps. screws otc, and
making connections to the sanitary fittings. dismantling masonry or RCC
works or flooring and making good the dismantled portion including painting
the pipes and fittings with 2 coats of paint the pipe foed In position to true
alignment.

10 Metres Caast of Cast lron Soll Pipes FOR 10 METRES
0,5 No. Plumber 1st Class

0.25 No. Mason 15t Class

1.50 MNos, Mazdoor

025 No Paintar

LS, Lead and Hemp yarn for joints T.W. Plugs, Clamps, Scrows
LS Dismantiing, making good the dsmantlad portion paint etc.

Total B



XI. SANITARY ENGINEERING

11.1. SEWAGE PROJECT

11.1.1. Preparation of Report

The following poinis are to be looked into i thelr sequential order while

congldenng any public sewage project

T Popuahion of the city fo be served, 2 Awilable linarce for the purpose.
3. Quality of sewage 1o he handled, 4. Rainfall In the locallty, 5. Ratz of
sewage expected to be available, 9 Sources of sewage, 7. Present
arrengements of disposal B Topogreplilcal features of the area. 9, Treatment
mietlods and 10, Fukwe dewelapmaent trands of the oy

Dirawings:— Contour plan of the area, 2. Detailed drawings of all unis of
project 3. Site plan exhiblting location ol the schéme, 4. Tapuyraphical map,
and 5. Flow diagtam of propased trestment methads

Report: — The report should include — 1. Land acquisition. 2. Existing methods
al disposal and necessity in thetr modiflcations, 3 Allgnment and longitudinal
slopes of sewer lnes, 4 Financial aspects, 5. Nature of industrial sewage,
6. Detaled designs of varous unins of project. 7. Outline of specifications of
construction work, 8 Present and funme population o be served by the
project, 9. CGuality of sewage and mode of disposal of effiuent, 10. Extent or
standard of purification: 11, Sustern of lavout. whethet sewaye and storm
water are 10 be tackled thgether or sepamtely, and 12 Poy other information
which may be useful

11.1.2. Water Consumption and Sewage Production in Cities

Water corsumplion in - Sewage productionin

Population litres hoad, dioy lieres/ head/ day
100,000 135 115
200,000 160 « 135
500,000 180 160

- 1000000 200 180
10,00,000 and above 225 200

11.1.3. Multiplying Factors foedesign of Sewers

SNo  Sewers Times of average rate of annual flow
for which sewer is 10 be designed

L Domestic sewers 6

2 Lateral sewers f-f

3 Branch siewers 3

4. Main sewers 25

6 Trunk or outtall sewers s
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11.1.4. Self-cleansing Velocity and Grades

The velocity which can cause automatic self-cleansing effect can be found out
by the following formula given by Shield:; —

o~ (57) <

Whare f — Darey's coefliclent of friciion beng 0 for usual fype of sewers,
K—'Wﬁulmﬁﬂp&ﬂd&mﬁﬁmww the sawage. is
value in MK.S. it varies from 0.06 to (.04 for organic and inorganic solids
|mmm3—mmmmemmmEmmud
inotganic particles & 1.20 and 265, P— Specific dravity of ransporiing liquid
which is water in the case of sewage, and d = Dia-meter of the paricle 10 te
camed in suspension

Thie velocity which & essential to keep the partitles In suspension warks out o
L2 nearly (15 m//eec. For detsign purposes welocity 11y be assarmed 20 1Lm/ser

Diameter of sewerinmm 075 m/sec. 090 m/sec 1.05m/sec.

100 il 7H &0
150 150 105 74
225 265 180 135
400 385 270 195
375 520 355 265
450 Bl 460 340
525 820 570 415
600 970 630 A0
675 1100 THI 580
750 1300 510 670
a0 17060 1200 B50
1050 2100 1450 105U
1200 2500 1700 1250

As NB.O, the fullowing gradients have baen commeanly adopted as being
sulgzm o prevent interference with flow due to buid up of solids In the case
of small size sewers, These gradients are suitable for use in branch dmins and
with irregular flow Approsimate velgcity and discharge flowing hall-full are as
byl

Diameter Gradient Welodty in mysec.

i 11 i
1000 mirtt 1in &l 058 014
150 rem 1in 100 061 033

225 mm Lin 120 079 a7
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1’& per Badwin Latham following values of sell-cleansing welocities may he

adopted lor different size of sowers —
150 1o 300 mom dia — 1 mfsec., 300 10 600 mm dia,

600 mm dia. — 060 m/sec.

0.75 mfsec.. above

1L.1.5. Limiting Velocities in Sewers to Attain Self-Cleansing

SNo. Type ol Sewers VE]U-CH:}: i m sec
| Brick séwwers 2025
2 Stoneware or vitrified day seviers 30135

3 Concrm sowers gata 30

4 Cast iron spwers 35040

11.1.6. Spacing (c/c) of Manholes for larger sewers

(1S 1742-1960)
Sewer size Spacing of manhole
Upto 30 cro-diameter 45m
Upte. 60 cm diameter 75m
Upte 90 on dismeter S0m
Upto 120 cm diameter 150m
Upta 150 cm diameter 250 m
For larger than 150 em 300 m

11.1.7. Minimum internal Clear Size of Manhole Chambers
(IS 1742-1960)

=07hm > 0T5m

(a) For depth of 0.8 m or lesy
(b} For depth between (0.8 and
21m

(e} For depth more than 2.1 m

{d! Min. s=e of ascess shafl
e} Min wall thickness

L 5

12m %X 09m

= Cincular ciwnbmwiﬂ'i a minkmum

diameter of 1 4 m or rectanguiar
chamber with minimum internal
dimensions of 1.2 X 029m
LED = .50 m

20 em.
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11.1.8. Requirements of Fitments in Office Building

(I51172-1963)
F‘ For accomodation other than for Head of Office
itmients
For male personnel For female personnel

W.Cs Oine for 25 ar part thereof One for 15 or part thereof
Ablution
taps Ohne in each W.C. One ineach W.C.

One water tap with draining arrangements should be provided

for every Hil persons or part thereaf in the vicinity of W.C,

and urinals.
Urnals Mil upte & persons

lior 7- 20 persons

2 for Z1- 45 persons

Sfor 46- T persons

& for 71-100 persons Ml

From 101 to 200 add at the mte

of 3'% and above add at the

rate of 2.5%
Wash basin,  One lor 25 or parl thereof Same as for males
Dirinking Oine for every 100 with & Same as for males
water minimum of one on each floor
fountaing
Balhs Preferabiy vne for each floor Same as for males
Cleaner's One per floor, minimurm Same as for males
sinks 'prefe:rah]y in or adjacent

in sanitary Foom.

11.2, DESIGN CONSIDERATIONS :

The design considerations for both small and large installations are furnished
below in accordance to 1S 2470 {Pt. I} 1968 and 1S. 2478 (Pt I} 1971,

General —In unsewered areas, every house should have a arrangementsTor its
sewage being freated in a septic tank, effluent from which should be given
secondary freatment either In a blological filter or on the land, or ih a
subsurface disposal system.

1} Surface and subsoil water should be excluded from finding way into-the
septic tank. Waste water may be passed iito the septic tank provided the
tank and the means for effluent disposal are designed [0 cope up with this
extra Hepald.

21 Depending on the locatidn aof the water-table and the nature of the strata;

the type of disposal for, the effluent from the septic tank may be decided
{see T1.8.1)

3} Under no clreumstances should efftaent from a septic tank be allowed into
an open channel drainor body of water without adequate treatment.
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11.2.1, Layout

The layout should be as simple and dinect as practicable. A wpical arrangement
i iilustrated in Fig 11.1.

We
s BT
. WR
Ty
VENT
WASTE SO0 FIFE
el PIPES
GULLY TRAP
BT — Bathiub
5 — Sink
WB  ~ Wash basin e
WC — Water closet
SEPTIC
TANK
w
TOSFECONTARY
TREATMENT

Fig 11.1; Typical Layout of a Septic Tank Sewerage Systern
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11.2.2. The pipes should be laid. as far a5 possible. in stralght lines In both
vertical and horktontal planes; however, where bends are unavoidable, thup
should be long radius bends with dearing eves. Anything that is likely to cause
irreguindty of fiow sheuld be avoided

11.2.3. A Junetions of pipes in manholes. direction of flow from a branch

connection should not make an angle exceeding 45° with the direction of fiow
I the main pipe.

11.3. Pipe Diameter — From practical considerations a minimum nominal
diameter nf 1K) mim is recommended.

11.4. Gradients — The yardients of land drains, under drainage as well as
the battom of dispersion trenches and snakaways should be between 1 : 300
ond 1400,

11.5.Location of Septic Tank and Subsurface Absorption Systems

11.5.1. Septic Tank:— Septic tank should be Iocated at a place apen 1o
shy, as far awey as possible from the exterior of the wall of building. It should
also be accessible for deaning

11.5.2. Subsurface Absorption Systems: — A subsoil dispersion system
bu closer than 18 m from any source of drinking water, such as well to mitigate
the possibility of bacterial pollution of water supply. It shall also be as far
remaved from thesnearest habitable bullding s economically feasible but not
closer than: & m, to avoid damage o the structures The aciual distance.
hawrever shall be based on the soll onditions in relation to both percolation
and bearingcapacity, Care should betaken (1.t the ground below the adjacent
building is not likely to be aHected by the effluent seeping Into the soll. In
limestongs or crevice rock formations, the =oil absorplion system 5 not
recommended as there hay bo channeks in the formation which may camy
enntarminabion owr — long distance! i soch cases, and generally where
suitable conditions do not exst for adoption of soil absorption wwstems, the
effiuent, where leaible should be treated ity a trickling filter or chlorinated,

11.6. SMALL SEPTIC TANK

11.6.1. Dimensions of Septic Tanks — Septic tank shull have minimum
width of 75 om, minimum depth of one metre balow witer leval and a2
miniinam liguid capacity of one cubic metre. Length of tanks shall be' 2 o 4
tirmes the width. Sultable stes of septc tanks lor use of 5, 10, 15, 20 and 50
parsons based on certain assumptions are given In Table | for guidanee

11.6.2. A detention period of 24 1o 48 hours s usually avallable based 'on the
average daily flow of sewage. It may be noted however, that the sverage daily
flow varles considerably from one installation to the other and the detention
perind should not be considered as a critenion for design of septic tank



Xy7

Saniory Engleeering

pavoq aauf s0f Spow #q pmouys wo of fo uomnoud v — 7 2o
"osps Japa 335pm o] apwond papuALRLICsas Sa0Ges Sy | — [ MoN]

81 #90 80 034 08 0BT 0211 REL 099 002 08T B0l vl Do 04
1T IS0 . BBEZ pbl LD S5t QOFE ESZ 08T OFI LT oLt QET 0z

&1 090 = ord 8Ol = D9E  #E°% = noE oEl e 0o's SL

|0 oFo = w1 2ZLU = 25¢ 081 = WL 001 = De 0 00z o1

o EED = 2L0 9EC = 81T 2171 i 50T 0071 — AN 051 g
il i m g gl it P A $ w w w w w

[ S 1 8 {ET) Zr. {1 ot i6) 8 Ll (4} (g) {¥) i (2) tr
swad reaf  spuow  smead Jead sguow swed Iead sypuow  imad  JuRi  syjuowm

2 I G iy 1R 9 2 1 9 B 9
— ——— i — =] = e
{jo [eAzalL] {0 Eaagug
uy Buiuma|y 10.) (Jo [enBau) Bujues) sy 404}
WMSIDTHAL B O} PROLEY Buwea)) 10.) a g T S1a8)
aBpnis jo (udaqy 2q o} 3BpN(S AyzedeD) pmbry g pinbr] ppeag 1pbue)  jo oN

(11 R ETI"Z11 B4 puv ‘9] asno))
SHNVL DLL43S 40 S3ZIS ANV STILIDVAVD GIANIWKWOOTH 1 IT1aVL

3

o



Xy Enginesrs’ Gutde
Recommended Designs — Figures 11.2 to 4 give tyical designs of
seplic tanks.

100 O
5 PIPE

MNate 1 — A bullom slope of 5 to 10 percent towards inlet s prefemed.
Note 2~ Tuo be desludged preferably by punable purmp.
Note 3 — FFor dimensions L, B and D. see Table |
All dimensions In centimetres, unless othenose speélfied
Fig. 11.2. Septie Tank — Type |

1163 Construction - Septic tanks mav be constructed of brickwark, stone
masonmy, concrete or ather sultable materials

11.6.3,1. Brickwurk and stone masonry — Walls built out of brick should not
be lasy than 20 cm thick and should be plastered to a minimum thidkmess of
12mum inside and ouiside with cement monar not wesker than 1 : 3: whare
they are built oul of stane masonry, they should havi: a minknum thickness of
37 eme
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11,6.3.2. Floor — The Goar should be of cement concrete of Grade M 150
and shoukd be sliaped towards ihe sludge outlet, If any.

11.6.3.3. Pipes and fittings — Inlet and outler pipes and ather fittings
shouldl be bult in as the work proceeds At the outlet ends, only tees are
prefarred but baffle walls may also be used where so dusirad,

11.6.3.4. Concrete — Septic tanks iy be bufit out of precast or cast in-situ
concrete and shall have a mix of propartion not leaner than 1 : 2 - 4 or Grade
M 150

11.6.3.5. Other mailerials - Where septic tanks are constructed with
materials other than brick, slone or conoete, they should ba of mdequate
thickress nnd quality to ensure water-tightness and strength,

11.6.3.6. Cover — Every septic tank shall be provided with & cover of
ardequate strengih. Access apenings shall be provided for purpases of desludging
and Inspection. f circular, the dear opening shall be 500 mw dia, minimym
anel I rectangular, the opening shall have minimum dimensions of AOD =
45Umm

11.6.3.7. Ventilating pipe — Every septic tank shall be provided with
ventilating pipe of at least 50 mm diameater. The top of the plpe shall be
provided with a suitable cage of mosquitd proof wire mesh.

The ventilating pipe shall extend &5 2 height which would cause no smell
nitsance to amy bullding In the area. Ganerally the ventilating pipe mau extend
to a height of about 2 m when the septic tank is a1 least 15 m away from the
neares! building and 1o a height of 2 m above the top of the huildingwhen it s
located closer than 15 metres: The ventlating pipe may also be connected to
the normal soil ventllating system of the builiding where so desired.

11.7. Disposal of Sludge -The sludge from septic tanks may be deliverad
into covered pit or into 2 sulluble vehicle for removal fram the she. Spreading
of skudge the ground in the vicinity should nol be allowed.

118, Secondary Treatment and Disposal of the Septic Tank Effiusnt

1181, The effluent from septic tank should be disposed of by one of the
mwthods given in Table 2 depending on the position of 1he subsaoll water lave|
soil and subsoll conditions and the size of the installation
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11.8.2. Construction of the Sail Absorption Systems

al Seepage pit — The seepage pit may be of any suitable shape with the least
crass-gectional dimension of %1 cn and not less than 100 cm in depth
below the Invert level of the inlet pipe. The pit may be lined with store. brick
ot concrete blocks with dry open joints which sheuld be backed with at least
7.5 ¢m of dean coarse sygregate (see Fig. 11.5A), The lining above the
iiilel Jevel should be finkshed with mortar, In the case of pits of lange
dimmumsions, the fop portion may be harrowed Lo reduce the size of the RCC
covir slabs. Whers no lining s used, spedally near trees, the entire pit
should be filled with loose stones. A masonry ring mey be constructed at the
1op of the pit to prevent damage by flooding of the pit by surface run off
isee Fig. 11.5B), The inlet pipe may be taken down a depth of 90 cm from
the top a8 an antl-mosquito measure. Plustrations of typrcal constructions of
seepage pits are given in Fig. 11 5A3nd B

TABLE 2 RECOMMENDED METHOD OF DISPOSAL FOR

SEPTIC TANK EFFLUENT
{Claiise 11.8.1.)
Paosition of the Sail and Subsoil Conditian
Subsoil Water
Level from Ground Poruus Soll with Percolation Rate Dense and Clays
Lewel - Sall with Per-
Mot exceedlng  Exceeding 30 min  colation Rate
30 min hut not exceeding  Exceeding 60
60 min. min,

Within 1B0em  Dispersion rench Dispersion trench Biological filter
located partly located parthy partly or fully
or fully above or fully above above ground
ground leve! in - ground levelIn  level with under-
a mound amoind draifs snd the
effluent led inlo
a surface drain
or usad for
gardening
Balow 180 cn  Seepoge pll ot Dispersion trench  Subsuriace bilogi-
dispersion cal flter with
trench under-dralngand
the effluent led
into & drain ar
used for
gardening
Mote — Where the above mentianed methods are not feasible and where the
effluent has to be dischamed into open drair it should be disinfected.
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b) Dispersion trench — Dispersion trenches shall bie 50 1o 100 an dezpad
30 to LU} em wide excavated 1o 2 slight gradient and shall be provided with
15 to 25 em of washed gravel or enished stones. Open jointed pipes placed
incide the trench shall be made of unglazed earthenware clay or concrete

and shall have minimum internal diameter of 75 to 100 mm. Each dispenion

trench should nat be longer than 0 m ar) trenches should not be placed

closer than 1.8 m,

RS

MNLET —, TEHICH, BTTINE 0N
- CONC BLOCK LIFNG
=8 WITH BRY JOBTS
| B
t £
] —
E u
=
E T T i TIRHCK MIN
UITES CASING
1 = WITH COARSE
l AGGREGATES

Fig. 11. 5A Empty plt with linkng
~BFEOEK, STUNE OR CONC BEOCK

1158 Piewith filling without Iining
Fig 11.5. Typical lustratons of Seepage Pity
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The covering for the plpes on the top should be with coarse aggregate
of uniform size to a depth of approsimately 15 om. The aggregate above this
level may be graded with aggregate 12 to 15 mm to prevent ingress of top soi
while the free flow of water s no way retarded. Thetrench iy be covered with
about- 30 em of ordinary soil to form a mound and turfed over. Dispersion
trenches are not recommended in oreas whire fibtous roots of frees. or
vegetation are likely to penetrate the system and cause blockages. The finished
top surface may be kept af least 15 cm above ground level to prevent direet
floading of the trench during rains,

11.8.3. Despersion trenches

llustration of & typical soll absarption system through dispersion trenches is
given in Fig 116 .

BTONES OF UNIFDRM SI7F

FILLED [ISPERSICN THENCH

OPEN JOINTS
5
Fig. L 1.6, Typical Soil Absorption SeStem with

15700 35 e GRAVEL Ot CRUSHED

FNLARGEE BECTICN THROLUGH

EARTHENWAKE PIPES

A

5 TO 1080 mim o LI

Dispersion Trenches

T —

EARTHENWARE PIFE
11

78TO 1ihmm & UNGLAZED

GISTTELTION
CI{AMREFR
\

10Ckensm & PIFE
FROM

SERTIC TANE
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11.8.4. Inspetction — The work shoull be carefully Inspected at all siagesto
ensure that it |5 being carried our according to the recommendations of this
code

11.8.5. Testing — Befare the tank is commissioned for use, # should be
rested forwater-tightness by filling it with water and allowing it to stand for 24
hours. It should then be topped up, if necessary, and allowed 1o stand for 2
forther 24 hours, duringwhich time the fall In the level of the water should nal
be more than 1.5 ¢m.

11.9. COMMISSIONING OF SEPTIC TANKS

11.9.1. The sewerage systern should be complete and ready for operation
before conneclion is made to the building

11.9.2, The tank should be filled with water to its cutlet level before the
sewage is let into the tank. It should preferably be seeded with well digested
sludye cbtained from septic tanks or sludge digestion tanks In the absence of

digested shidge h small quantity of decaying arganic matter, such a3 digested
COMW :iung may be introduced.

11.10. MAINTENANCE

11.10.1. Desludging of Septic Tanks — Septic  tanks  should be
desludged periodically in accardance with the procedure given in 111011,
the Interval of the desludging depending upon the design of the septic tank
and the capacity In relation to the users. Desludging may be done when the
sludge level reaches a predetermined level

11.10.1.1. Arod. pole or any other suitzble means mey be inserted vertically
into the septic tank up 1o the battom to find the depth of the sludge. Sludge
niay then be removed untll its depth s reduced to about 25 mm from the
bottom of the tank; where more accurate quantities of sludge to be removed
are desired values given in col. 10} 1] 2nd 12 of Table 1 may be used for
guidance.

1L.11. LARGE SEPTIC TANK

11.11.1. Dimensions of Septic Tanks — Sizes and capacities of septic.
tanks are given In Tables 1 & 2 for quidance. Table 1 gives the dimensions of
sepiic tanks suitable for housing colonles for use of 100, 150, 200 and 300
persans; Table 2 gives the dimensions of septic tanks sultable for hostels and
boarding schools for use of 50, 100, 150, 200 and 300 persons. The main
assurtiptions on wiich these talies are based are gven in Appendix B.
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TABLE 3 RECOMMENDED CAPACITIES AND SIZES OF
SEPTIC TANKS FOR HOUSING COLONIES

{Clause 11.11.1)

No.of Length Breadth Liquid Depth  Liguid Capacities Distance

Llsers L B (D for Stated for Stated of the
Interval of Interval of Fartition
Sludoe Sludge Wall
Withdrawal Withdrawal from the
il Inlet

Oneein Oncein Oncein Onceln  End
aYearor 2 Years aYesror 2 Years

Less Less
(1) 12 14 () (5] (6] (7 (&)
m m i m rid m? m
100 i) 2R L 1.04 224 233 b
150 10.6 2.7 1 115 286 3249 %
200 124 a1 | .15 x4 442 83
300 146 39 1 115 569 65.5 b 57

TABLE 4 RECOMMENDED CAPACITIES AND SIZES OF
SEPTIC TANKS FOR HOSTELS AND BOARDING SCHOOLS

(Clause 11.11.1)
MNeoof  Length  Width Liguid Depth  Liquid Capacities Distance

Lsers L B () for Stated for Stated of the
Intervals of lntervals of Partition
Sludge Shadge Wall
Withdrawal in Withdrawalin  from the
Muoiiths Months Irsbeet
- End

Oncein Onee In Onecein Once In
aYear 2%Years aVYear 2 Years

(1) 2 13 ) {3 e (71 (&)
m Im m T m .mﬂ- m

all o 16 1.3 14 104 1.2 Rk
100 a7 2.1 14 1.7 168 204 38
150 ¥ 24 14 1.7 258 3l4 52
2041 8.9 o 14 17 336 414 6.0
300 107 33 1.4 5 495 60.0 T2

TLILLL. A detention period of 24 to 48 hours is usually available based an
the average daily flow of sewage, It may, nowever, be noted that the average
daily flow varies considerably from one installation to another and the detention
period should not be considered as a criterion for design of septic tanks.
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Note 1 — A botiom slope of 10 percent or more towsrds the itlet i
preferred.

MNote 2 — Provision for desludyings made hydraulically.

MNote 3 - For dimensions L, Band D, see Tables 3 and 4

MNote 4 - Where inlet is located much below ground level only
manhoke shall may be ralsed above the ground level

11.12. DATA FOR SANITARY WORKS

Quantity Description of Wark

11121, Supplying and fixing in position the following Cast fron Soil Specials
with necessary lead caulked joints and hemp yarn including dismantling the
masonry or RCC or llor and making good the dismantled portion including
painting the specials with 2 coats of paint and the specials fixed in position

I No, {u) Cost of single or double Tee or Y junctions or ecwl.
0.5 No, Plumber 181 Class
(.25 Ng, Mazdoor
I§ Dismantling, making good the dismantled portion, pairt, ete
I.5. Sunidres lor lead, Hemp vamn etc. for joint,
Tenal
1 Noy () Cost of Cast lron Bend
0.5 N, Plumber 1st Class
LS Dismantling, making good the dismantled portion, paint etc.
IS Sundries lor Lead, Hemp yarn for joints.
Total

11.12.2. Suppling. laving and jolnting glazed Stonewars pipes with spigot
and socket entds 10 dey eondition with spon varn and cement joints including
necessary ggrthwork excavallan to the required depth for trenches Including |
sharting and strutting ond relllling the same, laying pipe in true aligiment and
gradient and giving required water supply fests with necessary tools and plants

elc. {a) 10U mm dia Staneware Plee.

{a) Rate lor 30 Metres
30 Meires Cost ol 100 mim dia Stone-ware Plipes.
1.5 Earthwork excavatian
45 Ko Cement for 50 joints
04 m? River Sand for 50 Mortar Joints
363 Kgs. Spun yarm or amed yam

2 Nos. Masun 1st Class

1 No, © Fitter 2nd Class

5 Nos Mazdoors

2 Nos, Mazdoors

L5 Testing, Charges including conveyance of water, ool and
plant et

LS Refilling, shoring, stiutting, allgnment, levelling e

lor 30 Matris Total Rate per medne



30 Metres

68Kag
007 m*
545Ka.
3 Nos.

£ Nos.
B Nos.
3 Nos
LS

L5

A0 Maetres
LS

104 Ky
010 m?
8.17 Kg.
5 Nos,

3 Nos.

T Nos.

5 MNaos
LS

1.5

Banitory Enginearing X9
(b} 150 mm dla SW. Plpes

Cost of 150 mm dia stone-ware pipes

Earthwork excavalion

Camaent for 50 jaints

Bwer Sand for 50 mortar ointy

Spun varn or tarred vorn

Mason 1st Class

Fitter 2nd Class

Mazdoors

Mazdoors

Testing charges including conveyance of water, toois and
plant ele

Refilling shoring, strutting, alignment levelling, eic
fer 30 Metres Total

Rate Per metre.

e} 230 mm Dia Stone-Ware Pipes:

Cost of 230 mm dia Stone-Ware Pipes
Earthwork excovation

Cement for 50 Joints.

River Sand for 50 Moriar Joints

Spun yam or tamed vam

Mason 1=t Class

Fitter 2nd Class

Mazdoors

Mazdoon

Testing charges including convevance of water, Tools and
Plants eic

Refiling. shorting, strutting levelling etc.

For 30 Metres Tolal
Rate Per Metre

11.12.3. Supphking and fixing in position qlazed stone ware pipe specialssuch
¢ Bend. single or Double Y™ junctions with spun yarn and cement joinis
including necessary Earthwork-excavalion for trenches including shoring, sirutting
and refilling the same, curing etc., laying o proper gradient and giving required
water supply tests with necessary tools and plant etc

1I'No

1Mo
.25 No,
1.5

LS.

Data for 1 No.

Cost of Slone-ware bend or single or Double *Y™
Junction of approved guality

Spun yam and cement joint

Plumber 1st Class

Earthwork excavation, refilling. alignment, levelling etc.
Testing charges with water, tools and plants etc.
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11.12:4. Supplying and likng m positon Indian Type Water closet of st
58 (23") white ‘glazed Earthernware with “P* or “S” trap and a pair of
porcetain foot rests with sand cushion and lurming flooring alround the water
closet, using 40 mim broken brick jelly in lime concrete 1 -2 -5, 10 em thick,
and plastered in CM. 1 : 3, 20 mm thick, and giving necessany connecticrs it
C1 Stacks eic

Data for 1 No,
1 M Cost of Indian Water Closet 58 cm size of white-glazed
Earthenware with “P" or “5" trap
1 Pair Cost of Porcelain fool ress
02 m? Brick jelly Concrete n1L.M 1:2:-5
05m? Sand filling
L10m® Plastering in CM, 1 3, 20 mm thick
(L5 Na. Plumber 1st Class
(0.5 Na, Mason 151 Class
1 Mo, Mazdpor
LS Sundrics for linshing etc.
Total

11.12.5. Supplying and fixing in position Cast fron High Level fushingtankol
3 gallens capaclty Inchiding all internal fistings on C.F brackets with pull chaln
12 mm lead and brass connection, 12 mm G.M, Whael vake. 32 mun leadd o
G fush pipe antl painting with 2 coats of paint inchuding dismantling masonmy
and re-doing the same to the origingl condition complete. '

Data of 1 No.
I No Cast of High flushing tank of 3 gallons capadity
I No, Cost of 12 mim lead and brass connectlon,
1 Pair Cost of C1 brackets
1 Na. Cost of 12 mm G.M. Wheel valve
1 Na T Cosrof 32 mm lead or G flushpipe
B Nos Wooden plugs,
1 fitre. Anti-currosive paint of approved quality
{15 No: Plumber Lst Class,
0.5 MNo Masom 15t Class
)5 No: Mazdoor
(.25 Mo, Painter
152 Sudiies for denantling re-dolng finlshing: crman, sand
grit ¢lc, clamps, strews el
Tatal

11.12.6. Supplying and fixing in position wiite ghezed Furopean water closet
with "P" trap and doutile flapped sest cover. 3 gallons capacity porcelatn Low
Level fushing tank mncluding all Internal fitings fived en C.L brackers 12 mm
PVC or beass conneetion. 12 ann G.M. Wheel valve, 12 mm brass: nippls;
chromium plated brown headed stop cock 12 mm in mvion connection with
niecessary T.W. plugs. Clamps and screws to the portion coming with walis and
floors, Including dismantling masonmy and redoing the same 1o the orginal
condition.
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Diata of 1 Mo

I'No.  Cost ol white glazed European water closet with “P” trap
Double flapped  sear cover 3 gallons capacity Low Leved
fiushing tank of approved qualin.

1 Pair. Cost of Brackets.

1 Mo Costof 12 may GM. Wheel valve

1No Costof 12 mm PV.C or lead bras: connection

I No. Cost of 12 mm brass Nipple.

1 Na. Cost of Chromium' plated brown headed stop cuck 12 mm

i1 Nos. TW. Plugs for flushirg tank.

0.5 Mg Mason 1st Class

| No. Plumber 1st Class

L5  Sundres for dismantling, redoing fimishing. cement. sand,
grit, clamps screws.

Total

11.12.7. Supplying aml fixing in position Indian Make White alazed Earthern
ware lipped mouth or flat back lipped urnal with 32 mm bell mouth PYC o
lead waste pipa. 12 mm PVC or lead and brass connection: 12 mm (.M,
Wheel valve and-ixing the wrinal in positon with pecessary. TW, plugs,
Clamps. Screws. White lead ete., including dismantling masomy and rédolng
the same to the ariginal condition

Daeaf 1 No,
1 No, Cost of best white glazed earthenwari Ipped mauth or flat
lipped urinal of approved quality.
1 No. Cost of 32 mm Bell mouth PVC or lead waste pipe.
1 No Cost of 12 i PVC or lead brass connection
1 No. Cost of 12 mum G.M, Wheel valve
05 No Plumber 1st Class.
0.5 Nob, Magdoor
LS Sundries for dismantling
Total

11.12.8. Supphling and fing in position Indian Make white glazed Earthern
ware Wash-Hand Rasin with a pair of C| brackets. 12 mm CP. Pillar tap.
32 mm C.P, waste Pipe rutiber plug and chain 32 mm PVC or leod waste pipe.
12 i PAVC or lead bress connection. 12 mm GM. Whes valve, 12 mm bross
nippée and giving necessary connedtions including cost of white lend, T'W
piogs. Clamnps. screws. rubber washers, paentng 2 coars of pant oaver lend pipe
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Data of 1 No
1 Na Cost of White glazed Eanthernware washhand Basin,
1 Mo Cost of 12 mm CP. pillar tap.
1 Pair Cost of .1, Brackets
1 Mo Cost ol 32 mm PVC or lead waste pipe
1 No Cost of 32 mm C.P. Waste Pipa
1 No Cost 0f A2 mm rubber plug and chain,
1 No. Cent of 12 mm PVC or |ead brass conneciion
1 Na Cost ol 12 mm G.M. Wheel valve
I Ne, Cost of 12 mum Brass Nipple
0.5 No. Fitter 2nd Class for fixing brackets
0.5 No Plumber 1st Class
(1.5 No Mason 2nd Class
1 No Mazdoor
025 No, Painter
LS Sundries for Paint, Cement, sand. grt, TW, plugs, screws;
washers white lead. eoc
Tl

11.129, Suppmg anud fxing in posilion diae roeke whille gtn;ud: Jefbe b
sink with a pair of C.L brackets, 32 mm lead waste pipe. 12 mm G.P, Pillar tap
with rubber plug and chain, 32 mm CP. Waste Pipe and [ixing the sink In
rposition with necessary TW. plugs, screws washers. white lead ele., Including
painfing 2 coats.

[Data for 1 No.
1 Ne, Cost of White-glazed kitchen sink
1 Pair Caost of C.1. Brackels
1 Nn. Cosl or 12 mim CFP. Pillat tap
1 Ne Gost of 32 mm Jead pipe
1 No. Cost of 32 mm C P. Wasie Pipe
1 No Cost of 32 mm Rubber plug and chain
1.5 Na Fitter 21d Cliss
05 Nao Plitnber 1st Class
0.5 No, Mason 2nd Class
1 Mo, Maicloar
0.25 N, Palnier
LS. Suridries for palnt, Cement, Sand, arit, TW. Plugs screuws,

washers, white-lead ete
Trtal
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11.12.10. Supplying and fixdng in pasiticn 150 % 100 mm stoneware gully
trap with C.1. double grating of stze 1560 = 150 mn and 230 % 230 mm at
batton and top respectively with necessang EW. excavation over o bed of lim:

concrete 1 : 2 : 5, 15.am thek using 40 mm size broken brick jelly, side walls
112 mm thick B.M.-1 1 5, using country bricks and plasiered both sldes with
CM. 13 12 mm thick including Jdismantling masonty works, and making
good the domiaged portions to the orginal condition and giving necessary

eonnections.

Data for 1 No.
1 Ne Cest ol 15 * 10 cm Sronware Gully trap.
2 Nos Cost 0lC.1 Cratings (Top & Bottom)

005 m? Brick Jelly Conerete in LM, 1: 215

€0.035 mn? Brick work in CM, | :5 using country brcks

040 m® Plastering In C.M. 1 ;.3 12 mm thick

0.75 Na. Mason 1sl Class for fudng

0.75 No, Mazdoor

LS Suridries for dismmantling. redoing giving connections etc.,

Tedal
lLl_z-ll, Supphying and fnang in position Cast tron floor or Nahni trap with

necescary C.| gratings including fixing with required brick jelly concrete and
finishing with cement plaster in CM, 1.3

Daia for L No
1o Cost of Cast lrot Noor or Nahnl trap
1 hNo. Cost 0l Gratings

{132 Ng. Mason 1st Class
0.33 Na. Mazdoor
LS Sundries for concrete, finishing with cement plaster exc.

Total

11.12.12. Suppling and fixing in position Indian Make bevelled edge mirror

of approved quality of size 60 cm % 45 om with necessary teakwond ply
backing. rubber buttons, CP sorews. plugs.

Datafor 1 Mo
1 Mo Cost of bevelled edge Mimor of size 60 = 45 em
4 Nos. Cost of Rubber buttons
4 Nos. Costof TW. Plugs
4 Nos. Cost of CP. Screws

033 No. Carpenter Znd class
0.33 No. Mazduoor
LS Sundries for TW. ply backing etc

Total
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11.12.13. Supplying and iing In position ndian Make Chromium plaied

Towel rail of 60 cm length and 20 mm dia with CP. brackets including fixing
with necessary TW. Plugs, C.P. Sarews and dismantling masonmy, and redoing
the same to the onginal condition.

1 No.

2 MNos.

6 Nos.
2 Nos.
.25 No,
0.25 No.
LS

Data for 1 No.

Cost of C.P. Towel rail 80 em. lang 20 mm dia.
Cost of CP. brackets

Cost of CP. Screws

Cust of TW. Plugs.

Carpenter Znd Class

Mazdoor

Sundries for dismantling, redoing et

Total B
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12.1. General Guide Lines:
12.1.1. Selection of wiring
The points to be considered are:

Durabliity - The wiring to be selected must be able to withstand wear and
tear due fo the action of weather, fuffles, dampness, atc

Safety : It & the most important point to be eonsidered. The sustem
selected should be such that even with poor warkmanship, no
dangeraus result may be produced,

Mechanical : Thewiring must be protected from damage of a physical protection
nattre. during its use in buiding,

Appearance: Appearance is an important consideration from the archltectural
paint of view.

12.1.2. Layout of wiring:

Power and heating wiring should be kept separate and distant from lighting
wirlng, All wiring should be done on the dismbution systern with main and
branch distribution boards at caonvenlent physical and electrical load centres
and withou! solated fuses. All conductors should be run as far as possible,
along the walls and near the ceiling so as to be easily accessible and capable of
being thoroughly inspected. I all types of wiring due consideration must be
given far neaimess and good appearance,

Balancing of circuits must be arranged belore hand, All runs of wiring and the
exacl positions of all points and switchboxes should be first marked on the
plart.

On eempletion of the work, a wiring disgram should be prepared and submitted
o the vwner. All wiring diagrams indicate clearly in the plan, the maih
switchboard, the muns of various main and submeins and the position of all
points and their controls: All circuits should be clearly indicated and numbered
in the wiring diagrams and all points should be given the same number as the
cireuit To which (hey are electrically connected

I estimating the current to be carled by any canductar, the Incandascent

larmp should be reted st 60 W, ceiling funs 100 W, 5A socket outlets at GOW!
and 154 socdket outlets at 100 W uniess the actual values are specified.
In-any systermn of wiring mo bere twist joints should be made at Intermediate
points in the through rurs of cables, undess the length of a final sub-circull or
submain or main i more than the length of the standard coll If any Jointing
becomes unavoidable, such joints should be made through proper cutouts or
through proper junction boxes, open 1o easy inspection

Al conductors, swilches and accessones should be of sbes 50 a5 o be capabie
of carrying the masdmum cumrent which will normally flow threugh them
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12.1.3. Caleulation of power, current and circuits

P=Vx] P = power in watls; V= voltage;
and I'= curren! in amperes.

The total power requirements shoutd] be caleulated after estimating the number

of light points, Tan points and the 5A socket outlet points.

Then the voltage should be determined. Le_whether it is single phase of 2200

or three of 440V,

Having determined the power and soltage the total current of the installation

can be calcuiated. | = P/ V. Once the current capacity is known the rating of

the main switch can be determined.

No circuit should have more than 8 paints amd the maximum power on these 8
poinils should not esceed 1000 W,

No. of circult ~ T@EIE— EON
Having found eut the number of cireuits. the distribution box can be designed.

12.1.4. Types of Wiring
12.1.4.1. CT.5. (Cotton/P.V.C., toughened/Sheathed) Wiring

The conductor is prowvideed with insulation which Is not water-or heat-proof.
Over the insulation of the conductor a tough rubber (nowadays PV.C.) sheath
b5 provided for additional insulation and protection againsl wear, tear and
moisture.

This type of wirlng is sultable for damp circuits, but cannot sustain much heat
and Is nat sultable for places in very hot weather. There ks also the danger of
mechanical hazard. It is also not suitable for outdoor wiring, i should not be
exposed 1o direct sunlight and areas where there are cormosive acids or alkal|
fumes.

12.1.4.2. Conduit Wiring

In this system wires with single insulaion are used The wirés are fun in
steel/PV.C. conduits giving good protestion fram mechanical Injury ar fire
risks This type of wirlng ls used {or industries.

12.1.4.3. Concealed Conduit Wiring

This system & the same as concuit wiring excepl that the conduits are buried in
the chitse made on the walls. This sustem is used where aesthetics is the main
consideration and not the addittonal cost of condul,
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12.1.5. Earthing i

fis the earth potential i taken as zero for all practical purposes, any electrical
appliances when conneded to earth attain zerv potential and are said to-be
“earthed"”. The voltage of these earthed appliances will fall or increase to zero
if thelr voltage s higher or lower respectivehs than the earth potential,

Uses of Earthing

(il To save human IHe from the danger of shodk death in case it comes in
eontact with a charged frame due to any fault leakage curment

{ii) To maintain the line wollage curment
tii) To protect large bulldings from atmospherie lightning
{iw) To protect all machlnes fed from overhead lines.

The resistance of the earthirig system depends upon:

{il Soil condition.

() Temperature of the soll.

(i) Water contents of the soll

(v} Spading and sizing ol earth electrodes.

(v} Depth at which the electrode is embedded,
(vi) Material of conductar,

Types of Elecirodes

Plate earthing: In this system the earth wire is bolted to the sarth plate made
up of coppersize 60X 60 cm % 318 mm (2 ¥ 2 < |}") embedded 3 min the
ground. The efficiency of the system iricreases with the increase in area of
plate, & and the depth of the embedding. The earth wire is dravwn through a GL
pine fitted with & cap on the top through which salt water is poured in the oit
from time to tme for efficient earthing

Pipe earthing: Trt this-system of earthing a Gl pipe of 30 mm dis: and 2 m
length s embedded vertically in the grourd to work as an earth electrode. The
earth wire is fastened to the top section of the pipe above ground level. The pit
area around the G1 pipe is filled with sall and coal mixture for improving the
efficiency of the earthing system,

12.6. TESTING AN INSTALLATION

Insulation tests must be made with's D.C. witage at least twice the declared
voltage, bur not necessarily exceeding 500 volts. The most conveniant rmethod
15 tor use a 500 volf testing sei of the “Megger™ tvpe.

Test to Earth — This ls made with all fuse links in place, all switches o, and all
lamps in position. The result must be not less than 50 megghms divided hy the
number of otlets, |.¢, points and switch pesitions, except that it need not
exczed 1 megohm for the whaole (nstallation.
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Control rheosmts, heating and power applisnces, and electric signs may, if
desired, be disconnected for this test, but if so, their insulation resistances
must, i each case be not less than that given In the approprate Indlan
Standard Specification, or, where there is no such Specification, be not less
than halt a megohm.

Test between Conductors — Where practicable, & test should be made betwesn
all the conductors connected to one pole or phase conductor of supply and all
the conductors connected to the middle wire or total or the other pole or
phase conductors of the supplhy.

For this test, all lamps should be remaoved and all switches on. The result.
again, smust be 50 megohms diuidﬁ_zd by the number of outlets, Le., points and
switch positions, but need exceed 1 megohm for the whole installation

Leakage at cable ends is one of the commonest causes of low readings: all
stray ends of cotton thread should be carefully removed when connecdting up
to switches, celling roses, eto.

Polarity of 5.P. Switches — Tests should be made to verify that all nan-linked
SP. Switches are on an auter or phase conductor and not on the neutral or
earthied conductor,

Earth Continuity Test — In the case of cables encased in metal, whether
conduit or metallic sheathing the total reslstance of the condult or sheathing
from the earthing point to any other position in the completed Installation shall
riot be mare than 1 ochme

12.7. HP. OF MOTORS

One hose-power — 550 foolpounds persecond — 33000 ft [b. per minutes
— 746 KW — 746 watts.

Brake horse-power is the net etfective mechanical horse: power available at the
puliey or coupling of 2 motor,

L., the actual horse-power available after all losses in the motor tself have
been deductacd,

power output

[rewer input

The power factor is usually aken at 0.8 (as an all-round fgure) but this varies
with the slze and speed or motor.

The efficiency of a motor 1 —

The efficiency varies from 85 per cent, in small motors to 90 per cent. and over
in large motos.

The current required 1o supply a three-phase motor at full load
Brake horse-power = 746 = 100
1.732 % E = % efficiency of motor * power factor
where E is the volicge betiween phases.
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I"Jl-‘n-h: motor are raved in fwo waye — confinuous rating and shomr fme
rating. Unless otherwise stated, the rating s continuous. But in the case of
and crane motors. which work under intermittant service, and where
heawhdrafts of current ane following by consting or stand-still which allow the
mator 1o cool, the short fime rating is also stated.
This short-time rafing is usually the horse-power the motor is built to deliver for
ong enly, without danger.
For instance, a railwsy maotor with 50 hop. short time rating will deliver 50 hop
for one bour without dangerous lemperature rise. but might be good for. say,
only 30 hp. continuously

Simiblariy, whee 8 200 bop. load, sy is o be handled only secasionally. and for
short periods. a much smaller motor than 200 hp. continuous rating is wsed:
and, in such a case. the motor is given & short-time-rating such as 200 hup. for
ter minates. From this  follows thit the slze of cable tequired to supply a
motor also depends on the rating of the motor, (2., on the continuous or
imtermitienil nature of the lood

12.8. VOLTAGE DROP

The LEE Regulation 304 limits the voltage drop at normal full load in lighting
wirewits o 1 vol. 2% of the supply voltare, between comumers’ temminak (or
maln busbors and any point on the imstallation. The spproximate drop i1
average chioulls such as lighting and domestic heating loads may be foynd as
follows. neglécting incressed resstance due o lemperature tise:

DC and slrigle Phase AC, Two wire clrouits.
Drop — curment % tolal resistenoe of cables, lead and rewrn.

= 2 IR, where | = current and R " Resistance of and canductor only (not lead
and retum )

12.9. REFRIGERATION

In goneral refrigeralion i& defined 2s any process of heat removal Mote
specifically, refrigeration is defined as that Branch of Science which deals with
the process of reducing and maintalning the temperature of a space or
material below the'temperature of the surroundings.

Refrigerating and Heatng are actually cpposite end of the same process.
System Capacity: The apacity of any refrigerating sustem is the rate at which it

will remove heat from the refrigerated space and & usually stated in 'Ber’ per
hour or in terms of its ke melting equivelent:
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Factors depending on are

(1) The weight of the refrigerant circulated per minute.
(2] Refrigerating effoct of each pound circulated,
ITR, = 12000 Ba/hr. or 200 Bty per min

{T R. means refrigesaling capacity in tons]

Compressor Capacty; In any meckanical refrigerating sistem the n;pll:ﬂy al
{he compressor must ba such that vapour i drawn from the evaporatar at the
same rate thal the vapour i produced by the boling action of the liquid

refrigerant

Refrigerant. A refrigent is a body or substance whichacts as a cooling agent by
absarhing hant from another body o subsiance

Important Refrigerants :

1. Ammenia:z HH,

2. Salphur Dicade:; S0

3. Carbon Moxide: (e

4. Refrigirant — 11: CCLsF
5. Relrigerant — 12; CCLaF2
6 Rafrigerant — 22- CHCLF»

— Roy J. Dossat,

12.10. AIR-CONDITIONING

Air-conditioning is defined as the simulianeous eontrol of termperature. Fumidity,
aframotion and alr purity In any gived space.

Winzer alr-conditioning, summer air-conditioning, and omplete air conditioning
are snmi of the process when consldering alt- conditioning for comfort

An air-conditioning sstem consist essentially of a fan or a blower, which mixes
some fresh put door alr ar 2ame alr from the spaca to be conditfoned and
{orces the mixers fhroagh & series of devices which act upon the alr (1) lo clean
it (2] to mcrease or degresse its temperature and (3), 1o increase or decresse
the water vapour conient in humibdity of the air. The ar-motlon in ths room s
caused by the jet of the air-emanating from the conditioring sustern is beneficial
because of lis exhilarsting eifect upon people
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12.11. WATTAGE OF VARIOUS ELECTRIC
\  DOMESTIC APPLIANCES

|
\

Wnt'h'f

o0 |

1,000

1,500
T00 and 1.000

1,000

500

1,500 and 1,800
2.200 and 2,500
1,500

L500

30

B0 1 100

6,500 1o 7,800
1200 and 1,600
100 to 160
1.500

150

500

150 to 300

300

6,300

Water heater
1,200 and 2,000
2,000 and 4,000
4,000 and 6,000
4,000 to 6,000

Name of appliances
Claothes diyer {centriuge)
Electric shaver

Floor polisher

Hair dryer

Heating pad

Heating screen

Hotplate, single
lmmersion heater

lron, autnmatic

lron, non-autematic

-

lroning machine

Miniature range

Radiant heater (elec. fire)
Radiator, hot-water

Radin, single-circit

Radio, superheat

Range, kitchen

Huapld cooker

Refrigerator

Roaster

Television set

Toagter

Vacuuwm cleaner

Washing machine, without heater
Washing machine, with electric heater

small, 8 litres
medium, 15 fires
large, B litres
large, B0 htres
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12,12. RECOMMENDED LEVELS OF
ILLUMINATION FOR INTERIORS

Maan

intensity of
it Kind of rooms and waork

bt

Schools:

120 Auditorlums, music rooms, gymnasiums
250  Chemistry and physics laboratories
250 — 600 Ast rooms, needle - work rooms

Sales Booms:
120 For bright-eoloured goods in small cities
250 For bright-coloured goods in large cifies
00 For dark-colotired goods in large cities
Hormes, Hotels etc.:
120 Living; music and hotel rooms, restaurants
120 — 250 School work, writing
250  Meedlework

Work shops
60 Blooming mills, forges, sawmills, chemical baths
120 Moulding. turning, dyeing, printing
250 Sarting, spinning, otfice work
2500 — 600 Inspedion, checking, weaving, knitting, drawing
4000 Cutting precious stones, invisible mending
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-13. ESTIMATED CURRENT RATINGS OF
CABLES SHEATHED WITH TOUGH

\
\

1

Elertrien] Engmesrtng Xns

RUBBER.

(Twin 3 & 4 core)

C(mtimimni_ ﬁn'renl raiings

Alurninium condudor

g8 Bd  wae.d
By eTg S§gl
3 358 zrds
So Ea S82a
1/.004 5 5
3/ 029 10 8/7
3/.036 15 10/11
17064 = 2
/1029 20 15/14
oy 27 19
7/ 036 78 20
2 34 24
7/.043 36 25
7/.052 43 30
7/ 064 53 a7
I 59 42
19/.044 62 43
. 69 48
19/ 052 74 52
¥ g1 62
19/ 064 97 658
10/.072 115 78
= 118 82
. 135 94

Area mm?®

70
95

Stono mm,

1/140
1/1.80

1y224
1/1.80

1/3.55
TALT0
7/2.29
7250

7/3.00
19/1.80

197224
19/250
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-15. SCALE FOR THE PROVISION OF ELECTRICAL

NGS IN GOVERNMENT BUILDING
on GO M No. 732 W, dated 25th March 1966)

12.15.1. Non-Residential Bulldings

12.15.1.1. Provision of Fans

Description of Bulidings
al Officein General:
(1) Coffice-

(il f3azatted OFficer in his mom

bl COURTHALLS
{i) Das
[} Bartable

{iil} Presiding Officer’s retiring
THOMm

[} Sheristadars room or Head
Clork's mom
¢l HOSPITALS
{1l Wards
{8} Mursee’ dury room

(i) Single bedded operation
Theatre

(vl R Ray room
v Park room
vl Blood bank

{vii] Opthglmic and ENT dark
oo

(vt} Dining halk, Toans,
special ward with single bed,
di=spensan: eic

SCALE PRESCRIBED

Une celling lan 567 sweep for every
300 syfe One celling fan of 48"
weeen for every 200 sq.ft and one
ceifling fan of 36" weep for isolated
area of kess than 200 s L imespective
ol the pumber of petsons working
therain

Ona cetling fan of 487 or 56"
depending upon the skee of the rain

Ona cafling fan of 487 Sweep,

One ceiling fan of 48" sweep lor
every 4 pemons, the fans being
provided at not loss than 8 it centre
Io centre.

One celling fan of 48" to 567 sweep
depunding on the floor area.

One celling fan 458" swoep,

One 56° sweep fan for every 4 buds
O culling lan 48" or 567 sweop
depending on the loor area of the
room,

Ton cailing fans of 487 sweep and
two exhaust (ans of 127 sweep,

One exhaust fan and one ceiling foy
slee depeornding oo the Noor ane
One exhaust fan and one celling fan
sixe depending on the floor area.
One celling fan e depending e the
floor nraa,

Chie culling fan swe depending an the
floar area,

One cefling fan of 487 sweep for
every 200 sg.l or one ceilting for 56"
sweep for every 300 4.t
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) EDUCATIONAL. TECHNICAL OR RESEARCH INSTITUTIONS

i) An  individual  Gazetted
Officer

() Lecturer & Tecture Hall

{lil} Common room ol profes
ors lecturers and Assistants

{iv) Class rooms Lecture Halls,
Demonstration halls ete

(v] Laboratories, Store
and workshops

rogm

HOSTELS
[a1) Dining hall.

[B) Commaon raom

{e] Warden's room

One celling fan 48" or 56" sweep
dependding upon the stze of the room.
Oniie cetling fan 56" siveep.

Cine celling fan 56" sweep for eveny

300 syt of foor aron,

One eelllng fan of 56" for every

300 sepfr. floor ares for one celling

tan of 48" swaep lor every 200 soft

floar area.

{s} One ceiling fan of 48" or 56"
sweep depending on the floor
ares,

(bl One exhaust fan of 18" sweep
for every 200 sqft depending

upon the cubical cantents of air to be
evacuated,

One celling Tan of 56" sweep for
evary 10 parsons o part thereof

One fan of 56" sweep for every
2000 sq.ft. of Mooy drea

One fan of 48" sweep,

te} LABOHATORIES OR WORK SHOPS IN GENERAL

fl INSPECTION BUNGALOWS:

tH Carnron room
L} Each sult
gl POLICE STATION:
The reom occupled by the
Inspector of Police.
ki JAILS
{i] Office roam of the Superin
tendent, Central Jail, District
Jatl, or Borstal Instiltition or

Superintendent of Approved
Schooks.

(a} One ceiling fan of 48" or BG"
sweep depending on the (loor
area,

th] One exhaust fan of 18" swoep for

avery 200 sq.fi. depending upon
the cubical contents of air 1o be
evacuated.

One celling fon of 56" sweep.
Oni ceiling fan of 56" sweep.

One celling fan of 48"

One celling fan of 48" or 56" sweep
depending upon the Hoor aren
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12.16. ELECTRICAL STANDARD DATA IN
COMMON USE

12.16.1. (5.D.4) Wiring with 2.5 sg.mm. PVC. SC. AL Cable on
TW. fillets for lights.

For 4 Points

90 mits. 2.5 sg.mm. PYC sheathed S5C aluminium cable.

4 pkis, Link cltps 1% 7 {44 mm)

45 mts.  TW Allets 4" {13 mm < 13 mm)

100 gms  Brass panel pins

75 New TW plugs 116" X Ti™ % 3" (38 ¥ 25 X 19 mm}

Ly gross HBrass screw 1'% " {44 mm]

4 Nos. 5 amps, SP switches

4 Nos. 2 way ceillng roses

8 Nog. TW round blocks 3% "

1 phe Distember

1/6bag  Cement

Masonry works and transport charges and sundries such a< TW bends, comers
1% " screws and pipes eto
Detailed labour: Jointhy da 4 points per day

1 Mo Maistry

2 Nos. Wiremen Gr. |,

3 Nos. Helpers

2 Nos. Wiremen Gr. [l

12.16.2. (S.D.8) Wiring with 2.5 sq.mm. PVC uhulhe::l AC, cable
an TW. fillets for fans with 1 No. 5 amps SP switch.
For 4 Points

a0 mits. 2.5 sy mm, PVC sheathed SC Alu. cable.
dpkis  Linkclips 1%

45 mis TW fillets 4" (13 mom % 13 mm)

75 Mos. TW plugs 1%" = 17 =}

100 gme.  Brass panel pins

4 Nos. TW board 12" * 8" 131 ¢m = 20 el
4 gross Brass screws 14" No. 6

4 Mo, 5 amps. SP switchies

4 Nog. 2 way cefling roses

4 Nos TW mound blocks 34"

I/6bag  Cement

1 pkt Disternber

Masonry work and sundries such as TW Bonds cormers, screws, pipes VIR
leads etc.

Lahour detailed 25 in Data 1 above.
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12.16.3. (S.D.10) Wiring with 2.5 sq.mm. PVC, sheathed AL cable
on TW. fillets for 5 amps. 3 pin CS. plug non-interlocking S & F the
plug pin on a suitable TW. board (6" X 4" X 2%") and with
continuous earth wire connection by 14 SWG. TC wire.

Materials & labour for § points

90 mis 2.5 sg.mm. PVC sheathed SC alu cable

4 phts. Link clips 1%"

45 mis. TW fillets 1" > 1"

75 Nes. TWophags 15" % 1" X §"

100 gms.  Brass panel pins

Yagoss  DBrass screws 1™

8 MNos. TW oy X6" 2 47 X 2"

! pkt Distember

B MNos. 5 amps 3 pin [non interlocking plage parcelain base with pin)
1/6 bag Centen|

1.35 kg, 14 SWG TC wire
Masonny works and sundries as detalied

Detalled labour: Jointly do B plug points per day
1 Ne Maistry

2 Nos. Wiremen Gr |,
3 Nos. Helpers
4 Nos. Wiremen Gr. IL

12.164. (S.D.14) Wiring with 2.5 sq.mm. PVC unsheathed AL
SC. cable in suitable conduit pipe for lighting with continuous
earth connection by 14 SWG. TC. wire.

Materlals & labour for 4 points

O mis. 25 sqgmm. PYC unsheathed SC cable
45 mis, Caonduit pipe 5/8" [heavy guage)
150 Nos:  TW plugs 15" < 17 % 10"
75 Nos. Saddles 5/87
1 gross Brass screws 17 No, 6
B Nos. Conduit bends 578"
4 Nos. Conduit tee 5/8"
4 Nos. 5§ amps. 5P swdtch
4 Mos, 3 way ceiling roses
1 Nos. MS ~  duit round box
5 Nos. M., Lintbox 4™ X 47
1/6 bag Cermant
136 kg 14 SWG TC wire
Sundres



12.16.5. (5.D.20) Wiring with 2.5 sg.mm. PVC unsheathed AL
cable In suitable conduit pipe for fans with 5 amps. SP. switches
with continuous earth wire connection by 14 SWG. TC, wire.

Materials & labour for 4 points

590 mis 2.5 sy.mm. PVC unsheathed SC cable
45 mits. Conduilt pipe 5/8"
150 Nos. * TVWplugs 1%" % 1" % "
7o Nes.  Saddles 5/8"
1 gross Brass screw 1"
B Nos. Condutt bends 5/8"
4 Mos. 3 way ceiling rose
4 Nos, Conduit tees 5/8"
4 Nos. MS box 127 %X B™ X 4"
4 Nos, Conduit round box
4 Nos. 5 amps. SP switch.
I/'6bag Cement
1L35ka 14 SWG TC wire
Sundries
Deetailed Labour: Jolntly do 4 points per day
1 Nu. Maistry
2 Nos, Wiremen Gr. L

3 Nos. wiremen Gr. [l
4 Nos Helper

12.16.6.. (S.D.23) Wiring with 2.5 sq.mm. PVC unsheathed AL
cable in suitable conduit pipe for 5 amps. 3 pin plug including S &
F the 5 amps. 3 pin plug with continuous earth connection by 14
SWG. TC, wire,

Materials & labour for 8 points

90 s, 2.5 sg.mm PVC unsheathed SC cable
45 mts Conduit pipe 5/8"

150 mts. TWplugs 136" > 1" % "

ThMNos Saddles 5/8"

1 gross Brizss scraw 1"
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8 Nos. Caondult bends 5/8"
4 Nos. Canduit tees 5/8"
8 Nos. MSbox 6" x 4" x 3"
1/6bag cement
8 Nos, 5 amps. 3 pin CS plugs
136kg 14 SWG TC wire
Sundries
Detalled tabour: Jointhy do 8 points pur day

1 No. Matkemy
2 Nos. Wireman Gr. L
3 Nos. Wiremen Gr 1L
4 Nos. Helper

12.16.7. (8.D.27) Wiring with 2.5 sq.mm. PVC unsheathed AL.
Se. cable in suitable PVC rigid pipe for lights.

Materials & labour for 4 points

As per data 12.16.4. Complete Material & labourl

|.ess:

45 mis. Conduit pipe 5/8"
8 Nos. condoit hlmdﬁ b/8"
4 Nos. Conduit tees 5/8"
5 Mos, MS joint box

4 Nos. MS box

135 kg 14 SWG TC wire
Labour charges Less 1/3 of Data 14

Add:

45 mis, PVC plpe 5/8”

B Nos, PVC bends 5/8"

4 Nos. PVC bends 5/8"

hNos. TW box 6" = 4"

4 Nos. TW box X 47 %47

12.16.8. (5.D.34) Wiring with 2.5 sq.mm. PVC unsheathed SC.

AL cable in suitable PVC rigid pipe for fans with 1 No. 5 A.SP.

Materials & labour for 4 points

Rate as per Data 12.16.5. — Complete material & labour
Ligss:

45 mt= Conduit pipe 5/8"

8Nos  Conduit bends 5/8"
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4 Now Coandull round box
4 Nos, MS box 12" % B
135kg 14 SWNG TC wire
Lous 13 of labour charges ol Data 12. 165
Add;
45 mus, PVC pipe 5/8"
H New PVC bends
4 MNos. PVC end box
4 Nos. TWhox 12° % 87 x 2%
12.16.9. (S.D.37) Wiring with 2.5 sq.mm. PVC. unsheathed SC.
AL cable on suilable rigid PVC, pipe for 5 A. Pin CS, plug including

S. & F. plug pin in TW. box with eontinuous earth connection by 14
SWG. TC. wire.

As per 12.16.6. — Complete Material & labour

Materials & labour for 4 polnis

Less:

45 mis, Conduit pipe 5/8”

B Mos Conduit bends 5/8"

4 Nos, Conduit pipes 5/8"

£ MNos. M5 b -

Add:

45mts.  PVC pipe 5/8"

8 Nos PVC bends 5/87

4 Nos. PVC tees 5/8"

A Nos. TW bax

Less 1/3 labour of Data 12.16.6.

12.16.10. (S.0.45) Run of 2 of 6 sq.mm. PVC. sheathed ALSc.
cable on TW fillets for mains with continuous earth connection by
14 SWG. TC wire. Marerials & labour for 9% motres run of 2 of
Gsg.mm.

Materials & labour for 90 meires run of 2 of 6 sg.mm.

180 mts. 6 tq.mm PUC sheathed SC, Al cable

90mts.  TW fillets %" (19 mm %13 mm)

150 Mos.  TWplogs 1%7 > 1" % ¥~

B phts. Link elips 2" (51 mm|

150 gms.  Brass panel pins

1 gross Brass screws 14 Mo, 8

2 pht. Desternber

27kg 14 SWG Tinned Copper bnding wire

1/3 bag Cement
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Masoniy work and sundries such as screws, pipes, comer pipes,
joint boxes etc. as detalled below,

Labour Nas.: Jointly do 90 metres run of 2 of b sg.mm. for mains per day.

1 No. Malstry

2 Nos. Wireman Gr. |
2 Nos, Wireman Gr, ||
3 Nos. Helpers

1 No. Carpenter

12.16.11. (S.D.48) Run of 2 of 6 sq.mm. PVC. unsheathed AL.SC.
cable in sultable conduit pipe for mains with continuous earth
connection by 14 SWG TC. wire

Materials and labour for 90 metre run of 2 of 6 sq.mm.

180 mts. B sgmm PVYC unsheathed SC cable
90 mis. Conduit pipe X" {19 mm)
1 gross saddles %"
300 Nes. TWopplugs 1" % 57 % 1%"
1 grass Brass scrows 117
1/3bag  Cement
2.7 has. 14 SWG TC wire
Sundries and masonry work
Labour charges {as per Data 14 X 1.5 times)

12:16.12. (S.D.59) Run of 2 of 6 sq.mm. PVC unsheathed SC. AL
cable in PVC pipe for mains with continuous earth connection by
145WG TC wire.

As per Data 12.16.11.

Materials and labour for 90 metre run of 2 of 6 sg.mm.

Less: 90 miz conduit pipe K"

Less: Labour charges for conduit widng In Data 48

Add: 90 mis. PVC pipe X"

Add: Labour charges for PUC wiring (25 per Data 27 ¥ 1.5 times)
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12.16.13. (S5.D.66) Run of 2 of 6 sqg.mm. WPSC. AL. cable on
bearer wire for mains with angle iron upright,

Materials and labour for 90 metres run of 2 of 6 sq.mm. for mains

180 mte.  6sg mm WPSC 250 V. Grade
dkg 7/20 as bearer wire

5 mits. Gl pipe 1" (25 mm)

5 mis. Anglefron 118" X 1%" 4" or 17% kg
180 Noa.  Reel Insulator

2 Nos Gl Bends 1™

Labour Nos.: Jomtly do 90 metres run of 2 of 6 sq.mm. for mains per day.

1 MNo, Malstry

2 MNos. Wireman Gr. L,
2 Mos. Wireman Gr. [L
3 Nos. Helpers

1 No. Plumber

12.16.14. (S.D.70) Supplying and fixing El shade and 40 watts
bulb for BH point.

Materials and labour for each fixture
1 No, El shade
1 No. 40 Wait bulb

Sundries

Labour as below/ 20

Detafled labour : Jointly do 20 fadures per day
2 Nos, Wineman Gr. [1.
2 Nos, Helper

12.16.15, (S.D.74) Supplying and fixing SL. pendant with El shade
lamp lock and 40 W bulb only.

Materials and labour for each fixture

1 No. El Shade (107 x 34%")
1 No. Lamp holder | Bakelite)
1 No. 40 W buly
1mi Flex wira
Labour as detalled Below,/20
Detalled labour: Jointly do 20 such fixtures per day,
2 Nos. Wireman G. IL
2 Nos. Helpers
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12.16.16. (S.D.77) Supplying and fixing 12" SL. bracket with El
shade and 40 W bulb.

Materials and labour for each fixture

1 No. SL bracket 12" with holder
1 No F.l. Shade
1 No. 40 'W bult

Synadries such as screws atc

Lahour Charges  : as detailed below/ 15
Detailed Labour : Jointly do 15 fixtures per day

2 MNos, Wireman Grade I
4 Mos. Helper

12.16.17. (5.D.83) Supplying and fixing WT. bulk head fitting
suitable for 60 W lamps with guard and bulb.
Materials and labour for each Fixture

1 No. WT bulk head fitting suitable for 60 W bulb with guard
1 Ne. &0'W bulb.

Sundries suich ag eandull band pipe. TW plig brass ecrous VIR
onds toiskdi

Labour charges as n 50. 77

12.16.18. (S.D.90) Supplying and fixing of box type 4’ 40 W single
fl. fitting complete with TW round block. tube on ceiling of wall
with connection.

Materials and labour for each fixture
| Ne 4'40'W Box type single fl fitimg complete for one no. 440 WL

tube

1 MNa: 34 WL tube

2 Nos. TW round block

LS Sundries such as serews, flex TW plug, Brass screws,
distemnbering etc.
Labour as detailed below/ 16

Labour: Jointhy do 16 Nos, fdures per diy

| No. Wireman Gr. |,
2 Ness, Wiretnan Gr. 1L
3 Mos. Helpers
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12.16.19. (S.D.94) Supplying amd fixing 4'40W twin street light fl.
fitting with S & F of %" GL. pipe complete on existing post including
supplying and fixing of 15 amps aerial fuse unit on MS plate with
PVC unsheathed leads MS clamps and aluminium paint etc.
Materials and labour for each fixture

1 No, F90W twi9n street light Al fisting complete without ba.

2 Nos. 4'30W 1. tube.

4 mits, Gl pipe

2 No=. Gl pipe

7 mis. 2.5 sq.mm, PVC unsheathed SC cable

1 No. 15A aerail fuse unit on sujtanle MS plate, nuts and painting
Sundries such as TW bush screws, bolts and nuts and painting
Labour as detailed helow/5

Labour: Jointly do flve fixtures per day

2 Nos. Wireman Gr. |

2 Nos, Wireman Gr. 1L
2 MNos, Helpers

12.16.20. (S.D.101) S. & E. of 2%" dia. Gl pipe and 4 meters
length with concreting and construction of masonry pedestal with
MS box and door with lock and key arrangements and supply and
erection of cylindrical or conical post of lantern with 4 nos. 220W
fl. tubes complete with all accessories on the above post complete
with PVC unsheathed leads and fixing of 5A. S.P. switch and fuse
unit inside the MS box and painting in sultable colour.

Materials and labour for each fixiure

1 Ne. 2%" Gl pipe 4 mts. complete

1 No. Concreting and masonry as pedestal work for lining the post and
MS box.

1 No. MS box with angle iron frame work for housing condenser fuse

unit, and SP switch with whole lock and key arrangements
1 No. Post top lantern fitting complete with 4 Nos. 2°20W fitting and
choke condenser and accessories with tubes.
1 No TW blank with Fuse unit and 1 SP switch
Sundries such as bolts, nuts, painting connectors etc.
Labour charges/2
Labour: Jointly do two fixtures per daw.
1 No. Wireman Ge. L
2 Nos. Wiremen Gr. IL
2 Nos. Helpers.
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12.16.21. (S.D.113) S. & F. 48" sweep AC ceiling fan complete

clamp with side plates and cross arm. 8

Materials and labour for each fixture
1 No. AC ceiling fan 48" sweep with regulator
I No. Fan damp with side plate 8 18" cross

3 mis. arn 1.5 sgmm. unsheathed wire
L'mt slzam pipe

Sundries such as screws, coach screw ¢ic
Labour/4
Labour For 4 fixtures
1 No, Wireman Gr. L

1 Mo, Wireman Gr. 1L
2 Nos. Helpers

12.16.22. (S.D.118) S & F of 48" Sweep AC ceiling fan complete
with regulator with 1 foot down rod on existing clamp.

Materials and labour for each fxture

1 Ne. 48" sweep AC celling fan complete

30 em. Steamn pipe

I me 1.5 sg.man. PVC unsheathed wire
Sundries such as screws et
Labour charges/5

Labour: Jointly do five fiadured per day

1 No. Wireman Gr. 1.
1 No. Wiremnan Gr. 1.
2 Nos. Helpers

Service Metre

12,16.23. (SD.127) S & F 10 amps/25 amps. AC. 50 cycles

single phase watthour meter on suitable TW board with earth
connection only.

Materials and labour for each fxutre

1 Mo 10 amps/25 amps or AC single phase 50 oycle 230/250V
watt hour meter

L No TW board 127 > B" % 2y
Sundries such as screws plugs eic
Laboiir charge
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12.16.24. 5 & F 4 way DB with 15 amps, DPIC switchwith F& N
on suitable TW board with earthing.
Materials and labour for each unit

1 Mo, 4 way DB with neatral fink

1 Na, 15 amps DPIC switch F & N 25 OV

1 No TWhhaoard 16" = 127 = 21"

1 No. earthing as per PWD Standard
Sundnes such as serews, plugs. cement ate
Labiour/2

Labour details: Jointly do 2 units per day

1 Mo Wireman Gr. L
1 Mo, Wireman Gr. [
1 Mo, Helper

12.16.25. (5.D.154) S & F of 30 A. DPIC switch with 8 way DB on
suitable angle iron frame work with trunking box and with earthing.
Materials and labour for each unit

1 Mo 304 DPIC switch with F & N

1 Nex. Svway DB with F & N link

175mt  Angle iron frame

1 Mo, MS trunking box

I Mo Earthing
Sundries such as nuts; bolts, links cement ate
Labour charges,/ 2

Labour: Jdointly do 2 units per day

I Mo, Wireman Gr. L
2 Mos. Wireman Gr. 11
3 Nos. Helpers
12.16.26. (S.D. 173) S & F of brass cable gland suitable for 2 core
or 4 core PVC UG cable,

Materials and labour for each unit

1 Ma. Cable gland for 4 core of b sq.mm, PVC cable
LS Sundries such as copper, earthing clamp, copper wire ate.
Labour charges for 10 units: Jointly do 10 units per day

1 Mo, Wireman Gr. |
2 Mos. Wirernan Gr. 11,

12.16.27. (S.D.179.) S & Laying of 2 core 6 sg.mm. LTUG cable in
a trench to be excavated at a depth of 2.5 putting 6” Layer of sand

and covering the cable with brick and sand refilling the earth to
make good.
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Materials and labour for 90 metres nun of 2 core 6 sq.mim,
90 mts, 2 X bsqg mm LTUG cable
Cost of brick sand including transport charges
Labour charges for excavating the trench and refilling to make good
Labour charges for laving the cable covering it with brick, sand
and other incidental charges such as transport.
12.16.28. (S.D. 197.) S & Clamping of 2 core 6 sq.mm. PVC LT UG
cable by MS clamps on wall.
Materlals and labour for 90 mietres mun of 2 core 6 sq.mm.

50 mits. 2 X Bsgmm PVC LT UG cable

150 sets  MS clamp, saddles. complete
Sundries such 8s screws and cement etc.

Labour charges
Labour: Jointly do 9 meires mn of 2 core sq.mm. in two das
3 Nos. Wiremnan Gr. |,
3 Nos. Wireman Gr. IL
4 Nos, Helpers,
12.16.29. (5.D.213.) Earthing as per the ISl specification with
necessany masonry work
Materials and labour for one No. earthing
T G.L Pipe 1%"
%' GL Pipe
1 No. Funnel with wire mesh 57 dia
1 No, Copper flat 5" x 2"
1 No, Reducer
3 Nos, %" Gl check nuts

Bnich masonny

1 bag Charcoal

1% thick RCC cover
Common salt
Labour charges
Sundries

12.16.30. (S.D. 214.) Earthing as per PWD standard complete with
necessary masonry work.

Materials and lsbour for one No. earthing
2 mis. Gl Pipe 1%™

1 bag Charcoal

6 mes Commaon sali

L Kg Gl wire
Civll Work

Sundries charges such as bolis, nuts, sockets resin ele
Labour charges g



XIII. IRRIGATION

13.1. GUIDE LINES FOR
INVESTIGATION OF IRRIGATION PROJECTS

13.1.1. General:

1) Primary need for agriculture is land and water. lrrigation Is the process of
using water on land. Earth gets water only from rain. The raln falling on the
ground is disposed of in thres ways.

{8} Transo Evaporation.
(b} Run off — and
{e} Percolation.

I this context we deal with run off water only.

2} Thare are three types of rrigation Process:

{a) Rainfed — using direct rainfall only.
(b} Surface water — canal rrigation,
(¢} Lift irrigation using under ground water.

Here we deal with the surface water,

3) Ancient firigation methods of using the river water are, Just leading the river
water to the lands commandable and cultivating them. This was improved
upon by constructing anlcuts across the rivers [o raise the water leve! to
reach even higher lands. These methods hold good only when there s flow
in thie rivers. Later on the methods of staring water In the reservolrs, formed
across rivers, were thought ol, so that |rrigation can be done even when
there ks no flow in the river, (Such reservoirs are artificial ones where as the
under ground reservolrs are naturall.

13.1.2. Prime Requisites:

{1} The prime requisites of an lmigation project are

{a) Water-In sufficient quantity and of suitable quality.
{b) Ayacut (Land) — commandable and of sultable soll,

(2} When an imigation project is thought of In a stream, the water in off
season-when the flow is meagre-and during the monsoon —when the
flow s full-should be taken and analysed to find out the quality of water
and its fitness for crops. If the water Is totally useless or harmful the

should be rejected. 11 it is quite useful, any crop can be raised. If it
is conditionally agreeable; the cropping pattermn should ba so chosen with
the recommended remedies,

(3) Similarly the soil samples are taken from the proposed ayacut at randm
and tested lor their suitablity for raising crops. Here too the cropping
pmnhmhndqﬂadhu-dmﬂwmuhofhmﬂum
commandable can roughly be fixed fram contour maps:
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(4) Having tested the quality of water, the quantity svailable is to be assessed.
This is done by taking the useful rainfall which will contribute tothe run off
in the catchment multiplied by the catchmant area and allowing for the
intermediate water storages. This will glve the quantum of water guailable
for the project The requirements for the lower down lrrigation must also
be taken care of

(5} Based on this availability of water and the duty adopted for that region
{14A¢/Mcht for dry and 7 Ac/BlLeft for wet) the ayacut is fixed,

132.1.3. Reconnoitering Survey:

{1} Preliminary selection of sites for locating a dam car be dong from a study
of GT.5 maps.
[2) Then the sites are to be Inspecied to select a suitable one based on:
{a} Namownes of the valley with a big water sproad
(b) Awailability of foundation rock for masonTy structures.
{c} Aweilability of construction materials like earth and stones,
{d) Proximity i habitation.
(el Less submersion of villages and costly land.

(3) By the above wo methods the choice becomes limited and we may have
to cansider only two or three sites of this stage. The different dam
alignments are to be fixed on the ground by some indications on both
ends. For such alignments you must have vour own language of signs as
the distance will be a K.M. & even more. Among these different aernatives
one can bé finalised, when sunsy iz completed based an the comparative
cost of the dam.

{4) Now the type of dam is to be decided. If the foundation is rocky and ample
stones are available nearby and if the length of dam s short, masonry
struchure can be decided for the full length 1f otherwise, the conditions are
favourahle for an earth dam, that can ba decided upon.

{5) The ayacut arez is 1o be inspecied for the evenness of the area, type of soll,
for any crops raised on that date, to note any ups and down, for ey major
road crossings, moss drainages 2ic, 3

(6) The water spread area is to be inspected for arvsubmersionln f valuable
properties, ayacut etc. Huts, Houses, Yielding Trees, Paita land, Monu-
ments, Post & Telegraphs lines, Power lines should be detailed and listed
out Any low lying area along the fringe of the water spread should be
noted for raising it above FRL

(7) The caichment s to be seen for its topographical conditions, vegetatian,
gradients, type of soil etc. to heve an iden of the run off and to fix the
constant value for the Ryve's formula,
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(8] Details of any migation works and thelr ayacut lower down the site are to

be collected and water 1s to be allowed for these from the reservoir through
a river sluice.

13.1.4. Detailed Survey & Cormected Works:
{i} Head works:

{a)

(b

(el

Block levels in water spread area are taken, contours drawn uplo the
proposed dam line, and capacity tabie prepared for the reservoir. Full
reservolr level |s fixed for the required storage of water,

We heve already computad the total quantity of water available per annum
I the stream. Now it Is to be foundout how this quandity 15 spread out
during the monsoon. If the rainfall is concentrated in a few days, to store
the required water a huge reservolr is required. Whereas If the rainfall is
spread over in two or three months 2 reservolr of & comparatively smaller
capacity will suffice. This s arrived at by a worldng table commuting the
incoiming water to the reservoir and the draw from it for the flelds during
avery month. This method fixes the capacity of the reservoir and there by
the FRL. and thereby rules over the cost of the scheme.

The next main point to be considered |s the surplus disposal i a dam. The
dam i constructed to hold a certain quantity of water, and when the
reservoir is filled the flood coming In the river is to be disposed off safely.
The maximum flood which can be expected in the river is calculated by two
ways;

(1) by Ryve's formula @ = CM2/3 and

(ii) by actual ficod marks observed The highest of the two s taken. The
value C In the Bye's formuls is decided based on the topography of
the country, by the incidence of rainfall ete. The personal experience in
such surveys plavs a major part Tn decidng this value The following is
given as a gulde-line in PW.D,

C = 1000 for flat tracts along the coestal area.

€ = 1200 in tracts with slopes interior of the land.

C = 1500 in limiled areas near the hill

C = 2000 In hilly tracts.

Having arrived at the flood capacily, the arrangement to pass It over

the dam safely is to be though off We can decide on a gated splllway or
an open crested welr, The considerations to take this decision are:

(i} Proximity to the village for the operator to stay).
{ii} Proper foundation.

(iii} Comparative cost for bath,

livl Drops required to negotiate the difference in level
[v) Surplus course — Nature of bed, length, ete.
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Thi location of the spillway also is to be judiclously decided whether at
river bad or al the flank. Sufficient protective warks at sides and stilling
afrangements are o be provided. The water should be lead to the
rivers far below the dam such that the toe of the dam is not affected
Sith:hmwfnrdmapﬂhnynndih: surplus course is taken in detail and
plotted.

(d) LS. & CS. for the bund alignment is taken and plotted. The earth for

(el
{f)

forming bund s usually taken from the water spread with advantage of
increasing the storage capacity. So the earth from the borrow area Is taken
analysed for its composition and quality. Based on the results, the slopes
of the bund and section Is desighed.

Site surveys for canal slulce, river sluice, etc. are taken and plotted

Village nraps | are collected and the surveyed portlon for the head works
ate marked on them amd (e aes = computed with detalls of SF. Nos
The lands required for acquisition s tabulated as per the kind of land — Dy,
Wet, Patta, Paraimboke, Forest, etc. Then the Land Acquisition statement

is praparad.

13.1.5. Canals:

Having roughly fived the area for the ayacut-and the sill level for canal sluice
based on the storage capacity of the reservolr, the fiing of the canal alignment
and the ayacut is taken up. This can be done sinfultanecusly with the head
woths survey. Either ridge canal or contour canal can be fixed to suit the
country in the avacul area

la) Bench marks are fixed on the proposed area by check levels. Block levek

(b)

(e

at 30 m. intervals are 1aken and plotied on comrect S F.No, on village maps.
The canal alignment i roughly drawn on the map. With this guidance the
LS & CS5 canal alignment s taken and plotted for preparing detailed
estimate. While this is in progress identifications are made on the field to
mark the alignment. The detalls of coss masonries are also noled down.

After plotting the LS. of the canal, a study of the plan and the LS. sheet
willl show any kinks and bends in the canal course which can be straightened
based on the comparative cost of the two courses. The heawy culting and
high embankments can akso be studied and field Inspections can be done
agaln to minimise the cost. Thus a final course ls arrved. Then trial pits ane
dug along this course 1o know the type of soil fo be excavated, and the
eanal course is marked by stones If necessary at conventent places.

When the canal course is finally marked on the village maps; the ayacut
area s divided into convenlent blocks and the locations of slules are
marked on the canal course considering the command level of channel.
Then these blocks are marked In different colours and this map is known
as the ayacut map. This is usually in scale (1 : 4000 [app.)
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13.1.5. Preparation of Estimates:

1) Estimates are prepared for indiidual items based on the current schedule
of rates, for the head works and canals separately and combined together
finally, Provisions for all subsidiary hems llke land acquisition, shifting post
and telegraph lines, HT. & L.T. lines, compensation for Jand, houses, trees,
ete. Highways works, Rallway works, elc. are to be made without any

DImissian.
B

Required other percentage charges are also 1o be provided for ke T & P.
sudit, allowances, elc. A sample form of the two estimates and a combined
classified abetract is appended herewith.

The lead for the different 1aterials should be fixed with care as the cost of
the estimate depends on this, cost of matarials and labour having bean
fixed in the-schedule of rates. The responsibllity for these leads are onthe
field officers

13.1.6. Report:

A comprehensive report on the scheme is to be prepared starting from the
history of the scheme and furnishing the financial details what It would be after
the completion of the scheme. The different chepters in a scheme repon are:

{1) Synopsis;

(2] History of scheme;

{3} Hydrology;

(4) Details of works;

(5) Availability of materials, progremme of execution and concurrence from
other departments;

(6] Abstract of estimate and Financial statements;

{71 Conclusion.

The hydrology portion should be dealt in detall to convinee the success of the
scheme. In effect this report s the essence of the scheme high lighting its
various benefits to the Public and Financial aspects of the scheme. In most of
the cases the report knot given Irs due importance by engineers, Being
technical minded, the perfection and care they take In design and estimate s
not taken in prepamation of the report. Only this report goes to Government for
getting the scheme sanctioned. The estimates and drawings stopwith the Chiel
Engineer wha gives the technical sanction, The economy of the scheme is
judged by (he three factors:

{a) Cost per acre of ayacut.

{b) Cost per tonne of food grain,

{¢) Benefit cost ratio (The ratio between the benefil derlved by implementing

the scheme and the recurring cost involved.)

A staterment of working the sbove is appended.
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13.1.7. Other Miscellaneous Points:

Wherever other departments are involved they must be addressed for thelr
concurrence and for thelr estimates of their affected work — Highweys —
Rural Works — Electricity Board — etc.

13.2. DUTY and YIELD FROM CATCHMENT
13.2.1. Duty
Relations batween different expressian for duty of water: —
1 cusec flowing for ane day
= (0864 million cubic feet.
= 2 acre feet. {1.98 exactly)
= 24 acre inches, (23,76 exactly)

I million cubic feet
= 11574 cusec flowing for one day
= 23 acre feat (nearly)
1 acre foot or 12 acre inches
=14 cusec flowing 23 hours {nearly)

One acre per million cuble leet is equivalent (approximately) to a duty of 12
acres per cusec for 2 crop period (base) of 140 days.
_ 2B where & — equivalent depth in inches.
s B = base In days
d = duty In acres per cusec.

13.2.2. Yield from a catchment

Yield from a calchment area can be calculated by two methods, 1. Stranger’s
Table Method, and 2. Dry-Damp-Wet Method. In practice mun off from a
catchment area |s expressed i so many milllon cubic feet of water per square
rmile,

13.2.3. Dependable Yield for various rain fall stations

{Based on C.E(l) circular for dr domp-wet method)

Mame of Raiffall Yield in Hnrne of Hafttall Yiald in
Satlen M. Ch/ Staten M. Chty
S Mile S, Milw

Chinglepet District
Chinglepet 14.43 Sriperumbudur 12.17
Maduranthakam 13.83 Tiruttani 11.19
Ponner 20.04 Trivellore 14.00
Poonamallee 16.07 Utiiramarur 13,77

Saldapet 20.15



Arani
Chengam
Polur

Srimushnam
Tittagndy
Curddalore
Vridachalam

Kulithalai
Manapparal
Arivalur
Perambalur
Lalgudy
Karur
Ulundurpet

* Thirumayam
Viralimalai
Musiri
Aravankuruchi
Upplivapuram
Jayankondan
Thuraiyur

Dindigul
Gudalur
Kodaikanal
Mettupatti
Melakottai

Irrigation
North Arcot District

048 Tirupathur
1193 Tiruvannamalai
9.57 Vaniambadi
South Arcot District
15.21 Panrutii
1247 [Hondurpet
4.97 Kallakurichi
14.72
Trichy District
8.031 Ponneri
9.324 Thattiyvangarpet
12.260 Marugapuri
10412 Ponnamaravathi
10.060 Kulathur
5.550 Muppur
11210 Uthamapalayam
8479 Mandiar
6.527 Alangudy
5.540 Chettikulam
5.710 Udayarpalayam
9390 Udayalpatti
12 860 Keelanailal
8.635 Pudikottai
Madurai District
7.283 Periyakulam
4970 Periyar
16,830 Chathrapatti
6.060 Usilampatti

7.308 Bodynaickanur

X7

10.82
12.00
71.82

14.71
1129

1023

2004
7.630
10.300
10.190
59.039
7633
3735
2.801
5.395
5482
5.524
5.524
8.736
115

6.850
43.86
9357
9497
4.098
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Ramnad District
Watrap 1500 Sathur
Srivilliputhur 9.00 Velathakulam
Virudhunagar 7.80 Ambasamudram
Stvakasi 540
Tirunelveli District
Tiruneheeli G.10 Ontapidaram
Kovilpatty 454 Shencottah
Vedasandur 5837 Annayasal
Kadayanallur 3as
Colmbatore District

Bhavani Rainfall Stalons 8.350 Perundurai
Caimbatore 2.000 Sathyamangalam
Gabi 7.190 Tiruppur
Kodumadal 3774 Udumalpet
Kangayam 4,125 Erode
Mulanur 4.699 Palladam
Meattupalayam 6.637 Darapuram
Periyanaickenpalayam  5.362

Salem & Dharmapuri Districts
Attur 12.460 Pennagaram
Denkanikotia 7.720 Rasipuram
Dharmapuri 9.505 Rovakotta
Hosur B.160 Sankan
Karur 6.040 Thali
Krishnagiri 7424 Valapadi
Namakhal 7.040 Sankar
Omalur 11.085 Venkatagirikota (A.P,)

640
450
10.30

335
103
889

5346
6.120
4.864
4.500
B.076
3.00
40

8506
12.3%0
9395
6.742
10.620
7118
539
4.233



13.3. FLOOD DISCHARGE s R

For free catchment: —

Ryve's lormula — B=0M
Dicken'sformula — D=CM.%
For combined catchment:—

Rywe's formula . D= CM 2/ _ emife
Dickensformula D =CM %X —cm
where M = combined catchment in sqi-are miles

m — area intercepted {combined minus free)

D = |ocal coefficient depending on rainfall soil
slope and nature of catchment
C - 1/5th Cto 1/3 C often fixed at 200

and D — Discharge in cusecs from catchment

The values of C for Ryve’s formula adopted in Tamilnadu State are as follows.
C — 1000 for flat tracts along the coast
C = 1200 in tracts with greater slope
15 to 100 mites from the coast
C = 1500 in limited areas near the hills.

C = 2000 in Kodaikanal hills as adopted in Manjalar
Project and Manudhanadhl Scheme

T00A
Inglis formula Q =,
s Y

where Q = Flood infensify in cusecs.
and A = Area of caichment in square miles.

Mode! Calculation:

Precipitation method should be followed assurming a rainfall of 12 inches in 24
hours over the eatchment (Vide C.E. (1) Circular Memo. No. M1/3849/67 ER
dated 2-5-1967)

Therefore flood discharge from a catchment of
3 ¥ 5280" ¥ 5280 % 12"
24 <60 %60 % 12
= 3 % 322 67 cusec.

of 3 Square miles =
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13.4. FORMULAE USED IN
HYDRAULICS IRRIGATION AND

13.4.1. Flood Discharge:
{a) Dicken's formula ©Q = CM%
@ = Max. Discharge in m3/sec.
M = Catchment area in Km?

C = a constant

(b} Byve's formula

Q= ':Mz,fa C = a constant

13.4.2. Open Channels;
{a) Chzey's formuls
V= /RS

V = Velocity in m/sec

R = Hyd mean depth in m
S = Slope

C = Chea/s constant

{b) Manning's formula

= i_ g/ ?5% nroughness coefficient

{¢] Kutter's formula for the value of

py4 00015 . 1

S n

0.00155 n
5 Ir

A
=123+

13.4.3. Weirs:
{a) Crestwidth of weira=

and not less than ﬂ

Ja+ {d

1.811

a= Crestwidthinm

H = Height of body wall in m

d = depth of water on weir crest in m
£ = spagr. of the material of wall



(b} Battom width of weir b = (0~ 9!
if i}
b = bottom width of weir in m.

2 - ]
(¢} Depthofscour R=1735 (E"F_y
R = depth of scour inm

g = discharge in m*/sec. per metre run
f — Lacey's silt factor

frrigation

{d} Total length of downstream apron including Talus in M

L1=3¢E§<i
. B

Hs = Height of weir crest above low water level in m.
C = Creep coefficient
{e) Minimum Length of percolation in M 1. = CHs

i Length of solid aproninm L2 = 12C ||I EE_

{g) Length of upstream inpervious apron in m
La=L—1o»

(h} Discharge over ‘?EE crested welr
Q=220%1Lxd¢"*

Q = Discharge in m®/sec

L = Length of weir at crest in m

13.4.4. Head Sluices:

Discharge Q=Cd* A% J2gH

) = Discharge in m?¥/sec.

Ca = Coefficient of discharge

A = Area of cross section in m2

H = Head cf waterinm

g = acceleration due to gravity in m/cec?

X1l
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13.4.5. Surplus Weirs:
{a} Discharge over the weir (clear overfall) with velocity of approach.

Q Ai_ Cdl. {2g|(h + ha)3/2—pas/z)

Q = Discharge in m¥/sec.
L = Length of weir inm
h= head of waterin m
C4 = Coefficient of discharge
ha — head due to velocity of
ﬂp}‘.\fﬁﬂd‘le—
Zg
(b} Discharge over he weir. (submerged) with velocity of approach.

Q‘-.z; Cy L fZafth | ha)¥/2—ha}| + Cal.xd [Zglh+ ha)

C1 and Cz are constants

d = difference In level hetween the weir crest and water leve] below the amicut
inm

Put ha = @, in the above formula for discharge without velority of approach

13.4.6. Trapezoidal Notch:

| free overfall) Dischame

Q =296Cyad¥2|] +04dn|

) — Discharge in m?/sec

Cy4 = Coefficient of discharge

d = the depth in m over the sill of the noteh

| = the width of the horzontal sill of notch in m

1 = 2 tan @ where o is the angle made by each of the sides of the notch with
the veriical

13.4.7. Canal Drop:
(8} Dyopwall top width

a={ g 0.1524) to ‘—;" + 0.3028)



N
1
L
\
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where a — top width inm
d = depth of water over sill of notch inm

{b) Drop wall bottomn width
Htd

e
Ie

b = bottom with inm

H = height of wall in m

(¢} Length of apron

L=2d+2 Mhor

122 +2 ddhor

122 + 2fde h whichever is greater
L. = Length of apron inm

h = Difference between u/'s and d/s water fevel Inm

(d) Dawnstrearn apron width in mW =L+ :—

Thickness of apran

Jd+h

1811
G.d& hareinm
(f} Bed pltching u/s 1y=1%d
(gl Bed pitching d/s 1s—2d
{h! Tepth of water cushion
ldy + di) = 0.905d [h™

d = depth of water cushion in m
dy = depth of d/s apronin m

Minimum't —

13.4.8. Storage capacity of tanks

Q—'!:—Xlﬁl A2+ JALAZ |

Al = areaat FTL

AZ = area at lowest sill levels
H = Diff. in ht between Al & A2

Q = Storage
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13.4.9. Flow Over Notches

A notch is an opening (having sides and bottom only} In one side of a tank
over which the fiquid flows.

General Notations used in the foramulae

0 = Discharge over the Notch.
C4 = Coeflicient of discharge
b = breadth of the notch
H = Height of liquid above the sill of the Moich.
6 = angle of the Notch
A = Surlace area of the notch
Hy = Initial height of iquid
Hz = Final height of liquld
T = Time required in Seconds

1

(i) Discharge over a Rectangular notch:

Q=%¥2Cyb JZg(H)1¥? (without end contraction)
Q=2%2Cy J2g|L—0.In H) with end contraction],

(i) Discharge over Triangular notch:
B é
= — Cgq gtan — (H)¥2
Q T d “Zgtan 2 {H)

{iii) Discharge over a trapezoidal notch:

The sum of the discharges over rectangular notch and Triangular notch:

{iv) Time of emptying a tank over a rectangular notch:



\

L
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134.10. Flow Over Weir

A stiucture used to dam up a stream or a river over which the water flows i
called a weir,

General Motatlons used In the formulae:

@ — Discharge over weir

Cy = Coefficient of discharge
L = Length of weir
H = Height of water over the crest of the weir.
n = Mo. of end contractions [Twice the number of bays of the weir),
v = welocity approach

Ha = Additional height of water due to velocity approach

H:z = [H+ Ha) Is called as still water head
H1 = Height of water on the upstream side over the crest of the weir,
Hz = Height of water over crest of the weir on the downsiream side.

g — acceleration due to gravity m/ Sec?

(i) (a) Discharge over a rectangular weir without velocity of
approach.

Q—=2eCcyL f2g(H)%?

(b} Francs' formuloe for dischorge over rectangular werr (with end contraction)

where Cgq = 0.623

{cl Bazin's Formula for dischange over rectangular welr.

Q = mL VZg(H)¥2 Where m = 0405 + %

Q=184 (L— 0.1 nHHY? [zfs Cy¥2g= 1_34]

(i) Discharge crer Cippoletti weir Francls” formula:

{without end contraction) @ = 184 L (Hy3/2

{ This welr having side slope of 1 horizontal to 4 vertical)

(it} Discharge over a weir considering velocity of approach

Q:?,.-"a Cql EQIH‘S,.-"E_ Has,.-"zf

Where Hy = £
2g

He = H+Hj
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(iv) Discharge over a narrow-Crested weir:
Q = #/acdL [2giH)¥/2

(v) Discharge over a broad-crested weir:

Q=CgqLl J2g(HH:2—H,3

(vi) Maximum discharge over a broad-crested weir:

(a) Qmax=171CqL (H)¥? assume Cd = 0.95
Qmax = €L HY? (without énd contraction]
Where C = 1.71 Cy
The emperical value of C = K (070 + 0.185 f—}
3
Ly = Weir crest width
K = (0405 + ——uf J2g

(vii) Discharge over submerged weir or Drowned weir:
Q = ¥ Cdl. g (Hi — H#¥? + C4 LH: Y2a (Hy - Ha)

(viii) Discharged over submerged or Drowned weir considering
velocity approach;

Q—3cdL Vag[(H | hat¥/? — ha¥/?|

+CdLHz J2g(H + Hal

where H=H; — Ha

(ix) Discharge over a sharp crested and ogee weir
= zf:{;:T: PgtHpe

(x) Discharge over Trapezoidal weir:
Q=23Cq J2gLHY? + % Cq -I‘Emn-g.ﬂw'r

Whaere @ = angle of weir.
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134.11. Discharge in sluices, and Notches etc,
Clear Overall

{1} MNotches without end contraction like o lock welrwith shutters clear.

D= 2/3CLh [2gh - 325 1h ¥ C - 061 andh

depth of water over crest

{2) Vent withoul end contractions like-a lock welr or.a masonny slilce
with shuliess not clear.

D =325L tha¥2h ¥

Where hy ks depth of water in front over crest of weir b is depth of water above
bettom of shutfer,

Note:

I ease whera the depth of water on the crest of the noteh or vent with clear
overfall is less than the width of the crest, the welr shall be treated as broad
crested and ¢ may be taken o be 057 The coresponding formulae for
discharges are.

D= 31Lh%2 for a noteh: D = 3.1 Lihe™® — he¥Dfor avent

{3} Pipe shices where D the diameter is small compared with b the head
mieasured 1o the centre as in direct pipe slulees in the main cnals.

lrrigaion Inyre

Q=CA [2ah
Q=6AJh
Where C = (.78
Submerged

{4) Pipes in channels D — 6A ¥ h where ¢ = (.75 and h & the difference of
front and rear water level

(5) Culvert in lock gates, D ~ 5A JHC— 0.62
6] Drowned orifice like a masonny head sluice with shutters nat clear,
D=6A he=078

{7} Drowned weir or rectangular noich ike 8 mesonny head sluice with shumer
clear.

D= L3257 4+ 5 dh %)

Where c = (.61 forthe overfall portion and 0.62 for the submerged portion,
d & depth of tail water on crest.

(8] Drouned weir or nolch with shutiers not clear.
D = 1[325(h* = ¥/ + B(h, - N%]
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Where ¢ = 0.61 for the overfall portion and 0.62 for the submerged portion.
for h vide (4) above: hy & ha vide (2) above:

{9) Pipes in General (water service):

V=32 [dswhere d — diameter of pipe.

13.4.12. Flow through pipes-
Q = discharge
H - Height of water level above the centre line of Pipe at exit-
d — Diameter of the pipe
| = length of pipe
I = Coelficient of Friction

Q—:——-d'u

velocity of flow (v) = J 2:&,—;:“&
Loss of heads in pipes:
vi = Velocity in contracted section.
vz — Velociy in enlarged section
v = Velodity in the pipe
A = Area of the full pipe
Ce = Coefliciem of contraction
& = Area blocked by the obstruction

{1} Sudden enlargement H, ‘f{u—‘z:gﬁ

2 - |
(i} Sedden contraction He = 0.375 M L
2g 2q

V2 A
il Obstruction Ho= — et W
. = e Ty oo
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fiv) Atentrance = ——
2g
ot
(vl ALExk — —
2g
Kat
(v} Change of direction = e =
9
K depends tipan bend.

For 90° bend K=1

2
frictional resistance hy = il

2ad.
13.5. Standards for Minor Irrigation Projects

13.5.1. Project Planning
13.5.1.1. Yield Calculation :

 Yield at a tank site is calculated using Strange’s tables Based on the to
and slopes, the catchments are classified as good, average or bad. Only 50'% of
the average rainfal (which is the Morscon rainfall) {5 considered for the
computation of the yields.

13.5.1.2. Storage Planning : (Numbe: of fillings of the tank)

(i} {a) Two fillings where the average rainfall is more than 35"

{b) One and half where the average rainfall is between 25" and 35°
(c) One where the average rainfall is less than 25"

(W) In case where imigation water is used mainly after the Monsoon for
maturing the monsoon crop, the entire requirement of water Including
losdes in the monsoon period has to be stored.

13.5.1.3. Dead Storage :

Usually 10% of the Live Storage & allowsd.

13.5.1.4. Allowance :

Allowance for absorption and evaporation losses from the reservoir: 10% of
the Live Storage (capacity) irrespective of the rainfall and the number of fills.
13.5.1.5. Area irrigated per M.cft. of Water :

For the areas where the monsoon rainfall is upto 30"

(al Wet crops — 6 acres per M. ¢ft. (13t crop) and 3 acres per M. cht for 2nd
crop.

(b} Imigated dry crops — Khariff {Summer Crops) — 20 acres/M. cft. (June to
October).

Rabi (Winter Crop) — 10 acres/M cft. November to March)

For the areas where the monsoon rainfall exceeds 30" irrigation demand will
hwnrnbnumhadmmnﬁdmglhtmul&mandnfﬁﬁ"hrﬂupddy
crops inclusive of rainfall. to be distributed equally over each month of the crop
period. Additional 67 should be added for 1st month for transplantation
purposes.
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13.6.1. Impervious Zone and cut off Trench
Whenever, the depth of water upto FT.L. in a particuiar cross seation of the
bund exceeds 10 fest, than Tmpervious Zene should be invariably proposed,
The top of the Impervious Zone should be 1 foot above the maximum water
level and the top wadth of thatwill be 2/3 of the 1op width ol the bund

The side slops will be W 1o 1 1% horizontal io 1 verticall and hence the battom
width of the Impenious zonewill be the heyht of linpevious Zone plus the top
width of the jmpevious zone. The depth of the cut off french will be half the
height between the aversge ground level and the FT.L. The hattarn width of
cut off trench will be 10 feet and Its outer edges will be connected with that of
impenious Zone

13.6.2. Key Trenches

Kes renches will be provided = the upstream hall of the bund at 15 feet centre
to-centre from the upsiream cuteér bottom edge of the impervious zone In the
cross sections where there 5 no LPZ, key trenches should, invarlably b
provided tiroughout the bottom width of the burid to have properband of the
bund with the earth befow. The size of the trenches will Invariohly be 2
trapeziim in shape having a bottom width of 5 feat with side slopes 1 1o 1 and
a depth of 1 fool from the average ground lovel.

13.6.3. Hydraulic Gradient

The mudraulic gradient line wil be drawnin the cross section of a buwl from a

poird at which the FT.1.. meess the upstream face of the bund and its sloge will
halind in SPZ and 1 in 3 in LPZ When (he hydraulie gradiem line cuts the

bortom surface of the bund beyond th of the width of the bund frem the
upstream edge; flters should invariably be provided arthe downshieom edoe of
the bund.

13.6.4, Filters
As siated in the para above, graded filters of size 90 10 3707 will be provided in
the downstream edge of the bund. Graded filters alone are provided upto 20

feet depth of water in the upstream side. When the depth of waler exceeds 20
feet then =zomed filter with graded filter should be provided

13.6.5. Toe drain

Tue drait should Invarably be providad i nll cross sections of the bund in the
tear side, to diicharge the rain water Blling over the bund to the adiacent
dranage course The bottom width will bz 3 feet and the side slopes willbe 1 1o
1. The bottom livel will be at the same level of the bottom of the filter

13.6.6. Toe wall

Whenever reverment with gravel backing is proposed in the cress sections of
the bund, then a square toe wall of size 30" < 34" shown in the sketch in the
page 277 of Ells Manual of Imrigation (1963 Edition) should be provided at the
hatom af the revetment,
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13.7 DESIGN OF CHANNELS OR CANAL :

1. The mean velocity which may be caleulated by any of the Formulae-
(1) Chezy's formula:
V=C
= S — Sectional Area

Where r = hydraulic mean depth \-MEHT_

s = Longituditional slope of water surface -

¢ = Chezy’s canstant.

n = Huoosity coeflicient,
The chezy's constant *'C" is found out by any one the following Formuiae.
(a) Bazin's formula:

c— 157.6

P =2
=

(b), Mannings formula:
1.49

C=—— /oy n —= Manning's coefficient
n

r = 2.35 lor earthen channel 0833 for rubkile masonmny,

(c) Kutter's formula:

4165 + 1811 i 0.00281
C = 5 3 n = Kuter s coefficient
1+ L (4165 4 _0.00281 ] (vide table)
f o 5
(2) Manning formula V- !—N-—}IE Si/e
Deslgn
The following item must be known:

{1l The design discharge of the channel
(ii} The slope of the channel, S
() The Rugosity coefficient 1

(v} The critical velocity ratio m = %

Channel discharge Q = A % \/
WhereV=C /&
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Kutter's coefficient for Chezy's constant {C)
AT o e u.niasl
c= 2
1+ 4166 + E_““E':'?""l | JoIT
Substituting the C value we get
1811 0.00281 } ;
+ +
V= [ n. s S ] 5% Jr
0.00281 n
+ bh t — -
1+ (41.66 5 | =

Multiply numerator and denominator by 1

XiNses

{E-!imaﬁ AL S E
V= z
I+ 4166 + 2L )n)

puth =1 22 + (4166 + ﬂ'ﬂ‘:ﬂ W5

PutD = (4166 + 200281,

Then the equation becomes
“Ir+D

The value of N & D shown in the Table.

gl No. Pipe of Channel's Instde surface Value of n

" 1. Well-Planed timber 0.009
2. Smooth cement plaster or planned wood 0.010

lincluding wood-stave pipes)

3. Cement plaster with one third sand i1t §
4. Pipes ol lron or Steel, Cement or terracorta 0011
5. Unplaned timber, new brick work, ordinary [ron pipe 002
6. Rubble Masonry 007
7. Earth of very good surface in faultless condition 0018
B Earth of good surface 0.020
9. Matural Earth 0.025
10, Canal and River of Rough surface with weeds 0030

11. Rivers and canals in earth obstructed by detritus and inbad 0,035

order and regime or rock cutting
12. Toments encumbered with detritus

0.035
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Values of N'& D of the

Fall in 1 Mile n—0.020 n = 00225
Fall
lin | /¥ .
Feet Inches N D N 5]
0,250 3 21120 Q069 1318 2019 1249 2271
§ s s 34 18103 0074 1361 1849 1286 2081
0333 4 156840 0079 1404 1723 1324 1938
0375 A% 14080 D084 1447 1624 1363 1827
0417 5 12672 0089 1491 1546 1401 1738

0.458 5% 11520 0093 1533 1480 1440 1665
0.500 6 10560 0097 1571 1426 1477 1604
0542 bl 9748 0101 1612 1381 1515 1553
0583 7 0051 0106 1652 1341 1551 1509
0625 T 248 0@ 1696 1308 1587 1471

0.667 8 7920 0112 1736 1278 1623 1438
0.708 Bl 7454 0116 1774 1252 1657 1408
0.750 9 7040 0119 1811 1229 1692 1382
0,792 s 6669 D122 1848 1208 1725 1359
0.830 10 6336 0126 1884 1189 1758 1338

0875 103 6034 0129 1921 1172 1791 1319
0917 1 5760 0132 1955 1157 1823 1.301
0.958 1% 5510 0135 1999 1143 1IB54 1286
1000 12 5280 0139 2024 1130 188 1271
1.083 13 5874 0143 2080 1107 1946 1245

1167 14 4526 0149 2155 1.087 20056 1223
1250 15 4224 D154 2117 1070 2062 120
1333 16 3960 0159 2278 1056 2118 1188
1417 17 3727 0164 2337 1043 2172 1173
1500 18 3520 0169 2395 1081 2226 L1160
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Formulee: D
n -~ .025 m="080 n =035 =050
M D N D N b N %]

1.193 2524 L1100 3429 1051 3533 024 5048
1226 2312 1.136 2775 1072 3237 0ahT 4624
1960 2153 Ll 2584 1096 3015 0972 4307
1295 2030 1.191 2436 1120 2843 099 4060
1330 1o 1222 2317 1416 2703 1008 362
1.365 1 8550 1252 220 1172 2590 1027 3700
1.399 1783 1,241 2.12% 1198 2496 L4656 35665
1439 1726 1.310 2071 1223 2416 1066 3443
1466 1677 140 2012 1299 2358 1086 335
1500 Lo 1359 1951 1275 2288 1105 32648
1.532 1 597 1,590 1917 1299 2236 L1256 31%
1561 L1565 1424 1878 1320 2191 Li44 3129
1066 1536 1.450 18 1399 2150 L4 30N
1.626 1510 1497 1812 1373 2114 1183 3019
1667 1488 1506 17H3 1397 2081 1202 2972
1.687 LA65 1532 1.7 14200 2051 1221 2830
1717 1446 1558 1.735 1444 2024 1239 28592
1746 1428 1588 1714 1467 2000 1258 2857
1774 1412 1608 Le%s 1490 1977 1276 2824
1.831 1384 1,658 1660 1534 1937 1312 2767
1885 1359 17056 1631 1577 1903 1346 2718
14988 1.338 1.752 1603 1619 1873 1381 2676
1950 1319 1798 1553 1661 1847 1414 2639
1041 1303 1843 1564 1702 1824 1447 2606
2090 1289 1885 1546 1747 1804 1479 2577




Values of N & D ofthe
Fall in 1 Mie n = 0020 n = (.0225

Fall

lin 15
Feat Inches N D N D
1.750 21 Jom7 0182 2561 1083 2378 113
2,000 24 2640 mM9s 2718 0981 2522 1104
2280 27 2347 D206 2865 0955 2658 1086
2500 20 2112 0216 3006 092 2787 10T
2751 3 1920 0228 3141 0841 2911 1050

3000 35 1760 238 34270 0522 3040 1043
3250 3 1625 0248 3393 0924 3144 1040
3.500 42 1509 (0257 3513 0918 3254 1033
3750 45 1408 0267 369 0912 3361 1026
4 000 18 1320 0275 3Nl 0907 3460 1021

# 50 54 1173 0292 3957 0899 3663 1.011
5.00 &0 1055 0308 4180 0893 3850 1004
5.50 B 060 0323 435 0887 4308 099
6.00 72 &80 0337 4541 0B83 4207 0993
6.50 78 g12 0351 4720 08P 4387 099

7.0 84 754 0364 4B8% 08575 452 0985
80 9 660 0389 5219 0870 4827 0979
90 108 587 0413 525 088 5111 0974
100 120 528 0435 5819 0863 5381 0971
110 132 480 (4% 6097 0880 5637 0968

120 144 440 D477 6363 0858 5BB3 0966
13.0 166 406 049 6619 085 6120 0963
140 168 ar? 0515 6866 0864 6347 096]
150 180 52 0633 7100 0848 6594 0959
16.0 192 330 ©0550. 7330 0B42 6776 0958
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Formulae: 1..."- N
Ir+D

n = 025 n =030 n= 035 n= 050

N D M D M D N 3]

2232 1253 2012 1504 1855 1764 1573 2507
2365 1227 2130 1472 194 1718 1660 2444
2491 1206 2242 1447 2064 1689 1744 2412
2612 1190 2349 1428 2162 1666 1824 2379
2727 Ll¥e 2452 1412 2256 1647 1901 2853

ZB38 1165 2550 1398 2344 1631 1974 2330
2044 1156 2644 1387 2430 1618 2045 2314
347 1147 2736 1377 2514 1606 21ls 2295
3146 1140 2825 1368 2595 1597 2181 2281
3243 1134 2911 1361 2673 1588 2246 2268

3428 1124 3075 1348 2825 1573 Z370 2247
i602 Ll1le 3231 1339 2966 1562 2483 2231
3770 L1109 3380 1331 3102 1552 2601 2218
3930 1103 3523 1324 3232 1545 2709 2207
4084 1099 3661 1318 3358 1538 2813 2197
4433 3793 1313 3479 1532 2914 2139

1094
4514 1088 4044 1305 3708 1524 314 2176
4778 1083 4280 1299 3924 1516 3283 2166
5011 1079 4506 129 4125 1510 3454 2157
5270 1075 4719 1290 4325 1505 3617 2150

5499 1072 4923 1287 4512 1501 3772 2145
5721 1070 5121 1284 4692 1498 3921 2140
5032 1068 5310 1282 4866 1495 4066 2136
6135 1066 5492 1279 &032 1493 4204 2132
B333 1065 5668 1278 5193 1491 4491 2129
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Design of channel on Kennedy's Theroy:

- Vo = Kennedy's Critical velocty,
Vo= 08442 "7 _ iooth of water in feet

Reduced value of Kennedy's Critical velocity for Different depth of flow as
fiollows:

|
d-1m et Emmmﬂm m.r--ﬂ:rmE't'\_lﬂ
slelzle|zls|=le 6zl
Vi - in feet/sec f%ﬂ_‘:ﬁpj'ﬁmmdd‘ﬂ‘

The equation was applicable 1o the grade of silt available at upper Barl —
Doab canal only.

To take accouni of varying grades of silt another factor in the equation was
imtroduced which s called the critical velocity ratio (C.V R ) denated by 'm’,

m '—F-Wl'me\r'u—‘ﬂ.ﬂii gost

Ve
V=084 m d°**
Thit General torm of the Kennedy's Equation V = Kd"
Where K vary according to the sil gradi
Designs of Channel on Lacey’s Theory:

Lacy employing Kennedy's date and treating the hydravlic mean depeh as
fundamental variable wheress Kennedy introduced silt grade as the wariable
abtalned the following equations

Fundamental Equation:
Vo= 117 J Q = discharge
f — siit factor

t = hydranlic mean depth

(a) Silt factor (f) = 1.76 Yd
where'd" = mean partice diameter of silt.

(b} Velocity flow (V) = 16:%/351/2

(¢} Bedslope S — ——FL—-—
lﬂllq-':‘“ 1

(d) Weled Perimeter P = 2670 /#
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fe) Qm&mmma—ﬂ’d:ﬁ”'

=126
o7

() Hydraulic mean depth ls;—
r=047247 2"
s

From known values of A and F calculace bed width *B’ and dapth "1 of the
channel section. The side slope of an irmgation channel is usually % - 1

&
hence A = BD 4 I-J—
2

WhereB3 = P 22360,

Maximum mean Velocities Safe Against Erosions

Mean velocity In

Mg ieet per nc:gnd

Very light pure sand of ¢uick sand chamacter - 075w 100
Very light locse sand - 1001 150
Coarse sand or lght sandy soil v 15060 200
Puarage sandy soll — 2001 250
Sandy loam -. 250m 275
Avverage |oam, allovial w8 D 300
Firm loam, day loam ~. 00w 375
Stiff cloy soll, ordinany gravel sofl =~ 400 50
Coanse grave! shingles .. 500t 600
Cemented gravel, solt slate soft sedimentary rock ~ 600 800
Hard roch v 10,0000 1500

Concrete w 13.00 to 20,00




Permissible Canal Velocities

Velocity in feet per sec. alter

ageing of tanal camying

o |o

EalE88
Original materia] ;| Bz E% E
excavated for canal 3 § :_E o
U “|8568§

2 [BE
Fine sand (non-colloidall ~ . i 2@ 15
Sandy loam . 175 250 200
Silt loam - 200 300 200
Alluvial silts when noncoloidal L 200 350 200
Ordinay firm loam ~ 2850 350 295
Fine gravel .. 250 BOO 375
Siiff clay very colloidal - 37 500 500
Alluvial soils when colloidal -~ 375 500 300
Graded il « 900 550 500
Coarse gravel [ non.colloidal) . 400 6D0 650
Shingle = BO0° BS0 850

Note:— This flgures are for depth of 3 feet & less.

13.8. DESIGN OF ANICUTS OR WEIRS ACROSS RIVERS

Anicut Is nothing but a weir over which
the waler fiows. During flood periods
anicit will behave like a drowned welr.

Q — discharge

C4 = Codhclent of discharge

L = Length of the weir

h = depth of over flow water

lig = head due o velocity of Approach

hy = difterence of watet levels between front and Rear
d == Depth of tall water over crest

1



Irrigation >

Calculation of Discharge:

Fox free overflow condition: {with velodty approach),

Q=C.L|lh+ha)¥*—hg¥?| The value C adopted are 3.00 for broad
oested and 332 for namow cested weirs
If the overflow depth. ks equal to or
exceeds the width of the weir crest, the
wair |8 called harrow crested weir other-
wise broad crested.

Far Submerged condifion:

u-ﬂ;-—t'.ﬂ. 2g]thy | ha) /2~ Fa%7[+ Caxd2gfhs T h )

Where Cy = 0577
Cz = 0,60 lor depths of tail water over crest

1 to 5 teet
Value of !:a '
Depth o = 12 &
Tail water 6 ' i q N i, more

ValveofCa 062 066 075 ,084 09 093 09

13.8.1. EMPIRICAL FORMULAE FOR DESIGN OF WEIRS OR

ANICUT
H = Height of weir
d = depth of water passing over the crest of weir
@ - Specific Gravity of Masonry
[ o ~ Creep coefficient depends upen the nature of soil (classifications
of bed sand (Generally assumed as 12 for coarse sand!.
Hs = Height of weir crest shutters nbove low waiter jevel

Hp = Height of weir crest sbove LWL

= minlmum length of creep required for protections against piping
= The chssification number of ths bad and sand
(Generally 12).
2P

(i) Crest width of weir (al = -’ﬁJrJ’n"hutnmtmmanﬂ

fii) Basewidth of weir Hbd

{al For impervious masonry and foundation (b = ——
14 o

o1

q = Difch:rgu 15 Cf's per foot Hun of weir crest
B = Depth of scour in feet

f — Lacey’s silt factor

L

£

(b} For pervious 4
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(it} Mintmum length of Percolation L = CHaz
vl Apron:
(a) Length of Main swlid (impendous) d/s Apron from body of wall olweir
Ly=4c ﬂb—
10

b) Length of U/s impervious Apron La =L — L,
(c} (1) Total langth of d/s gl
apmwn including Talus * | La=10c —?Er ﬂ_q
le, Salid 1 |.nose ;
{2} For sloping and rock fill Apron La should be Incressed by
about 10%
(3-11c JHo'a
750
{d) Length of d/= talus or loose Apron — Ly L,

{e) Length of U/sloose pitching Lari
In contintion of salid U/s Apron _ai'__L

‘) Thickmess of Apron:
b D{s. Main solid Apron < df

Talus 5
2. U/s. Main sold Apron T2k
Talus Tqdi

3, Thickness of [mpervious Aprons J h+he
v} Check for minimum safe depin against scour
- M
R=09(1)"/8
4%

The foundation should be taken upto 1.5R depth from M.EL. in front and
Rear side.

13.9. DESIGN OF CANAL DROPS

Where the natursl slope of the ground over which a canal |s carrled & greater
| thanithe slope of the canal the difference s adjusted by constructing vertical
| ‘drops’ o 'falis” at sumble intervas.

(SR o M- SR PR e ol
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Discharge of Trapezodial Notch

E = In case of Submerwion, the depth of tail water-over the sill of the
Notch.

d = Depth over sill of Noich

c — Coefficient of discharge of the Notch.

n = 2 ian © where == angle of indination of sloping sides of Notch to
the vertical

L = Base width of Notch,

Submersion Condition: {Genersl equation)

Q=c £gld—E) % (L—%En) E+ %c J2qid - E) % x
(L+En ¢ 04n{d— E))

The above equation may be expressed as [ollows .

Q=535¢c Jd E{%E+dL=-[XE2+(d—EIE404ld En])

Clear ower fall condition:

{There Is nig submersion F— 0)
D~ 535 C.d¥2|1+0D4dn]|

Design;
1. Dropwall;

(i) Top Length (L). Shauld not be less than 7 bad width
and not more than full bed width of
cenal U/s of drop.

{it} Top width fal = (lad %) Toed+ 1)
0 Battory wide  () = DoLd
JE
Where H = height of dropwall,
d = depth of the water over the crest.
No. and Sill of Notches:

{a) The No. and location of Notches should be such as to equally distribute the
discharge over the entire length.

(b} The Sill of Notches should be at bed leve! of canal.

{e} Top width of Notch should not be greater than 4 d when free: and not
greater than d when submerged
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Nateh Plers:
(a) Width at FL.S. not less than:_

(b] The Bottom width of end piers adjacent to the abutments should be %th
narmal bottom width of other pier:

Apron:

Dowr Stream Side.

(a) Width W— (L. + %) or bed width of canal d/s of drop whichover is greater.,

(b) Length: 2dc ¢ 2 d hor4 +2Jde b whichever is greater

(] Thickness: Minimum — f deth

Hevetment:

[a) Lengih of upstream redetmant + 3% subject to minimum of 10°0°

{b) Length of dewmnstrear revetment = 4{d -+ h) br 20 whichever is greater

(¢} Bed Priching
(I} Ufs Side — 1%d
(it} Dys Side = 24,
Water Cushion Apron:

On the d/s Side of drop wall is cushioned with water as to absorb the dynamic

impact of falling water.

de  — depth oversilt of Notch U/S

h = difference-between U/S and D/S water level

dy = depth of water cushion Below Bed level canal on the down stream
side

di = depth i the dfs portion ol canal,
{a) Depth of Cushion: :
By Dya's formula — (dyy = di) = %a" h
In case d1 =dq then dy+dy=Yds Th
V. Whenh=4 dy + di=djie dw=0
In other words the value of h upto 407 no water cushion is necessany. a mere
solld apran will do.
(b) D/s Reverse slope: Not steeper than 1in 5
{e} length: 2d + 2 Jd_hor 2+ 2 Jd. h whichever is greater.
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13.10. DISCHARGE THROUGH SYPHON

h = Loss of head of difference of water fevel up and down strean,
L = Length of barrel in it
R — Hydrsule Mean depih of the barmel
v = Velocity through barrel
Iy = Coethclent for luss of head at entry
0.505 for unshaped mouth.
0 100 for bell moutk
| = Coefficlent which provides for loss of head due to Irction
By Unwin's formiulae
H
h—“.‘h 4 fakl _‘U’___
R 2g
[p ks 2 coelficient such that the loss of head by [riction brough borrel i
]
W f=bx ¥
R . 2a
(il t=a|l + E—,
R

Where ‘a’ and 'b" have the following values,

Surface pipe of culvert a h
Smooth lron pipe 000497 0.084
Encrusted Iron pipe (.005996 0.084
Smooth cement plaster or planed wood hX13ie Q010
Brick or Ashlar wark (100401 023
Rubble masonmy or stone pitching 000507 0R3
H {Val the velocty approach to the Symphon ks considered then the formula
becomes.

lJI

b= = {1 fitta L] 00166 (Va?
Zg R
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13.12. DISCHARGE THROUGH AQUEDUCTS

Aqueducts are the most commonly adopted cros drainage work. An aqueduct
s suitable, when it is possible 10 pass & canal over = drainage, withou the
necessity of dropping or lowering the bed level of the drainage work at the
point of erossing

The main factorin fixing the actual place of ossing s "heacway” (e enough
free board above the MF.L of the drainage.

Calculation of head required.
General lormula for entry Into contracted agueduct of velocity (Va). lrom a
canal of velocity (V) i the same a¢ for flow theough notch of similar cross
sectional area as follows:
| e 7
D=l TG < {(hg+ Y gore - (VO 1%2)  dihe + Vel %]
3 24 29 29
Where D = Discharge
d = depth of wawrin the aqueduct
he= the heading up above the aqueduct trough that is the head of
entny,
| = The mean width of the aquaduct {or notch)
e = 095 to 0.90 for o well shaped and gradual entry
The approximate head of entry for coefficient unity may be obtained from the
lolleming simple equation.
Va2V

g
The recovery of level ur exit (Theoritcal head ar ext)

ViV -V

————

g
The net heading up at the aqueduct (hi—he %y

13.13.DISCHARGE THROUGH BRIDGE OPENINGS

A bridge constructed over's river consists of plers and abutments which act as
nhﬂ:u&iumladmﬂnwuhhm-m.mmwnmﬁunpmﬂwa@iﬂn
piem, coniracting the water cross-section, due to which the depth of water on
the ypstream side rises. Such a rise of water level 4 known as aflux
The watar passiag theough the bridge piers acts, as | it is passing over a totally
drowned weir and calculation of dischamge as foflows:
LetVo = the wlocity ol approach.

ha = The head due to velocty of spproach

w1 = 'The velocity of water bielow the bridge, through the plers at

cross-section Ay
It = the width of waterway through the bridge pier.
v = nonmal velarity of River on the d/s side of bridge
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| = normalwidth of River on the d/s side as well = U /s side of bridge.
d = The normal depth of nver on the d/s side of bridge.

x — The actual rice water level Le. alflux in feet.

Tottal head %ﬁﬁiﬂ velociy Ve —x g
Yy = x5 hal

and @ = CqAVa
~ Cg (11 d)d2g x+hy). {with velocity approach)
ako O = Vgld+=l1
= ydl
d
Vo e
Further the water secflon throuagh the plers will contract and therefore coefficient
of contraction i to be used 1o amive at the true area,
8i—=Celid Cp = Coefficient of Contraction.
Calculating the afflux
Ve - g
2g 11!
nieglecting welocity approach
e i NE 112
= —— = L (=
2gq 2q 1%
Q ~ Cg Ay JZgx twithout velocity of appeoach)

3
Moles worth's formule;  Affluxix) = | Lt 0.05] Hfl-'i’ g i
586 a

v

A = Natural way area at site water way
a = artlficial water way |.¢. (area of bridge openings|

13.14. DIMENSION OF SPEARS AND SCREW
THREADS

The greatest stress i placed on spears when the shutters of sluices are being
lorced down under the pressure of the maximum head of water to which they
can be subjected.

The following equation for finding the diameter of solid mild steel screw rod
which s based an Gardon's formula for strits hinged at both ends

A i~ 82300d¢
35047 » 14412
Where A — the area of the shutter b sft
H = Masimurn head on the shutler in ft
L = Madmum unsipported fencth of screw shaft in fvel
d = least dinmeter of sbove inches
This allows a factor of safety of 6 and coellicent 'C' Inrmrdml‘mrnulaofl—;)
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The Tollowing table gives diamensions in inches of the size of spears and pitch
al serew commaonly out for screw rod

Finished
Serial diarmator Least Depth of Pitch ol
over all diameter thread thread

No. D (dd) {d) P

i 38 2% 4 1

2 3 2% 't 1%

K 3% 2% % 1%

4 3 2% s 1

3 3 2% *Ae %

b 2% 24 Sk 1

7 2%, 2% 3 1

B 2% 1% S 1

9 2% 2% % 1
10 2% 1% 4 %
1 2% 1% s 1

12 2% 1% Yy 1

13 z 1% % %

14 2 134 54s I
15 14 134 % %
in 1% 1h Y W

13.15 SALIENT FEATURES OF
Speelal Minor lrrigation Programme

{Based on Chief Ergineer (Irrigation) Clrcular Memo. No, AZ/ 58322/ 771/ dt.
19-7-77

tGood Catchment: Nermally the funnel shaped catelments with hilly terrain:
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Average Catchment: Catchimant In the plains:

Bad Catchment: Catchment with lesser mainfall, dense growth of vegetation,
permeable soll and sub soll

Fixing the capacity of 1ank:

1 Method:
Run off available &t the tank site after meeting the
i i d
Terik Capacity = requirements of the existing imga.ﬂan and proposed schemes
Number of fillings for the tank based i working fatiles.
Il Method:
Teural &
Tark Ca _ The commandahle culiural ayacut undw_!hf propased tank

{Memaoir ar prevailing duty] < {Numbser of illings for the
tark based an waorking tables),

Duty for the tank: For all the new schemes, 25% over and above the normal
duty in the adjoining tank (or) the basin
|Vice CE {1} Memo: No. R1/30363/67 1 dt. 28.9.67.]
13.16. STANDARDS OF TANK SLUICE BARREL

{Based an C.E {if’s Memo. No. K.Dis N2/ 5937/ 76 di. 29-1.76).

Depth of water at Specification of Sizw ol borrel or
FTL. oversill of barrel, plpe
sliice
1. 2 .50 mand morg Muozanny o 060m %X 075m
HC.C. bamel
2. Betwean 120 mand RC.C hume Mintmum Dim of 45 om
250 m plpts
3 Upto 1.20m ’ dix Minimum Dia of 30 em

Note: Limitiag velocity through (b bamel/ pipe bs 457 m/sec {15/ sec}

13.17. STABILITY CALCULATIONS:
The section of the anlcut/ welr has (o be cheched for the following condiions.
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1317.1. Anleur:

{1} When the front water & upty crest level/ten of shitters, and no rear water:
{2) Whaen the rear water is upto crest level nod front water above cresi:

{3) When the rear water is at F/K and front waler sbove crest, where H iy
hesght of weir budy wall;

K "“%. where tl I dapth of flow over the crest: & [ s Tall waler depily

13.172. Tank/Pond Wi
1. When frantwates s juss st FTL/EPL.:
Whian front water & at MWL and when the tank/ pond is surplusing folby;

13.18. POND SCHEMES:

Fond Schemes are intended 1o stote up water and to mise water table tn the
adjoining wells, No direct ayacut 5 contemplate under these schemes. The
pand schefnes are exccuted with a view 1o ralse wet crops under the atlivining
wells, Tin crops are not contemplated under the ponds.

The vardsticks lized lor the pond schemes are:

{1} % ton per nore for stabilisation of supply to the existing awai (for two
craps in 3 season)

(i} 1 ton per acre for newly brought under cultivation or for the gap 1o be
bridged (o Y= lon per acra per crop for o crops)

It s assunied Lhal the wells situmtedl within 3000 feet in the lewer teach of the
pond will get rechanie of subsoll waler From the pond. One Million ok of
storagain the pond i capable of benefiting either 25 acres gip or 100 acres of
existing nyacut under the welis

13.19. FIXING SILL LEVEL OF TANK SLUICE:

The sill keveld of the tank shuice shoukd be fixed wr. to the fevels of the ayacut in
rear of the shulce (Le.) Y foot above the mean havel of the highest eld trrigated
by It and whera the land to be (rigated |s at & considerable distaney from the
carifet, it is nucussany [o make a further allowance for surface fall in the fleld
chanrel Where a small fraction of e whole aren i ot a high level and the rest
al i lowe one, the sverage level ofthe area irmgoted by the pipe should be talien
in-plaee of thie highest

13.20. FIXING THE CREST LEVEL OF ANICUT:
This is fixed with reference to the F.T.L. of the firs tank to be fed on sither side
of the anicut or the highest fleld level of the lands tobe fed n the caze of direct
ayacut, the slope of the canal, driving head_ e

Pler: The pier in the hend sluicef reguiator has o be checked for longitudinal
thrust and the fellowing conditions of cross thrust:
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(a) Water upto the top of shutters, one shutter fully opened and the remaining
shutters closed

{b) Flood conditians with one shutter closed, as for instence, if the gear were
broken, and all other shutters lifted clear;

13.21. SCOURING SLUICE:
1. The sill level may be fixed at a level as low as possible so as to faciitate
success in operation.
2. The linear waterway should be 1 to 1% times that of the head shuice
3, iwum may be located perpendicular both to the anicut and the heac
ica.
13.22. DESIGN ASPECTS FOR PERMEABLE
FOUNDATION:

1. The outer faces of the end sheel plles are much meore effoctive than the
innet ones and the horzontal length of Boor,

2. The intermediate piles act as secondary lines of defence. They, if smaler in
length than the outer ohes, are inefluctive except for kcal redistrbution of
pressures

3 Undesmining of floos san from the et end (ial] end). If the hydmaulc
gradient at exit ls mare than the critical gradient for the particular sub-<oil.
the soll particles would move with the flow of water thus causing progressive
degradation of the sub-soil, resulting In cavities and ultimate fallure.

4, It is absolutely essential to have a reasonably deep vertical cur off at the
dewn-sirenin end o provent undenmining






XIV HIGHWAY ENGINEERING

14.1. GEOMETRICS OF ROADS
14.1.1. Introduction :

Roads ina country can be taken as an index for the level of development of the
country, Due to the enormous increase of 1oad traffic by different lype of
vahicles. the design of good roads has assumed a very areat Importance. The
purpose of thislecture isto be expose 1o the participants some salient features
ol the geometric dasign of roads.

14.1.2. Geometric Design :

Geomeme design of roads denls with alignment, grades. widthe, =sight
distances, curves, slopes, etc. Structursl design was given more importance il
the last decade. Now geometric layout of road Is given more importance.
Specifications have been lald down by LR.C. the Ministry of Transport
{Road wing) etc.

Geometric deslgn of o read should aim arthe maximum beneflttotrallic atthe
least cost while causing minimum interference to agricaliure, industry, etc.
ant the same Hime fitting into the landscape, 5o 25 to present an assthetically
pleasing appearance.

14.1.3, Classification of roads :

Roads are classified broadly as follows :
National Highways (NH}

State Highways {SH)

Major District Road (MDR)

Other Distret Hoads and (ODR)
Village Roads. (VR)

Sometimes they are classified according 1o the terrain over which they are
formed.

Level Termain — Cross slope less than 10%.
Rolling Terrain — Cross slope 10 ta 25%.
Moun@nious Terrain — Cross slope 25 to 60%
Steep Terrain — Cross slope greater than 60%.

e LAl pac e
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14.1.4. Capacity :

Capacity of road Is the masdmum number of vehicles that can pass over agiven
‘section ol roadway during 2 given petiod of {ime (Uscally an hour) Tt is
expressed In terms of passenger car units (P.C.U.5), Ministry of Transports
{M.O.T } and Central Road Research Institute (C.RL.RL.I} spetify the Passenger
Car Egivalent (PCES) fur various types of vehicles on the road.

Vehicle Equivalent
Factory of PCU
Passenger Car, Tempo and Auto-rickshaw 1.0
Cycle, Motor Cycle, Scooter 05
Cycle-rckehaw 1.5
Truck, Bus, Agricultural Tractor-Tmailer: 3.0
Horse-drawn wehicle 4.0
Bullock-cart small 6.0
Bulloch-cant large 80

M.C.T. — Technical Group has recommended the following specifications:

Road Type Recommended capacity

1. Single line with earth shoulders. Upio 1000 P.C LV's per day.

2. Single lane with 1.5 width all Over 1000 P.CUs but less
weather shoulders on aither side than 2500 P.C.U's per day.

3. Two lanes under Ideal Dver 3500 P.C.U's but
condltions. upto 10000 PC.U'% per day.

14.1.5. Vehicle Data:

LR.C. specifications in respect of maximum dimensions lor road design
wehicle are furnished below :

Width of vehicla : 244 m
Height — Single decked ; 380m
Double decked : 4.70m
Length — Single unit — 2 axles 1070 m
Snghe unit — more than 2 axles 12.26 m
Semi trallor*combination 1520m

Tractor Trailor combination 1830 m
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14.1.6. Sight Distance :

Sight distance is the length of road ahead visible to driver. This must be
prowvided on straight lengths, miersections, horizontal cures and vertical
curves. Thiscan be chssified as :

il Stopping Sight Distance.

{if OCvernaking Sighl Distance.

{il} Meerng Sight Distance.

{iv)  Headlight Sight Distanca.

14.1.7. Reaction Distance :

The reaction time is the total period between the harard coming into viewand
the instant the brakes lake effect. It comprizes of

() Perception Time.

(1) Inteliection Time.

() Emotion Time PIEV TIME
(v} Vaoliton Time.

This PIEV TIME depends upon
1)  Physical characteristics of the driver.
i) Physchological factars.
i}y Environmentzl canditions.
iv) Purposs of trip and
v}  Speed of vehicle,
The total reaction time of an everage drver is 0. 5second for simple dituation
and 3 to 4 seconds lor complex situstions, LRC, has recommended the
following reaction mes
for speeds 50 KMPH 3 seconds.
& KMPH £2.75 seconds.
B0 KMPH 250 secands.

Roacting disancn Is the distance travelizd by the vehicle during total reaction
timae.
14.1.8. Braking Distance :

Braking distance ls the distance fraveiled by the vehicle after apph:allnﬂ af
brakes. |t Is given by the fonnula.
| (0278

Zgi
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where I. 1 the braking distance.
V & the design speed.
and I is the coefficient of friction {0.4)

14.1.9, Stopping Distance :

Stopping distance s the sum of reaction distance and braking dstance.
Stopping distance = Reaction distznce + Braking distance.

=028V 1+ 001V
Safe #opping distance fer differant speeds are given below

Speed in KMPH 20 25 30 35 40 50 656 80 100
Sale stoppling distance
in metres. 30 30 35 45 50 T 90 (Eu 17

I is essentlal to provide sufficlént comer sight distance to allow an
approaching driver unobstructed view of the enfire intesection.

14.1.10. Horizontal Curves :

Steaight alignment induces monsteny 1o the dviver causing acoidents. Fla
curves should be used In conjuction with transmission curves, Compound and
Revarse curves should be awsided. Sharp Curves should not be introduced st
the ends of long angents.

Minimum radius of curve in metres
Highway Plain Terrain Raling Tersin

Absclute Ruling Absolute Riling.
minimidm minimum milnimum roinkryem

NH, 5H 250 370 155 250
MDR 155 250 93 165
ODR o3 155 &0 23
Village roads 60 53 45 60

14.1.11. Super Elevation :

In India, the majority of vehicies travel atless than the designspeed. The super
elevation is so designed as to counteract the centrifugat farce developed at
/4 deslgn speed.
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Super elevation = V/256 1

The super elevation
I}  allows design speed even in curves,
il helps to keep the vehicle to the comrect side.

i} lessens the danger of skidding.
i) results in less wear B tear of tyres B springs.

14.1.12. Extra widening of curves :

Due to the difficulty experienced In steering the vehicle at bends, extra
widening at bends is quite essential. This s glven by the following formulz for
each lane.
W=[*2R where
W is the extra width in merres.
L Is the length of wheel baze of vehicle.
and . s the radlus of curve in metres.

14.1.13. Vertical alignment :

The vertical alignment should be smooth and economical. It Is desirable o
have grade lines with minimum breaks and long lengths of grades
IRC recommands the following gradients.

For roads In plain 2nd mlling terrain

Ruling gradient 333%
Limiting 5%
Exceptional 6.66%

The length of exceptional gradient should not exceed 60 m in a length of
1 KM

For ghat roads raling Limiting
gradien| gradient

Maintain terraln amd steep over

3000 M height above M. S, L. 5% 6%

Steep terrain upto 3000 M

height above M. S L &% 7
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14.1.14. Vertical Curves :

Vertleal curves are provided in elevetion atchange ol gradients. There may be
convex or concave These curves are not necessary when the total grade
change from one Eagent to the other doesnot exceed 0.5% verfical curves are

usually parabolic.

14.1.15. Typical Highway Cross Section :

14.2. Width of Carriage way and Roadway

{As per Indian Road Congress)
metres formatic
widthlin metres
Type of road m
E @
=1 g,E £ B EE E E
TIEARTIE 2l B
S EEE !IE pel £ 5
— o| 5 o 2 2
BEA3E(G87 20| 2 | 3
= b
Natienal and State
highways 38 70 75 35 120 120
sisobinio s a8 - - = 100 -
Ohther district roads a8 - - . s &
e 5 = o = 75 -

Formulti-lane carriage ways, the width of roadway will be govemed by central
verge, footpaths, cycle tracks tc. and width of roadway or formation s to be
designed sccording to the requiremants in each casz.
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14.3 Width of Carriage way on Road Bridges

(As per IRC)

Clear width of carringe way
Type of bridge on road bridges in metres
Single lane bridge 3B
Two Jane bridge 75
Bridges on divided highways with four 7.5 m for ench two lans
lane dual carriage way (two lanes on carrlage way

wlihser side of the central dividing verge:)

14.4 Minimum Land Width for Roads

{As per IRC)

Class of road

Marional 2l slale highways
Major district mads

Other district roads

Village roads

Class of road

National and state highwayy
Major district roads

Orther district roads

Villaipe roads

Open area and agriculiursl countny

Width of road land Butlding Control
U lines

overall overall

Momalin  Hangein  widthin width fn

matres metres metes metrey

o 30—60 60—65 140
20— 30 &0 100
15—-25 25 40

15 15— 20 25

Lirban and indusirial areasz

Width of road land Building or set back line
Mommalin  Range in width ol strip beyond road

metres matren boundny in matnes
25 25— 60 3-,5

15 15—20 )

10 In—15 -

10 10—15 -
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14.5. Gradients of Highways

{As per IRC)
Terrain Ruling grade Limiting grade Exceptional
grade
Plaing 1in30 1 m20 lin 15
Hills 1in20 1inl5 Linl2

Limiting Radii of Curves beyond which no Superelevation
I5 essential for different Surface Cambers and Speeds
{As per Indinn Road Congress)

Radius in metres beyond which no super elevation
is neoessar!,.r_fc_rr different type of surface

Diesign speed in

kilometres per Water-Bound-Macadam Blacktop Cement
hour conecrete
Camber Camber  Camber Camber

1in36 1ind8 1 in &0 Lin 72

25 100 130 170 200

30 180 230 200 360

a0 270 360 400 560

50 400 530 700 800

&l 704 960 1200 1400

a0 1100 1500 1900 2300

100 1600 2200 2500 2500

14.6. Extra width of Pavement in Curves

{Asper [RC)
Radius of Lhater &0 m o 150 m tor 300 m Aboue
Curve in 60 m 150 m 300 m 500 m 500 m
meires
Extra
widih in 1.2m 90 em B0 em 30 em nil

meires
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14.7. Camber

{As per IRC)

."ulpur LR.€. the minimum vahies of camber for different pavements are given
beslewy: —

1. For concrete pavements lin72
2, For bituminous surface 1 in 60
3, For water-bound macadam Tin36w1ind48
14.8. Maximum size of Stone metalfor Road work
{As per IRC)
Tupe of stupe Hand broken  Machine crushed
in mm In nom

1. Heww soft stone Hke lime sione,

laterine etc Fis
2. Harder stone like granite gneiss

tjuaredie sand stone ete 50 38
4 Hard tough stones like basalt,

hard trap etc. a8 25

14.9. Purpose for varlous grades of Bitumen
{As per IRC)
Grade Purpose
85/25 and 95/15 Expansion and contraciion joints in structures, fixing
ol Insulation coats in building.
B5/ 25 and 115/15 BP.C, insulastion of cold storages, coating of plpes.

85/25 and 85/40 Sticking of biturmen felts,
116/15 and 135/10 Manufscture of bitumen felts,

14.10. Quantities for Binder and Grit

{As per iRC)
Coat Binder Grxe
1, First coal 1.7 to 1.95 kg/sgm. 1410 15 cum /100 sqgm,

2. Second coul 10w 122 ky/eom. 090 LL cum /100 sg.m.
3. Henewal coats

oz subsequent

coats 0.9 kg'sq.m 06w 075 cum/100 sq,m,
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14.11. Quantity for spreading of Coarse Aggregate

{As per IRCI
Compacted thickness Quaniity
50 mm 063 cum,/10 sqm
75 mm 0.90 ewm./ 10 sq.m.

14.12. Quantity for spreading of Bituminous Binder

{As per IRC)
Compadcted Bindor Cuantiy
thickness in ka/10 sqm
5 em {1} Straight run bitumen L]
[i§} Road-Tar RT-4/HT-5 60-65
7.5¢m (4} Straight iun bitumen 68
(i} Hoad Tar RT-4/RT-5 H2-88

14.13. Lives of various types of Roads

{As per IRC)
1. W.B.M. Road with regular repalr .~ Pyears
2. Surface driessing (single coat) - dyears
3. Bituminous grouted macadasm w = Byears
4. Premix bituminous carpet w = Biol5years
5, Sheet asphait surfacing v I 15 years
6. All cancrete roads 25 to 40 vears

All these lives are-approximete and depend on thn nature nl traffic. intensity of
traflic, minksll in the ares; characterbstics of road metal and other climatic

agencies.
14,14, Patch repairs in Roads

For sstimating purpose the following quantifies in metal may be taken for
pah:itrmknaduaﬂypcriﬂnnmofmud length and 3.8 metie width of

Ugi'll'l:rﬂiﬁtﬂ — 1210 15 cum:
Medium traffic — 161025 cum
Heaw traffic — 0mwdloum

For partions on gradients. add about 25% adra
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14.15, Suitable Roads for particular Traffic

{As per IRC)
The intensity
Mature of of raffic Suitable roads
traffic b/ width /day
Light Less than 160 | Earth, moorum, gravel, kankar, crete-
; ways and stabllized sail roeds etc.

Medium 160—330 W. B. M. surface dressing, creteways.
15 cm plain concrete road, bounded
concrete 5 cm thick laid on existing
W, B. M. zurface,

Heawy 330-500 Surface dressing (two coat) grouted
bituminous macadam, 15 em plain
concrete road, bituminous carpet:

Very heady 500—1400 Bituminous grouted macadam, asphalt
concrete moad, 17.5em R. € C. road.

1400—3500 | Sheetasphalt, 20 em R C, C. road,
3500—5000

225 cm R. C. C. road, or hard stone
paving {granite}. -

As general rule concrete roads prove more economical than bituminous
roads in the long run though the inltlal cost of construction of concrete
roads is much more that of bituminous roads.

14.16. Sight distances at Road Junctions

(As per IRC)
Speed in km/hour 25| 32| a0| 50| 56| 6080
Sight distance Inmetres | 20 | 30 | 40 | 50 | 70 | 80 | 120

For Indian conditions above sight distances at road junctions are
recommended which are mken on the centre lines of the road.
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14.17. Essentials for an Ideal Road
{As per IRC)

1. Straight road speed in
ki hour 30 40 50

2. Rotary tuming speed in
kmyhour

3. Min diametar of central
sland

3

80 100
2% 30 40 S50 36 60

{2} without super-elevation 30 50 70 90 160 210

(b) with "4s super-elevation 30 40 60 B0 120 130
4. Min. radius of edge of

pavement or Kerb (For

trucks and buses) 1Bm 18m 30m 40m 60m H0m
5. Width of carrlageway

amound island TBmg ——— —_ o — 5 10m
6. Weaving length Min im 40m 50m 60m 70m B0m

Max. - T0m 100m 130m 170m 200 m
14.18. Ruling and absolute minimum radius of curve
in metres In round fgures
{As per IRC)

A far 2s possible curves in a road alignment should be avoided. But wheneyver
have to ba introduced they should be of large radius. As per LR.C.
recommendations, radii of horzantal curves in relation to the speed of the
vahicles should be as given in Talle

Flat or rofling country Hilly courtry and restricted
localities

Deslgn Ruling mini Absolutely Ruling Areolutely
speed In mumradius  minkmamin minfmum | minmmiem o

kmn/hour In metres metres I metres metres

&5 - - 50 40

30 100 A0 &0 50

40 130 6l 100 &0

50 170 100 130 100

&0 250 150 12

80 300 250 - -
14.195. Horlzonial Clearances of poles of street lighting
For roads with ralsed kerbs — Minlmum 30 am from edge of raised kerh,

60 cm preferable.

For roads without raizsed kerbs  — Al least 1.5 m from edae of carriage way,
subject to minlmum of 5 m from centre
line of carringe way.
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14.20, Bridges and Culverts
14.20.1 Determination of Linear Waterway

In large ratural freairs in alluvial bed and having undelingd banks. the linear
waterway shall be determined by —

whereL =the linear waterway in metres, Q = fhe designed maximum discharge
in cumecs., ant C = & constant usually taken s 4.8 hut lis value varles [rom
4.5 to 6.3 according to loeal conditions.

14.20.2. Minimum Vertical Clearance

For high level bridges which are approximately rectangular or with a vary flat
curve of the soffit of superstructure the niinimum clearance shall be —
Upto0.3 cumec- 15 em, from 0.3 to 3 cumees — 45 cm, From 3 to 30 cumecs
— 60 ¢m, From 30 to 300 cumaes — ) cm, From 300 to 3000 cumecs —
120 em, and for more than 3000 cumecs — 150 cm.

The minlmum clearance shall be measured from the Jowest point of the deck
structure inclusive of main girders in the central half of the dlear opening.

14.20.3, Maximum Depth of Scour

The foliowing theoretical method may be used us » quide while dealing with
natural sireams in alluvial bed —
p=0473 (/1’4

where [ =depth of scourbelow H F L for regime conditionsin stable channel
in metres, ) = designed discharge in cumecs, and f = Lacey’s silt factor fora
representative sample of the bed material

The maximum depth of scour may be taken as : In a straight reach - 1.27 D,
al @ moderate bend — 1.50 D, at a severe bend-175 D, at right-angled

beggg %nn D, atnose of plers ~2.00 D, and at upstream noses of quide banks

14.20.4 Top width of Abutments and Piers for Simple Slabs and
Girder Bridges just below caps

Cement masonny Lime masonmy
Clearspan ‘A’ of abur- ‘Bolper 'A'ofabut- B’ of pier
I matres. ment in cm incm ment in cm incm
3 i 50 50 [i1]
G i 100 120 130
12 100 120 130 140
24 130 160 170 190
40 170 19C 200 220

60 m and above 1940 220 240 250
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14.20.5. Loading Classification

{As per IRC)

IR C Ciazs AA loading:—

This loading i to be adopted within certoin municipal limits, i certain existing
or contemplated industrial areas, in other specified areas and slong certain
specified highways. Bridges designe for Class A loading should be checked
for Class A loading also; as under certain conditions, heavier stresses may be
obtained under Class A loading. Where specified class 70R loading shall be
used Instead of LRIC. Af loading.

LRC Class A loading . —

This loading is to be nomally adopted on all roads on which permanent
bridges and culverts ar: constructed.

IRC Class B joading —

This loading is 1o be normally adopted for temporany structures and for bridges
1n specified oreas. Structures with timber spans are to be regarded as lamparary
structires for this pumpose.

14.20.6, Length of Clear Span

For masonnyarched bridges S=20H
For RC.C slal bridges S=15H
where S = clear span in metres, and H — total height of abutment or pier from
the bottom of its loundation to s top. For arched bridges it s measurgd from
foundation wo the intrados of the key stone

14.20.7. Earth Cushions for different helght of Abutments

For 150 metres height of abutment — .20 metres eanth cushion; for 300
metres — 120 metres, for 530 metres - 105 metres, and for 6,00 metres —
090 maetros earth cushion.

14.20.8. Width of Wall to retain Haunch filling

Base width Top width
Span Stone Brick Stone Brick
Upto 3 m 3 cm 3 e 30 em & em
om 45 om 45 cm Al em HMom
9m 53 em S6em 30 em M om

12m B0 em &8 em 30 em 3 em
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14.20.%. Afflux

The afflux is caleulated due to two reasons: (a) 1o see that there is not much
heading up of water above the bridge, and (b) to ascertain the fact that the
Increased valocity due o afflux does not exceed the permissible velocity under
the bridge. The afflux s calculated by one of the following formulae:

la) Mermiman's farmula hy= f ) Al?z = |
2g " £y A

th} Molesworth's formula h,, = EE o5 - Iﬂ]’ S |
556 a

where Cg — 075 + u_354%1 01 c:-lﬂ approxX.

Ag = heluht of afflux in fest, V = velocity of approach which is approsimately
equal to the natural velocity of the streams at the site i the obstruction is not
large, A = natural waterway al site, Cd — coefficient of discharge A7 =
enlarged area upstream of bridae, a = arfificial waterway.

Since both the formulae are emperical, the value of hg In metres gan be
obtained by conversion (1 foot — 0.3048 metres).

14.20.10. Free Board

The vertical distance from the springing level or the level of the bottom of
girder to the highest flood level is termed as free board, I following values
are adopted generally.

Girder bridges — 60 to 90 em, Arch bridges 30 cm, and far a navigalle
rivers — 240 to 3.0 metres.

14.20.11. Loads, Forces and Stresses

The falleawing loads, forces and stresses should be considered in designing
road bridges and culverts;

1. Dead load, 2, Live lnad, 3. Impact or dunamic effect of live load, 4. Wind
Inad; 5, Horlzontal forces due to water currants. 6. Longitudinal forces caysed
by tractive efforts of vehicles or by braking of vehicles elc., 7. Centrifugal forces
8. Buovaney, 9. Earth pressire, 10, Temperatyre stresses, 11, Deformation
stresses, 12. Secondary stresses, 13, Erectinn stresses, and 14. Seismir forces.

14.20.12. Equivalent heights and Surcharge of Earth
{As per IRC)

Particularlylincase of bridge abutments, the concentrated surfaca loads due 1o
the wheel or track load of any of the LR.C. standard vehicles placed on the
back-fill shall be considered to have the same effect as equivatent heights of
surcharge of earth shown below:
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Helght in metres for the concentrated surface loads due to the
wheel or track loads of the following LR.C. standard loading.

Depth of abut- [R:.C. Class AA LR.C. Class A IRC ClassB

ment below the and Class TOR loading Ioading
road level loading
m metres

Single Multitane Single Multilane Single Multilane
lane  bridge lang  bridge lane  bridge

Eridge “bridge bridge
0.2 %0 154 143 172 80 100
1.0 15.0 91 85 100 &1 5.8
20 2.0 55 Bl 6.1 30 37
30 68 4.1 34 46 23 2,7
4.0 55 3 30 35 18 2.1
6.0 38 23 22 26 13 15
80 3.0 18 17 20 10 12

10.0 26 15 14 17 09 1.0

14.20.13. Top widths of Piers for LR.C. Class AA Loading for Spans
other than Arches

Span Ih metres. Upto3 m Amtoim Bmwofm 7Tmicl0m
L

Top width &0 cm 70 em 80 em 95 om

Minimum top width. lor simply supported spans should be such as 1o
sccommodate the bridge seal with clearance of 15 cm between the bas.
Length of the pler I8 usyally made 1o extend 1% times the top width beyond
the centre line of thie outer girders or russes, The depths of cul and
walers are not counted In the length. Piore are usualhygiven a battwr of 1 n 30
for brick it cernent mostar and 1 in 24 for brich in goed firme mortar, Maxlmum
batiar givenis 1 in 12

14.20.14. Rolling Stock Welghts

{As per [RC)
Deseription Loaded weightin Unloadesd weight
{onmes in lonnes
I. Single truck single deck 98 79
2 Elngii‘zdeski]ugh:a: 153 122

3. Double dech Bogie ca 2156 16.0
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14.20.13. Dais for R.C.C. slabas for bridges
{As per RC)

This dea is for RICC. slabs for road bridges freely supported with B om
wearing coat for IR.C Class A loading:

= - E Reinforcement
Clear BMper Shear 23 = Muin Distribution
spar in et per % g
metres  widthin - metre ® 2 @ Bardin  Spacing Bardia Spacing
kg cm.  widih %-!t i cfcln Inmm S
73 g om om
0.590 117500 5558 18 0 B 8 17
120 164300 6216 19 12 In 12 25
150 200000 6328 20 12 10 12 &5
1.80 333000 7938 23 12 8 12 £]
210 403500 8470 254 16 11 12 20
240 493000 8750 275 16 10 12 18
270 568000 9226 30 18 13 1 18
3.00 678500 9324 32 18 12 14 28
360 B92800 9994 36 18 10 14 26
420 1142800 10632 40 1 10 14 25
450 1278900 11004 425 25 15 14 25
480 1407000 11129 44 25 15 14 24
540 1692750 12082 48 25 11 14 24
600 2024570 12964 53 25 12 14 23
660 2364150 13664 56 25 12 14 23
720 2696300 14532 60 25 1 18 30
750 2964100 15050 625 26 0 18 30
B10 3432000 1sl28 68 25 10 18 28
900 4249700 13032 75 25 9 18 27

14.21. Arboriculture

Tree planting o he proposed well in advence, when the proposal of lsying the
road is made, of course with due considerations for the kiture expansions of
Road width atlatter date, Once the road side svenue trees grown, the travelon
read by any mode of comeeyanice cuding pedestnans aré made  quite
comfortable apart from the ravel fatigue reliel, i
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“Engineers are Naﬁonel Builders"
\ “anirJawaharlal Nehru.

‘Whe Countiry has done to you
Think what you hdve done for the Country"

F.Kennedy
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"It is by Planning step by step as Glso by deriving
strength through Self-reliance, progress can be
achieved’

nath Indira Gandhi

“Too much importance is being given to Polikc(nd/~'

Politicians It is not good. | feel that importance is not

being given o Writers. Scientists, Engineers and
Archilecyms should change
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“Agpiploma Engineer is no way inferior fo a Degree
Engineer for the purpose of Government senice”
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