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ENGINEER’S MOTTO.

When we build let us think that we build for ever.
Let it not be for present delight nor for present use alone.
Let it be such work as our descendants will thank us for.

John Ruskin,

PARAMBIKULAM CHIEF RETIRES.

Born in the year 1903 in a distinguished family, .
Sri. U. Ananda Rao had & still more distingnished acade-
mic career, followed by a long and devoted public service. ...
Securing the first rank in the Guindy Engineering C‘f)llege
in the year 1926, he was taken into the Indian Service of }:
Engineers in the same year and began his service as Assifs-
tant Executive Engineer in Madras. As Executive Engi~
neer, he was in charge of many important works including
the construction of the Poondi Reservoir, investigation of
Lower Bhavani Project, ete. During the brief pericd be
was associated with the Tungabbadra Project, he was res-
ponsible for proposing an aqueduct instead of a barrage Y
across the River Hagari, which change resulted in a savings |
of about Rs. 10 lakhs in those days. In recognition of
this, Government were pleased to confer on him the title of
Rao Bahadur. As Superintending Engineer {Food Pro- ‘
duction), he organised and gave fillip to the numerous Minor Irrigation .Schemes spread over the
entire composite State of Madras before the separation of Andhra. He hfbd a,ssu'med charge as
Chief Engineer for Irrigation in 1954 and directed the execation of x‘nany ot thef First and Se,'cond
Plan Projects, such as Sathanur, Amaravathi, Krishnagiri and Armnar., cte. ‘His mtabie ‘achleve-
ment is the Parambikulam-Aliyar Project which was econceived and‘ mvestfguted by him from
the beginniug. In February 1959, he was appointed as Special Chief E}ngmeer solely for the
exocution of the Parambikulam-Aliyar Ii’roject. He had begun works s:multaneously‘m all the
dams and tunnels which arc now in fast progress. He completed the construction of the
Alivar Dam, one of the eight dams in the ParambikglamAHyar Project; and it was opened for irri-
gat;ion of 7,500 acres on 2nd October 1952, by the' Chief Minister of Madras. Thus he had the
anique opporbunity of not only investigating a giant {.)rc?,;ecb‘from the begiuning but also had
¢he fortune of bwinging it into fraition. With such a c.hst}mgunshed record_of service for the last
37 years, ho retired in Febraary 1963, at the age? of sixty, lHe was President of Central Board
of irrigation and Power during the years 1961-63.

We wish him long life and happiness in his retirement.
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SAPINDUS EMARGINATUS
By

Sri J. WALTER, B.aA.,B.E., M.I.E. (Colorado). *

Synopsis.

Sapindus Emarginatus is the botanical name
for the commonly known soap-nut which is used
by goldsmiths for cleaning orpaments. Its
efficacy as an air entraining agent in concrete
is discussed‘in this article. The effect of sapindus
emarginatus on the workability and compres-
sive strength of concrete as well as its suitability
as an air entraining agent has been studied in
the Concrete and Soil Research Laboratory.

Introduction.

Among the outstanding developments that
concrete technology has undergone in recent
years. purposeful air entrainment obtained by
the addition of external agenis to the concrete
is worth mentioning.  Purposctful entrainment
of air is accomplished by adding an air entrain-
ing agent to the Concrete mix which results in
dispersion throughout the mix of non-coalescing
spheroids of air having diamcters from 0.003 to
0.05 inch.  Entrained air acts as an additional
flexible aggregate which greatly increases the
workability for the same slump with substantial
reduction in sand content and watcr content. In
many cases this permits the use of lower slump.
Other immediate benefits of using air entrained
concrete such as reduction of bleeding, segrega-
tion and time of vibration and finishing, etc., have
been generally well demonstrated and  accepted
during the past.

Materials that are used for the purpose of air
entraining in concrete fall into one or more of
the following classes :——

1. Natural wood resin and other soaps.

2. Animal or vegetablz fats or oils, their
fattv actds and their soaps.

3. Alkali salts of sulphonated or sulphated
organic compounds, such as synthetic detergents.

From this general classification it will be
seen that there are innumerable materials which
will entrain air.  In India where vegetable
growth is abundant the exploitation of suitable
air entraining agents under the first two classifi-
cations mentioned is justified. With these points
in view pilot experiments were conducted in the
Concrete Laboratory at Madras on ™ Sapindus
Emarginatus ” (which goldsiniths call as “ Nurai-
kai™) for use in air entrainment in concrete.
Sapindus Emarginatus is widely grown in India.
The annual yield of this material in  Madras
State alone is about 240 tons.

Preparation of the agent.

This air entraining agent was used in a
powder form prepared from peels and shells  of
Sapindus Emarginatus after roasting it in an oven
at 60° ¢ for about 15 minutes. The ovendried
shells of Sapindus Emarginatus were  pulverised
well and passed through ASTM  sieve No. 8.
This powder was added to the mixing water in
different ratios to the quantity of cement used to
obtain the required air cnirainment.

Test Procedure.

1. "Compressive strength experiments  were
conducted on concrete with maximum  size of
coarse aggregate 11 inches and sand of medium
fineness. Coarse aggregates used in the tests
were broken metal from Pallavaram quarries.
River sand of medium fineness available near the
city of Madras was used as fine aggregate. The
optimum percentage of sand to total aggregate
which gave the least unit water content for the
concrete of 3 inches slump was selected for each

* Superintending Engincor (Designs), P,W.D., Madras-5.
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of the three water cement ratios 0.45, 0.5, 0.55.
With these three optimum percentages obtained,
different percentages of air entrainment up to
about 6 per cent by volune were tried for a
constant slump of 3 inches and without altering
the mix proportion. This resulted in a reduction
in water content (please see tabular statement
I, IT and III).

Durability.

2. As there is no spccific procedure for
conducting durability tests of concrete, sound-
ness tests of aggregates as per ASTM procedure
No. 88-46-T was adopted for concrete.  Six
inches cubes were cast with mix 1:1.98:3.2 with
water cement ratio = 0.5.  Sapindus Emargi-
natus powder was added in proporticns O and
15 grams|15.775 pounds of cement. A saturated
solution of sodium sulphate was prepared before
starting the test. Cubes after 28 days curing
were dried in an oven at 100°C  for 5 hours
and weighed and then kept in the solution for
18 hours and then again dried in an oven for 5
hours.  After removing from the oven, cubes
were allowed to cool for 18 hours. Each
weathering and drying constitutes a cycle. The
experiment was repeated for 12 cycles. It was
found that there was no loss in weight, The
results can be seen in statement I'V.

Further experiments.

Experiments are under way to introduce the
air entraining agent in a liquid form (as in the
case of Koynza air entraining agent). The
Koynza a.e.a has been prepared by dissolving
rosins in sodium hydroxide to obtain a 10 per
cent solution. The. Sapindus Emarginatus
powder was dissolved in sodium hydroxide and
an extract obtained. The extract which was
readily soluble in water has been compared for
the stability of the air bubbles with the Koynza
a.e.a. The photos enclosed show the compara-
tive stability of bubbles after 2 hours. Even
to-day large amounts of vinsol and other air
entraining agents are imported into our country.

Conclusions.

1. Sapindus Emarginatus can be used
successfully for entraining air in concrete up to
5 per cent by volume.

2. There is an increase in strength of
concrete up to 5 per cent of entrained air for
the same workability.

3. The concrete with purposeful air entrain-
ment using Sapindus Emarginatus is found to be
quite durable.

4. There lies a great potential for manufac-
turing on a large scale at national level the a.e.a.
out of sapindus emarginatus.
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TABLE III.
TABLE 1. MAx. SIZE OF AGGREGATE = 13"
Max. S1ZE OF AGGREGATE = 1}” ' Mix. PROPORTION = 1i 2'2 : 345
—_ n
Mix. PROPORTION 1 : 165 : 294 Srume=3
SLOUMP — 87 PERCENTAGE OF FINE AGGREGATE TO COMBINED AGGREGATE= 39.
= X od g~ &8% e Mean oomprean'_ve
PERCENTAGE OF FINE AGGREGATE TO COMBINED AGGREGATE=36, Materials uaed. S § ) 5 sirength (of six cylinders
A 3 L3 - LAY :
Materials used. . £ 289 3 Mean compressive — . ) §= w53 S, ,E 6 dwl.ztl228 :i: P:mgh-t)
r A N g 3 = strength (of ssx E, ERS - § g S y8.
. S 5 e 2 cylinders 67 dia. 127 =3 = Y- “ ~ . LY
< 2o ST = in h.) at 28 daya N 3 8 w3 E: 3 L% S R 2
2 3F  TEg N ———— s 3 § < 2 > s 8 5T 2 3 T
K . 3 s 2.3 S = : § =8 < 3 P 3 S .21 w 5
O . = : 8 8 s o R © = = S e e - g s -8 Qg . ~ M
L S 3 N 2 > 5§83 . ) 2 R 3 3 v £(3 23 QEEE £ 3 §
3 RS 2 = ®3 Ee el = > s K] 3 ’g 2 § g TR SE8§3 h ] ©
g RS 8 - N o 3 > g S <] = z 3 3 3 '» S > e [
S 3 s g 5 513 2 Tei: 5, < % g s 3 8 S S BIS Boos & ¢ =
3 5 E 5 s 513 S® §Iss 5 3 8 O @ (3) (4) ®) (®) @ ® (9) 1)  ay
» 0 O QO [ o 53 = 2 . .
(i (2 (3) %) (5; (8) (7) (8) (9) (10) (1 1. 100 64 29 15-96 0550 0 0 19 1,841 129-4
1. 100 56 34 15-30 0-450 1) ) 17 2,123 149-3 2, " . v 1550 0:530 10 0-345 36 2,141 150:5
2. 100 » » 15:00 0-440 10 0-294 26 2,849 2003 | 3. ” » 1475 0-510 20 0-690 46 2,248 1580
3., ., ) 14:80 0435 20 0-588 3-8 3,398 2380 i, . . 14:38 0497 30 1035 54 2,530 172-9
4. . ' 14.38 0-423 30 0-882 46 3,057 25001 5. v . ’e 13-94 0-480 40 1-380 54 2,123 149-3
5 ) . 14-20 0415 40 1176 50 2,831 1990 6. n ” 1350 0-465 60 2070 68 1,773 12 -7
6. ., . . 14:00 0412 50 1-470 50 2,583 1816
T . . 1400 0-410 60 1764 58 2335 1642
TABLE II. STATEMENT 1IV.
Max. SIZE OF AGGREGATE = 11" DUKABILITY TESTS FOR SAPINDUS EMARGINATUS.
Mrix. PROPORTION =1 : 1+08 : §:23. 243 0% s N §
SLump =37 :g 3 é-g‘ 33 -'§‘_3’ TZ
PERCENTAGE OF FINE AGGREGATE TO COMBINED AGGREGATE =38, ;; . §:§ §,g 3,5 §
Y, <3 g
Materials used. é n ;: Mean eompressive %ig g 'E 3 ».g‘ .§.§ S
—————— —A N 3 2 streveith iof sive gt indery § $ 2'3\ ig § 3 '?o * .
B é‘ ; z 6 clml, 127 in It 5: Vc) Ry © &
~ - z at 21 day~
, N =7 —— 0 0 1. 1940 19:40
SO . = : . s : T 2. 1945 1945  No loss.
2 3 3 R = _s\ © £ L L .
: = s < 2 = . B 3 2 z 0022 15 1, 1980 19-80
N it 2 ~ P = = = . . A
303 E g 3 4 T8 £k = T3 2. 1958 1958  No lcsa,
n @ 3 () (3) (6) (7 ) (10 (1,
1. 100 613 31 15:50 050 0 18 1974 1358
_ » ,, 14-63 (47 10 0323 32 2.548 1791
3. » » » 13-62 045 20 0646 40 3,008 2115
4 . . , 1358 044 20 0-969 50 3,397 2388
5 ’ , " 13:50 0-43 40 1-292 592 2,548 1791
6. . . ; 13-50 043 50 1615 54 2,335 1642
- . ” 13-25 0-42 60 1938 6-0 2,266 1565 ' 109
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A PHOTOFRAPIIO ILLUSTRATION TO COMPARE THE STABILITY OF SAPINDUS EMA RGINATUS WITH KOYXN
S EM: NARa

At O minutes

[ N e R e v S -

After 60 minutes

After 30 minutes

After 120 minutes

1. Koynaea.

2. Sapindus Emarginatus.

SATHANUR RESERVOIR PROIJECT
SECOND STAGE
By
* SRI SYED BASHIRUDDIN, B.E.

The Sathanur Dam is constructed across river
Ponniar which rises fromn tihc Chennakesava
Hills in Mysore State and flows through  Salem.
North Arcot and South Arcot districts.  The
river enters the Bay of Bengal ncar Cuddalore
Town. The drainage area of the river is ncarly
5,000 square mifes and is under the influence of
south-west and north-east monsoons. The floods
in the river are usuallv of short duration rising
and dwindling rapidly.

2. Prior to the consituction of Krishnagiri
Reservoir Project and Sathanur  Reservowr  Pro-
ject under Second Five-Year Plan there were no
reservoirs across the river excent the one near
Hosikote in the head reacir of the river. Irriga-
tion was carried on by channels taking off with
open heads or from anicut at Aliyalany, Nedun-
gal, Thirukkoilur and Ellis Choultry and the
storage was limited to small tanks fed by these
channels.

3. The Krishnagiri Reservoir recently cons-
tructed at a distance of about 108 miles from the
origin of the river has a  storage capacity of
2,410 m.c.ft.,, and is desiened to irrigate an
extent of 9,000 acres.

4. The Sathanur Reservoir is constructed at
a distance of about 178 miles from the origin of
the river.  The project consists of a dam 2.580
feet in length to hold a storage of 4,565 mec.ft
in the initial stage. As the main reservoir
is situated in a narrow gorge with rocky margin,
the main canal could not be taken directly from
the reservoir. Water is let down in the river
through five river sluices of size 5 feet by 6 feet
and this water is diverted into the main canal by
means of a pick up anicut constructed 4% miles

below Sathanur Dam across the river, The
canal irrigates a total cxtent of 21,000 acres in
the Taluks of Chenguin, Tiruvaunamalai of
North Arcot district and Thirukkoilur taluk of
South Arcot aistrict.

5. The maximum flood discharse of the river
has been computed as 2,090,000 uvi,sccs at the
Dam site.  the surpius works  consists  of 9
vents of spillway 40 feet by 29 feet which are at
present uncontrolled. Ia addition, tnere is a
saddle on the right cnd for surpiusins, The
present F.R.L. or the crest of the spilﬁxay 1S
plus 709 and MW.L. is pius 729,  As there ;s
considerable fluctuation in the flow of the rivc;
the need for a reservoir with greater caaacit};
was kept in view while designing the dam. Tt is
Posaible by installing gates ¢f size 40 feet by 26
teet over the spillway to increase the capacity of
the reservoir from the existing capacity of 4,565
m.c.f't', to 8,100 mc.ft. Examining the ﬁow’ i;]
the river for the period of 35 years, from 1619--20
to 1953-5.4_. it is seen from working tables lh~at
a reservoir with a capacity of 4,565 m.c.{t.’ wiil
be succe§sfu1 for 19 years. However, om}ttincy
five continuous bad years, and examining ch
cyple of 30 years it is found that the reservoir
w111' be successful for 20 out of 30 years. With
a bl_gger reservoir of 8 100 mc.fr, capacity, it is
possible to increase the number of sucz:zessful
vears to 25. However, 7 years will be partiall
successful and 3 years will be failure. It is thu:g
possible to stabilize tiw supplies to 5.000 acres
of II crop under the Thirukkoilur anicut syeten:l
lower down in 25 years out of 30 years. S

6. It is now proposed in
' the second stage to
raise the present F.R.L. of the reservoir bgy 20

feet and make the F.R.1.. same as the MWL

* Suporiatending Engincer. P.W.D., Madiag Clircle, Madras-3 T e
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————

thereby increasing the capacity from 4,565 to
8,100 M.Cft.  To achieve this, 20 lift gutes are
to be provided for the 9 veats of spillway  with
neeessary counterweight operating arrangements
and platform.

7. The saddie on the vight flank  which is
now at a low level will be comverted into a
vented escape.  Eieven veits of ) fect by 13
icet with sy an pius 712 aad with JAtes, codnie-
welght o, Sk el smmilay o

SROIITRET BT

those  over fhe il s Droposed 0 ke
provided to o vened o The piers shadl
be 9 feet wide und will b2 founded on hoed
rock. whure wili DL oserd e 12 et wine
over the piers Ta2 veniwny vt de excavated to

[
plus 710 uand conciciz i35 for o denth
VAR dronr b ooanr s incioe 1y 3 fear 6 inches
witl be luid s wereding coarsr, Over thry o
6 inches wearing cont of 127010 conerets will o
providad. ¢ oCaniraae apron in rear shall e
formied to a slone o) 1 in 23 ard that in front
shall be forined 10w 2love of i to. The ouy
of  walls in front ai e i the sUOSIdiay cul
off neur the rour cut water ond the cut off wali
it the rear shail be 5 jeet in width, There
will be two inking carthdims, the one an i
left of the <oddle. connevtins i o the Cxistine
carth dam and tie other on e riche side.  end-
ing upto levels reauirad to vive adeguate  {ree
board. In addition. it is propesod to have 1
Ausiv escape 130 feot jone wiah il o plas 723,

N
bl

8. The cost of the warks  described  above.
comes to Rs. 53,16 Takh« for works portion ond
Rs. 60 takhs includine direct and indirect
charges. No additonal expenditure  will e
involved on the canals as no extension of ayacut
is proposed under the canal.

9. The Revenue return for the second stage
works out to 045 vercont  without anv  better
ment fee and to '31 percent with 2 betterment
fee of Rs. 100 per acre on the 5.000 acres
under the Thirukkoilur anicut system. The

revenue return combined for the first stage and

112
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second stage worics out to 065 per cent without
any betterment levy and 1.13 percent with a
betterment fee of Rs, 100 per acre on the 5,000
acres, agamnst 63 percent and 1-24 percent for
the first stage works alone.

10. As it is proposed to store in the reservoir,
oty the surplus waters during high floods which
would oliterwise 2o to waste, the interests of the
fower down werigation are not affected.  On the
other hand. ithe convtenction of the second stage
which s now tken up under the Third Five-
vear Plan will facilitate betier regufation uiming
e undonaly distributed supply to the lower
town ayvacut.

. The work on the second stage has been
taken up m October 1961, The 9 numbers of
aates for the spitlway of size 40 feet by 20 feet
«nd T numbers of sares for the saddle 40 weet
by 1S {eet are lift gates.  The gates. groove
mngles. hoist bridee. ot are bemy snanaizciurad
i the Pablic Works Workshops and  Stores at
Madras.

2. The Salient features of  the Sathanur
Recoreir Project second  stage, indicating the
quantity of works involved, are furnished helow -

NALIENT FEATUREN OF S0P T NTAGE.

LoCade s d00 x 200 gyep spiliways 9 Nos,

2. Earthwork excavation in all «oils. 244 Unitx,

5. Excavation in hard rock. 34,572
G013 1320
a0 T2y 220
. AN A S T £ 5

£, l\(. O.1:2: 4. 200 o
7. R\ in cement mortar 1 4, 24000

8. Chissel dressed face work., 320
9. Hammer dressod face work. 50 ,,

10. Total quantity of cement required 2,500 Tonnes

11, Total quantity of stee) required. 80

SATHANUR RESERVOIR PROJECT 11

CLASSIFIED ABSTRACT,

1. Head works.
A. Prliminaries
C. Works .
K. Buildings
0. Miscel.aneous

1I. Special Tools and Plants.
Deduct depreciation cha ges
debited to the works and
relute to T and P

1,000
51,76, 00
25,000
30,000

52,41,000

3,00,000

ve (—) 2,25,000

75,000

—

(Gross)

(Net)

Direct charges.

Establishment .. e 4.,95,000
Tools and Plant ordinary .. 99,000

Pensionary  charge<  of ,
Establishment . 41,000
Audit and Account .. 49,000
60,00, 000

13. Itis cxpocted that the II siage work
will be sub:stantially completed before the comn-
mencewent of the monsoon of 196 3.
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TANK SYSTEM OF SOUTH INDIA AS FLOOD MODERATORS

By

# Sr1 J. WALTER, B.A.,

Abstract :
Floods nte among the  carliest of  human
experiences.  Floods of considerable magnitude

periodically visit various pails or  our country.
Flood contiol measuics we  baing taken by ihe

Central and Stote ovansaiions. Short erm
and long term plans have  been formulated (o
effeutiv 2y conirol the G0l gion by step. Nor-

mally flood control mew..tes are associated with
the construction of e idond contiol or flood
moderating reservoirs raising and  strengihening
flood Sanks, cte. Some flood control meusures
are also thoucht of, in 2learing supply  channels
and desilting tanks. deals  with
one of the generaliy considered as less important
measure of improving tenks 1o conrol iocds.
Partly. it may ceme  nder land  management
practices as well in view of the fact that  some
nevlected tank beds arc unscientifically deveioped
for agricultural purposes e for housing sehaemes.
One may feel that the scope of such flood control
measure is very immited,  The anthor has given
an cxample to illusioute (2 imnortance of - pay-
ine attention to the flood controiling cupacity of
a tank system and has <uggested some measures
for serious considerations.

LR |
foils b lie

2. In South India, especiaily in Madras State
the tank system of irrigation forms the back-
bone of our economy even after having compiet-
ed all the major projucis. These lanks are found
in every district of the State and in large numbers
in Chingleput, South Arcot, North Arcot and
Ramanathapuram  districts.  Most  of  these
tanks are ancient works. brought into being by
our benevolent rulers of the past, for the benefit
of their people.  Though these tanks were
mainly meant for irrigation. the part they have

B.E., X.LLE. (Colorado).

played in the prevention of floods of minimising
ihe damage that would have caused by them
over tiicse years cannot be over emphasised. It
can be said that these tanks have more than
repaid their capital cost by the savings caused to
the State by the prevention of floods albne.

3. Madras State i1s mostiy dry as the rainfall
is scanty and not dependabie.  Therefore it was
necessary for the people of the past to construct
these tanks and store waier for their needs all
the year round. ¥or this. the gradually sloping
terrain is most suited. Basins were selected as
per site conditions and were bunded up at the
lower end to collect the water that had come
irom higher reaches. These tanks submerge
many acres of lands as they are mostly shallow
but in & country where land had no value without
water, it was a practical and useful compromise.
in certain parts of Madras State even up to 60
per cent of land arca is made up of tank beds.

4. Tanks are small storage works generally
so called in South India, but a few exceptionally
of large sizes are refeired to as reservoirs. There
is no technical difference  between them. The
great majority of these tanks are of small depths
less than 15 feet while some are as deep as hold-
ing 25 to 30 feet of water and in a few quite
exceptional cases the maximum depth of water
exceeded 35 feet.

5. These tanks are provided with sluices for
irrigation.  These sluices aiso act as surplus
vents. There are various types of surplus works
adopted in these tanks, chief of them being open
weirs, weirs with shutters. flush escapes, regula-
tors, sluices, etc. The surplus works are designed
for the maximum flood discharge computed for

* Suporintending Fngincor (Designs), P.W.D., :\ladms-.‘i.
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the free and combined catchments of the tank
concerned.

6. Most of the tanks in South India form
part of groups of tanks and either receive the sur-
plus of upper tanks or surplus into lower tanks
or do both. A tank whici neither receives
water ifrom an upper one nor discharges surplus
into a lower tank is termed as Isolated Tank. In
the group system considerable cconomy is effect-
ed as the surplus water ot cach tank and also the
drainage of its wet cultivation are caught up by
the next lower tank.  Euach tank of the group
takes a share in the yield of the whole catchment
above it which are classified as follows :—

(i) The " Free catchmwent ™ which is  the
area which only drains into the tank under
consideration : and

(it) The ~ Combracd cachment ™ which
is the area of the whole catchment . above the
tank.

7. The difference between the combined and
the free catchment thus gives the area of cuteh-
ment intercepted by upper  tanks, the  whole
catchment of the highest tank on each driinage
is free, each tank receives all the run off from its
free catchment but from the remainder of its
catchment only the balance which remains after
the upper tanks have been filled.

8. The great objection to grouping tanks in
this way is that a breacih in an upper tank
exposes all the tanks in the series below it to
the risk of similar failures. Tt is thus important
in taking up repairs and rcstoration to  consider
groups of tanks collectively as a whole and to
carry out repairs from the upper end of cach
group. The danger to which lower tanks are
subjected by breaching of upper ones is in pro-
portion to their relative capacities.  There is
little danger to a tank of large capacity from a
very small one breaching into it, although the
breach may completely empty the small tank.

9. Run-off and vield from catchment.-—The
total approximate catchiment of a basin taken up

120

for study is about 290 squarc miles out ihe
total combined catchiment ot all ihe groups s
only 123.47 square miles. 1he averuge annual
ramfall is 51 inches.  Trediing the catchiment as
average and the rainfall practically as of  mon-
soon, depth of run off due to rainfall in  inches
per square mile s taken us 19,086 (vide  lrriga-
tion Manual by ELLIS) which gives a total yield
of 200 . 44342 == 8,803.4 mcfit, for the
whole basin.  The uyneut under cach  tank
requires more than the towd cupacity  or - wak.
As per the irrigation praciice in vozue. the tanks
20 on replenistiing the suppiies as and  wien
drawn. subject to certiun local regulations.
Approximately cach tank  reeches  about  two
filiings.  tie total copcctiy of Wl tnks vaking
provision for tanks wihoss capacity is not hacwn
may be taken ws 20500 13 0t

FToim column (3. siatenent 1L it is found
that the totai requirement of water for crops  is
3808 mLCal. in en aosaie vear or weil distri-
buted rainfall, this quaniiiy v usually  receved
in the tanks.,  Theretore the  balance  quantty
that goes to waste for the busin is  only  ©.000
m.c.ft. \s about 436 per cent of  yield s
absorbed by the tanks the balunce that goes to
waste which when disirihuted over a periad of 6
months {rom Junc to Docember as  the  tunks
receive the supplics in two scasons, the south-
west  and north-east  monsoon  periods,  the
chances for any heavy floods are reduced
considerably.

10. Flood absorbing capocity-—Almost  all
the tanks have theiv MWL 13 t0o 2 feet above
FTL. (vide statcinent No. i}, This provides
the tank with a large flood absorbing capacity.
As most of the tanks are shallow, the top 11 10
2 feet capacity may even constitute 30 to 40
per cent of the total tank capacity. This large
margin acts as a great flood moderator and has
saved the region from great loss.  Besides, these
tanks which occupy a large percentage of the
area of the basin, help to detain the flood waters
in the event of a sudden flood even when the

TANK SYSTEM OF SOUTH INDIA AS FLOOD MODERATORS 19

tanks are full. As there are statistics, of village-
war daily rainfalls, daily storage levels and dis-
charge particulars, etc., it is not possible to
study the exact behaviour of these tank systems
and the extent to which they help in flood con-
trol. A systematic and a detailed study would
be worthwhile. But for an approximate study
and understanding of the problem we have
chosen the Adyar Minor Basin which is one of
the smallest in the Madras State.

11. An example—Adyar Minor Basin—So
called after the river of that name, lies in the
Conjeevaram, Chingleput and Saidapet taluks of
the Chingleput district. It covers an area of
about 200 square miles and comprises all tanks
draining into the river down to its out fall into
the Bay of Bengal.

The irrigation works in this minor basin
depend solely on the local rainfall, except a few
of them situated iower dowa the valley which in
addition get a supply from the river. The
average annual rainfall in the basin is about 51
inches.

The discharge from catchment areas in
minor basin is caiculated from the formula

Q=0M3— em’ where C (as 2 working coeffi-
cient) being taken as 500 and that of ¢ as 100,
for the area of basins ol upper tanks, which
operate as moderators of flood discharges.

In the minor basin there are 238 irrigation
works of which 202 belong to Government and
the remaining 36 are private works.  These
works have been arranged for professional treat-
ment into 30 groups and 19 isolated works. A
statement giving the names of tanks, name of
groups, hydraulic particuiars, etc., with a map
showing the various tanks is enclosed for infor-
mation.  In statement I, the abstract of totals
of catchment areas. capacities, etc., is given.

12. Though many of the tanks in the basin
have been “investigated ”, all the particulars
required for assessing the flood control effect of
the system are not available. viz.. water spread

area of tank, capacities at different contours,
catchment areas, eic. Therefore only an
approximate idea can be obtained from the data
available.

Taking Orattar group, item VIII in the
statement 11, the total catchment is 5:17 square
miles. A maximum raintall of 12 inches in 24
hours is assumed for a wet catchment when all
the tanks are full at F.T.L. assuming 30 per cent
capacity between F.T.L. and M.W.L. the total
flood absorbing capacity of the groun will be
24:717 m.c.ft. Assuring 70 per cent run off, the

total yield will be 517 x5280 .« 528"@£~1m-9

1,000,000 12
m.cft. The available flood absorbing capacity is
24717 m.c.ft. which is 24 per cent of the-total
It is too much to expect all tanks to be full and
expect the heaviest rainfall but in case it happens,
the capacity of a large area of water spread to act
as a delaying agent of the rushing water also
cannot be littled:- In actual practice, as the
rain is of a intermittent character the tanks get
filled up one by cne and as there is regular
supply of water for irrigation, the water in all the
tanks will not be at F.T.L. throughout.

In actual practice, the system of regulation
in these tank irrigation systems is complicated
and varies from place to place. There are no
elaborate flood regulating regulations for these
tanks. Water is allowed to surplus from one
tank into the other and only when the lowest
tank in the group gets filled up and the major
part of the monsoon is over, attempts arec made
to store water up to M.W.L. But this is seldom
achieved in practice. The details furnished for
the tanks in Adyar Minor Basin were for condi-
tions about 40 years back.  Since then, many
of the tanks have considerably silted and a few
tanks nearer the City have gone out of existence
to make room for the growing Madras City.

But the Adyar Basin was taken up for study
as it is one of the smallest and compact one to
demonstrate how the tank system of irrigation in
South India has incidentally saved quite often
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the region from recurring floods though this fact
is seldom realised or understood.

Conclusion :

The importance ot payving attention to tanks
has been illustrated very vividly with calculations.
As the maintenance and improvement of tanks
fall in the hands of lower level organisations and
branches of irrigation and other departments,
scientific analysis of the flood control potential
of tank system has not been taken up in a unified
manner  practically.  Organised desilting  of
several tanks and their supply channels has not
been taken up for many decades. Raising and
strengthening bunds and improving and contol-
ling the surplus arrangements of all tanks are of
paramount importance. Shallow tank beds near
towns and cities are encreached or reclaimed for
raising building. etc.. blissfuily fergetting the loss
of flood control potential therchy. Statistics
may be taken of tanks and tonk beds which have
been invaded by agricultarists, industrialists and
building schemes during the past  century  to
assess the loss of flood storage.  We may not be
sorry for what has been lost but we can make up
by improving and protecting the existing tanks
by strengthening bunds. desilting. etc. Tanks are
even to-day comparatively less looked after than

any other works.  This paper indicates that
diverting a part of our attention more seriously
on the innumerable tanks can  bring about as
much benefit as the glamcrous schemes to build
a few modern dams which are  necessary cven
otherwise.  This can be appreciated by  the
fact that in one of the districts in Madras State
60 per cent of the arca of part of the district is
occupied by tanks. Such tank infested tracks
of land will be found in other parts of India as
well.

In a system of tanks surpius from one tank
falls into another.  So also. a breach of one tunk
brings about a breach in another.  Attention is
¢herefore drawn to prevent the chain  reactions
which result in a deluge bcause eventually they
flow into the river chanaeis which make  them-
selves to be known as floods of consequence as
generally understood.  While the author do not
claim that attention to tanks and land practices
in areas occupied by the existing and  obsolete
tanks is the last word to flood control it is claim-
ed that if properly investigated.  scrupulously
tackled and diligently pursued. statistically it can
be proved that by proper land  practices and
management a great flood control potential can
be found in our innumerable tanks.

STATEMENT. I

« DESCRIPTIVE MEMO[RS OF IRRIGATION WORKS 1N THE AbDyar Mixor Basix .,,
- » . R Y . ‘.' .y L n - ) A-): _-S_\'.
« QTATEMENT OF THE HyDpratvLic DETaiLs or TANKsS IN THE Apyar Mixor Bas)

Catehment Baain
(in square mides.)

Total il Lovele weith refoeresre

to 3. M.

Approcimate
capacity of tank storage required

Number . i ; : A .
T ;o . CocFiciernt. L LA L. in o e fe. ~ — =
l: Name of pank- (= Free. Combired, m. e ft. F.T.L. MWL,
rousp. ‘ _
it 2) @) ) (3) (6) 1) (~ )
1. MooimangdamT ank firoup— " . - A= 225.349 33808 4200 4404
animar ; < .. 500 and 100 744 2763 225-3¢ RERRL 42-00 )
l ;[M\)[mlmk‘aglt:l-?i““l‘gfzﬁll‘ ' an0 0035 0-035 3.50 Qﬂ .;».i._. 3940
‘l‘.-\"‘r;ng?thn; \‘itter; 500 0-30 034} 439 N 7% 4‘5-1., “,"('0
3 ;;r\lxn;'hur ’large tank 300 and 100 002 123 1»»-1.5 311.‘{,‘4, 4,{;,,:) 4,_,4",
" Salamanzalam reddi 1 angel 0 013 15 061 122 A 4700
5 e D\ = Komman Tungal A 0-16 016 1-66 500 .1,-3.“ 1550
Y. g 2 ) ! oo - " ‘. >
6 Magauivam Sitteri . 300 and 100 0497 2:06 2oai L1 Ao 15-600
7 Alawnr lavge tunk 300 and 100 0-67 1-09 7‘14 2242 4350 4700
S Nerivambakkam tank 300 and 100 0'31_ 042 4-‘.:’ SN 17060 $5-50
9 i(a\'élkal.mi Kalanjori tangal .. 500 atd 100 007 0-11 03)! l-.jl o0 .{u,m
10 suda: Knttai e 500 004 o4 0428 17 1925 A
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Number

in

Name of tank,

qroug,

(1

1, Manimangalam Tank Group—cont.

11
12
13
14

13
16
17
15
19
26
21

R}

23
24
25
26
27
28
29
30
31
32

) (2)

Magamiyarm large tank
Alagay tangal .. .
Paracheri tangal
Kuuduperumbedu
tangal.
Nallaperumbudu tank ..
Perinjempakkam madateri
Kulankatcheri large tank
Kulankatcheri tangal ..
Kavalkalam pudu tangal
Kavalkalani tank
Karanai tangal tank
Perinjambakkam tank
Vaippur Sigteri
Eraiyur large tank
Vaippur large tauk
Kunduperuinbedu tank
Eraiyur thevalert
Mattur tank .o
Mattur Sitteri P, . .-
Jamunampattu large tank
Vallukottai Mavert
Buderi .. s
Rokkanna tangsl}
Mettupalayam 8itteri
Vallakottai alleri
Vallakottai Sundaleri
Vallam Sitteri .. .e
Karanapattu tank
Periyan tangal tank
Vallam tank .- ..
Balanallur tumpa tangal
Balanatlur large tank ..
Papukans tangsl ..
Valatancheri tank
Tattanur tank .. .o
Oddaj tangal .. .e
Sirukalattur $ank ..
Vadakal Vannar tanga
Pottunayakam sengal
Oddan tangal .
Kannan tangal larg: tank
Nallatanui tangal
Maun tangal
Kannan tangal

.o .

Kunduperumbedu Reja tan-

al.

Kungduperumbedu Reddi tan-

gal.
Kunduperumbedu Vannar

tangal.

11. Malippattu Tank Group —
1 Malippattu tank .

2 Velleri tank .. .. ..
3 Ottankaranai tank ..
4 Ottankaranai Tangal
5 Navalur large tank e
I11. Pillapakkam Tank Group—
1 Pillapakkam tank .
2 Pondur odda tangal oo
3 Pondur Bitteri .. .
4 Pondur Boderi tank ..
5 Pondur large tank .o

Komman

L

PO T T
Y'—‘——'-J:..'-...

o v o ® v s

Coeflicient.

=
(3

500 and 100
500

Not taken up,
500 and 100

800

Not taken up.
500 and 100
500

500

500 and 100
300

500 and 100

Catchment Basin
(in square miles.)

A

4

072
G-04

0-09
0-11

0:35
0-05
0-05
0-10
0-12
62

—
Free. Combined.

(5

0-81
0-09

0-20

Approximate

(6)

18-54
0-228

0-61
0-539

14 @

ST Qo®
o~

S o R -1

17

=2

These being private works were not investigated.

300 and 100

500 and 100
500

2.86

1-05
0-15

Private work., Not investigated.
Private work., Not investigated.

500 and 100
500
300

Private works.

500
Private works.

500 and 100

Private works.

500
500 and 100

500

500 and 100
500 and 100

Private works,
500

500 and 100
500 and 100
500

0-24
0-15
0-25

Not investigated.

0-57
Not investigated.

0-44

Not investigated.

0-03
0-04
0-10

-39
077

Not investigated,
2:03

382
009
030

(Palar anicut systein)

500 aad 100

090

13-13
This being private work was not investigated,

1-20
015

e
B — 0O
k=

Ll

0-03
0-14
0-10

205

11-19
0-39
0-30

3:00

51-84

21-80
0-566

&o b kD
Qv S =
[ R

0-118
0-317
0-137

14:00
13:00

Total annual

capacity of tank storage required
— at FT.L.
m. ¢ ft.

in .. ft.

(7

o

]
&£ o’
ey

—
—
(=N &
= &

THQo Sl
o T OO s Tt
S-SR

2500
26:00

2486

183:06
1'17
8-00

30-00

Levels witl reference

to B.Ms.
r A a
FT.5,,  M.W.L.
(%) )
43-00 46-50
46-00 47-00
46-50 47-59
4750 4850
48.59 50-00
48-75 50-00
49-35 50-60
49-34 50-34
50-20 5150
46-84 48-34
46:00 4725
48-00 49-30
48-70 49-70
47-91 49-41
4847 49-97
4875 30-25
46-50 48-00
47-95 4945
47-00 48-00
44-25 45-25
48-30 49-50
43:73 44.73
4300 4430
4450 4625
46-59 4859
47°00 48:50
47°50 4900
47-25 4925
123
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Number

n Nume of tank.
group.

(n (2)

111, Pilluppukam Tunk Group.—cont.

6 Araneri large tank

7 Salayanur Sitterg

N Naliyvanur tank

O Sirumankadu tangal
10 Aranert Naga tangal
11 Irunkalam L
12 Mambakkam tank
13 Mambakkam Nitter;
14 Tirnmangalam tark

15 Pondur Vetrukuttai tangal

16 Kanchupattu tangal

IV. Kolurtwr Tark (irgup—

I Kolattur tank
2 Navalur tangal
3 Nallatanui tanzal

1 Karunagaracheri tank

14 Karunagarachert
((LZL_’«BI .

Then tangsl

Irumbedu tank

Venkadu tank .

Venkadu Lehan tangal

Side Wy

~

. Painppal Tank @rowp—.
Padapoai tank
Attapanjer: tank ..
Salamanzalem large tank
Nochili tangal ..
Vanjivancheri large tank

G Ly —

VII. Arambakk.on Tank Growp-—

1 Arambakkam tank
Navalur tank
Nemmeli tangal
Moseri tank

T L2

Panapakkam tank
Vellor: tanzal tank
~ Porateri tanzal

o Pudu tanzal

-1

.o

VI Orattser Tunk Group—

1 Orattur tank .

Fa, ThamaraKara tangal
2 Nattarasampathu sitteri
Rottapallam tank
Kanjivakkam tank
Punthottathu yeri
Nattapallam veri

el S Lt e

Putreri . .- .
v Vettarnbakkam large tank

10 Pulichert

11 Katter: ..

I.Y. N e

..

ekaliind Tank Growp—
Kilakkalani rank
Katrupakkam tank

Sitteri . .. ..
Vedamelpakkam tank .

L R

124

A(‘}:.ukut! 1

Serappanaucheri large tunk

Umayaparanacheri large tank

Karuraguracher! 1Tank Group :—

Catehnent

Busin

(i square miles.)

Corfliciens. i
(= Free, Combined,
(3) 4) (5)
.. 300 and 1oy I'11 209
} Private works.  Not inve-tigatod.
.}00 015 015
500 016 016
.. 500 016 016
} Private works.,  Not investigated.
. 20 58 U-os
.'»01) 0t 004
200 017 017
500 and oo 1°24 1°75
R0} 04N thg N
BUTY) a0y 003
300 and 1o 57 162
Not taken np.
5 Private works.  Not investigated.
it and Loy 451 35
NTH 004 004
S0 aned Ton o4 337
SO0 and oo 103 1-73
Suand oo 047 070
S0t and Toa 002 023
DU 0-2] 021
5300 and 1 121 1-41
dUY and 109 W37 222
Not taken up,
50 0-37 037
J_HO 070 (S Ll
) 300 0453 o 1h
S0 and 109 0-14 (20
SO0 104 004
SO0 002 (TRIR
SV and 100 I'7s 217
) S0t 04 004
260 add 1o 020 36
i St 016 w14
J00 and 1oo 093 2:94
S0 and oo 032 (-)\{
,'_',uu 008 1N
) 300 043 43
N and 1oy 011 63
.. 300 054 034
300 023 423
S0 035 1335
200 and 100 059 403
.. 500 0:36 036
o 500 002 0-:02
.. JUY and 100 029 1-62

Approsimate

at F.U L. in
m. e ft.
{8)

1270

177
075

1-43

1450
074

137

37-60
395

i)

[P
<

902
310
1-33
36

Total anrunl
capacity of tank Storage requirs
o cuft.

(7

1900

Tt
14+2)
135

T2y

ERNAT
027

HONG
27460
1503
140
(S}

-
¥ A TR

12-41
2670
14-3
(I
108
0506

62 N0
1-14
933
148

RURTM
912

I4ss

REMTEY
G257

1045
325

10-043

27-08
10:39
3-99

1242

-~ i

Lovels with reference

to B, M~
e A
F.T L, M.oW.L.
(s) ()
P 10-50
J0H0 a1
45349 40089
4725 4NTH
4873 73
1575 1775
$6-00 47008
$re00 31050
1100 4200
1173 42:75
3600 3729
4420 1529
450 4400
-
42452 4412
4500 46-25
47°14 AN 64
4500 44°50
N0 4950
47-:00 480
1700 $U40
4550 4900
45T a2y
4180 S0°=0
450 49-009
ERSO] 4960
4557 ESTREN
AN $09°50
470 40071
4920 o0
SO0 AU
4900 S50
S200 53°20
5300 5400
RN S5T00
Shaa S2am
S22y D350
40-59 50039
5265 5365
52001 5350
5304 5450
ERON{ 50036
34550 580U

b
[

XIV.

TANK SYSTEM OF sOUTH INDIA

Number
in Name of tank.
grovp.
1y (2)

IX. Kitabkalani Tank Group—cont.

5 Siruvaujur katteri

8 Settamangalam tangal

7 Settwmsngalam tank -
5 Erivakkam tank .
% Buderi .. .

10 Siruvanjur large tank

X. Kuaranur Tunk (rottp—

1 Kavanur tank .
2 Konaldi tank .. .o
3 Konadi tangal .. e
4 Buderi .. .. .
5 Kattankolattur largo tank
6 Maruderi . ..

Korakan tangal
Korakan tangal tunk

7 4

. Adnur Tank (iroup—

Adanur tank .
Guduvanjeri tank
Guduvanjeri tangal
Vallanjeri tank
vallanjeri tangal ..
Potteri tank

Karui yeri e

~ Ninnakarsi sitter .
9 Ninanparai poria oarl

- DLt W

10 Poetteri tangsl .. ‘.

11 Madambnkkan tangal
12 Madambakkam tank
13 Tailapuram tangal

14 Tailapuram tank .o

XI1I. Nidlamangalan Tank (froup—

1 Nilamangalam tank
2 Kuttanur tank.

1 Kordkantanga! tank .

o Korakantsngal tank Kuluin tangal

Manwivakkam tank «
Vettakar i tangal
Manivakkam Sittert
Kitampakka tank
Urappakkam l‘fmga.l
Urappakkam Sitteri
Urappakkaim tank .
Karanai Pudacheri tank
9 Ayyaujeri tangal .
10 Ayyanjeri tank

DOl Lty —

11 Karauai Puducheri tungsl

12 Nandivaram hissa tank

13 Perimathunellur tank ..

14 Perimathunellur +angal
15 Kannivakkam tank
16 Kayarambodu taogal
17 Kayarambedu sitten
Kavarambedu tank

18 ! ..
184 Gudalur Kambi tangal ..

19 Nandivaram tangal
a¢ Kundigai tangal ..

VMeannivakkam Tank Group—

X11]. Korakantanygdal Tank Group.—

Te

.o

Co-c¢fficient.
(=
(3

500 and 100
SO
SH0)

500 and 110
S0U
500

300 and 100
500
200

500 and 100
00

500 and 100

Not taken up—ingignificant.
023

500

500 and 160
300 and 10U

H00

Not taken up.
500

500 and 190
200

500 and 100
500
200

500 and 100

500 and 100

500 and 100
200

Private work-—Not
500

500 and 100
500

504 and 100
RUTY
300
)1
500 and 100
500
Hu0
500
Not taken up.
S0
500
500
500 and 100
500
500
Not taken up.
300
300
500 and 100
Not taken up.

i PProvi I annual
Cagchment basin Approvunale Tota 7
(i:?f:qtuare miles). capacity of tank Storage required
—— ———— atF.T.L,in in m.c.ft.
Free. Combined. m.c. ft. i
(4) (7) (6 {7)
IR 2790 34-80
Y3 1-33 279 ‘80
o010 10 l'§8 3 1.(_)
0-30 0°30 458 687
53 1-44 519 10-38
033 033 10-33 2066
038 7o 12:68 19-02
- . ! Bl ,‘9.40
1-05 304 29 iU 5¢ '
013 013 2:56 3 ‘~;4~
16 0-16 0273 l.'.i()u
0.29 119 1-72 13.88
09 09 23-88 35-82
w17 05! 1-90 3-80
023 099 2497
1027 1'83 36:09 7218
1-30 5-00 502 2406
010 10 0393 1-79
0-73 325 1342 2684
149 2:72 2602 5204
028 028 642 9-63
011 0533 0-182 0-91
-84 0-84 14:00 21-00
024 024 510 610
o017 025 1-40 4:20
051 056 1594 2541
)06 013 0173 0-88
007 007 076 1-90
investigated. '
YR 045 12 126
w12 0-21 072 3'6-0
0:09 0-uy 0°23 1:30
2:18 14-908 23:69 4740
026 026 70 330
_ — «— —_
036 56 14:52 9638
o111 011 124 310
0-02 002 076 3-80
0538 1'84 932 27-06
093 1:26 427 11)'98
033 0-33 1:55 7-5B
024 )24 135 540
462 809 3y Ty 179-10
1-02 1:87 1543 30 86
(021 0'54 206 6-13
098 098 14-96 27-80
021 021 1-74 2-61
172, 1°95 3524 4699
023 023 133 2:66
0-03 016 055 2-20

AS FLOOD MODERATORS
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Levels with reference

1o B.Ms.
Al

T FTL MWL

(8)

52-50
68-00
70-25
33:25
62-50
59433

53:39
5350
5348
5400
5525

54-40

56+66

1596
52-14
57-37

60 30
66499
67-90
70°00
72:30
61-75
83:00
48-00
52:00
52-87

47-40

40-00
4500

4050
41-30
41-05
4550
4750
549-30
52:50

5356

5525
3720
5850
59°50
G000
60-17

60-36
15470
37°60

)

6375
69-00
7175
475
6400
61-03

5484
5450
5448
5550
56-50
53-90

57-66

4746
53-94
5837

6¢2:00
6249
64-40
7140
74-00
62-73
54-00
49:50
5300
53-87

48-90

41-00
46-00
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Noinber

n Name nf tank. Co-eflicient.
qroiu s, C - Free.
(o8] {2 3 (4)
X1 Mudichur Skkirfwn Yeri Grovp—
I Mudichur Sikkrian veri .. 300 and 1oo (44
2 Rangupuram tank 300 and 100 010
3 Perunkulatnur sitteri .. 500 and Lo 064
4 Perunkulathur tank .. .. 500 068
5 Mudichur tank S0 and 100 00
6 Vendalur tangal .. .. 300 019
7 \tendnlur Tank ., . .. 300 and 100 0-s1
s~ Vendalur Orreri . .. 1oo 033
XTI Varadargiapuran Tank Growuy—
1 Varadarajapnran tank 390 and 100 044
2 Nanan tangad - .o .. 100 004
XV II. Tambaran Pudu Targil Group -
1 Tambaram pudu Tangal .. o0 and 100 017
2 Tambaram Yettitangal o 300 and 100 0035
3 Tambaram Vannan yveri .. 500 016
XTIII. Tirunirmalas Tank Group—
1 Tirunirmalai tank and >itteri 300 and 100 1-20
2 Pammal tangal .. .o Private work—Not invostigated.
3 Viraraghavan veri . .. 300 026
4 Kadapperi . . +o 500 and foo 047
5 Hissx Putterl .. . .. 500 080
XI1X. Somangdam Tank Group—
1 Somangalam tank - +e 300 and 100 1-47
2 Sakkili tangal . .. 54 033
3 Nallur tank .. .. .. SO0 0354
X X. Somangalaw Suteri Tank Group—
1 Somancalam Sitteri . «+ 900 and 100 079
2 Melatur tank .. . .. A00 0-46
XX/7. Nainvirappalt Silter. GGroup—
1 Naduvirappattn sitteci .. .o 300 and 100 065
2 Nadu tangal BN .. 1 300 084
3 Naduvirappattu tank S
XXII. Erumaiyur Tank Group—
1. Erupmiyur tank .. .. 500 and 100 0-11
2, Erumaiyur Tumman tanzal .. 500 0-00
XXIII. Palintandalan Pudu Yeri Group—
1 Palantandalam Pudu yeri 300 and 100 025
. Vannan Kuttai .. . 300 014
XXIV. Puntandalam Aiyaneri Group—
1. Puntandalam Aiyaneti .. e 500 and 100 0-38
2, Naduvirappattu tangal . 500 o011
3. Puntandalam sicter: .. ‘e 300 0-34
XXT . Polichimaliur Melanda: Tangal Group—
1 Polichanallur Melandai tangal .. 300 and 100 049
2 Perar: tangal . . .. 300 002
3 Velarkani Serar tangal Not taken up—Insignificant.
4 Otterni .. .. .. . 300 018
126

Cutchment basin

(in squere niles),
———A

B N
Combined,

(3

234
033
a5

069
002

018

Approrimute

me.c. fe.
(6)

[-64
095
1876
1530
20055
K3
4°36
222

046

283

. Tota! annnal
capacily of tank Ntorage required

at F.1. L. in (e ft,

{(7)

820
2R3
3750
23-00
41-10
3:30
13-83
666

19-20
116

Levels with reference

to B.M~,
————— A e
F.T.L. M. W.L.
3 9
10050 4150
1500 1700
5150 53:00
4700 1850
1590 17-40
49-00 J0.00)
52:75 3473
AR 5500
REShT) 1000
390y 40.-00)
32:25 3375
3540 3640
36-50 3500
249-10 31-10
32-20 33-20
42:00 4440
4500 4450
34-00 33:50
43-50 4425
4080 42:-30
3400 3330
38°50 3675
30°50 32-00
39-25 40-75
3450 3600
36:50 3730
37-00 38-50
37:25 38:23
3688 3863
42-00) 4300
47-85 4935
3330 34°80
33-30 3450
£0-0n0r 41-00
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N wnber

Name of tunk.

in
group.
(1; (2)

XXVI. Mylupore Tank Group—

1 Mylaporo tank .. ..
2 Mambalam tank ..

XXVII. Paramani Hissa T'ank Group—

I Taramani Hlissy tank .. .e
2 Pallipattu tank
3 Kottur tank .o . e

XX VI Kodambakkam Hissa Tanlk Group—

1 Kodambakkam Hissa tank <,

2 Nosapakkam tank ‘e ve
YXIX. Porur Hissa tank—

1 Porur Hissa tank .e

2 Mappatiu vattur mn"ral ..

XXX, Nandambaklam Tank Group—

1 Nandambakkam tank
2 Nandambuakkam tangal

XXXI. [solated Worke—

[Saiie SEN Re M Rt A A

10
11
12
13
i1
15
16

Is
1y

Settupattu tangal . .
Amnanambakkam Luge taok . .
Tandakalani tangal

Vumara tangal

Tambaram tank . .
Trumbuliyur tduk ..
Pirkankaranti tank

Ninayeri .. .
Pullikoradu Jddamuntu
Awmarambedu tank
Puntandalam large tuuk
Nandambakkam tank
Minambakkuam tank ..
Songal tangal

Nalarkulam tangal
Anakaputtur Jxalmudugu tdugal
Taramani tangal. .. ..
Ramapuram P’ allan tangal

Rawapuram Pudu tangal .

Approcimuate l‘olal annual

Culdmz,ent basin

Leo fl> with referencc

(in square miles.) capacity of tunk Storage reguired ‘o B.Ms.
Co-efficient, —— ey ¢ FUT.L. IR i om CLft. A — e,
C= Frec. Combined. n.C. ft. F.I.L. MW.L.
(3) (4) (3) (8) (7) (8) (9)
500 and 100 2-81 361 2203 183-03 2180 2330
Private work—Not investigated.

340 047 0-47 682 2046 155% 1755

500 0-26 026 898 17946 INs50 19-50

200 071 &7l 1389 2773 1990 RONT]

300 and 100 1-42 162 1407 o816 3325 3425

SUY 020 0-20 U-26 1-30 36°75 3500

500 and LUy 846 574 3360 10050 4070 42-70

500) 028 (28 214 535 3480 30780

300 and 100 0-31 (4% 1:33 532 34:96 36:21

301 017 0-17 U6+ 2:56 3760 356U

300 027 027 242 9-20 30:50 3200
Private work —Not investigated.

00 020 020 1-60 4-80 3300 26-00)

500 010 010 0-28 1-63 3550 3950

300 0:36 36 4+70 14:10 3%-33 34-53

500 081 o8l 12:53 25306 4030 42-00

S0 030 0-30 149 598 36:00 3700

S00 017 0-17 2:62 524 2750 28:50

S500 019 019 065 323 34:60 3360

500 033 033 3470 7340 13-00 4450

S00 054 054 714 14-28 4783 49-35

500 0 2% 0-28 2-99 747 4604 4500

500 33 0-32 287 10:96 3850 39°50

200 004 004 019 095 35-00 36:00

300 0'U4 004 41 123 29-3 30-30

300 016 016 1-93 579 42:50 4330

500 0-07 007 11 0-56 1000 1100

500 019 0¢19 1:04 4:16 40-50 4150

300 0-U9 069 025 1°25 39°00 4000
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A pprosimate
caparity of tank
at F.T.L. in

m.oe ft.
4

13624
BIUS S
17445
41-60
2516
62°68
6233
8230
8446
61-02
12512
420
097
18841
6461
378
54
42:20
H1-82
1610
22:39
12:20
3-94
11-11
182
122:03
20004
1433
3574
107
8292

1,016-40

3

Total urnrual
Storage reguired

o, C L. Remnrks,

{3 (6)

71064
T8 NG
270-91
0400
5080
12564
| TN E
17020
149465
114:07
RETYSIAY
1260
510
41747
136°44
200306
1451
10145
1065
36-36
4248
24-40
1026
2994
11-08
18305
665-:24)
SO 46
106:15
788
192-36

3,768,5¢

ZL
STATEMENT 1.
* DESCRIPTIVE MEMOIRS OJF IRRIGATION WORKS IN THE ADYAR MINOR BASIN ™
““ STATEMENT OF THE HYDRAULIC DETAILS OF TANKS IN THE ADYAR MINOR BASIN
é 3 Name of tank group. '1"'1111‘5';5:;;:15’11;917
R s of groups (n
< 3 square mies,
(1) () 3
1. Manimangalam . .. .e 2763
2. Malippattu e 4-60
3. Pillvpakkam 1119
4. Kolattur .e . . 1475
3. Karunagacachari - - 1+62
6. Padappai . .. 337
7. Aramtakkam LY
S. Orattur 517
9. Kilakkalani 4003
10. Kavanur 304
11. Adanur .. .. 607
12, Nilamanygalam e .. 045
13. Kerakantangal 021
14, Manivakkam 1408
15, Mudichur Sikkrian .. . .e 403
16. Varadarajapuram 2:30
17. Tambaram Purdu Tangal 038
1s. Tirunirmalai 230
14, Nomangalam 2:34
20, Somangalam Sitteri .. 1.25
21, Naduvirappattu Sitteri .o 114
22, Erumaiyur . 050
23. Palantandalam  Puduyeri 030
24. Puntandalim Aiyvaneri . . 83
25. Polichallur melandai .. .. . 069
26. Mylapore . - ‘ 361
27. Taramani Hissa .. . . 144
28, Kodambakkam Hissa .o 1:62
29, Porur Hissa . .. 871
3v. Nandambakkam - - 048
31. Isolated works $-64
Total 123-47
123

v

TAMBRAPARANI IRRIGATION SYSTEM IN
TIRUNELVELI DISTRICT.

BY

Sri D. 1. PAUL, B E., (Hons),

In Tamilnad, the Tambraparani is an impor-
tant river and its importance is great as it is
the chief source of irrigation in Tirunelveli
district. It drains with its tributaries an area
of about 1,750 square miles. From its source
Peria Pothigai in Western Ghats up to its infall
into the Gulf of Mannar, it runs for about 75
miles. Owing to its extensive catchment area in
the Ghats it enjoys the full benefits of both the
monsoons and its bed is never dry.

The chief tributaries to the river in the Ghats
are the Peyar, Ullar, Kariar, Servalar and Pam-
bar in the Government Forests. In the plains,
the first tributary to join the river on the right
side is Manimuthar. Next joins Varahanadhi,
bringing down the combined supply of Rama-
nadhi and Jambunadhi.  Both these tributaries
are having their sources in the hills above Mela-
kadayam The Gatananadhi into which flow
the waters of KALLAR AND  KARUMANIAR  {rons
Sivasailan hills. joins the Varahanadhi near
Pappankulam and flows into Tambraparani on
its left bank at Thiruppudiamarudur. The
Pachaiyar carries the supply of Karumandi-
amman channel, and irrigates portions of Nangu-
neri and Tirunelveli taluks, before joining the
river Tambraparani. The last tributary is Chit-
tar which rises in the hills above Courtallam
and joins Tambaraparani river near Sivalaperi
village.

As most of the aforesaid tributaries have
their origin in the hilly tracts, there will be heavy
flood invariably in the river during north-east
monsoon period. The early

river to provide irrigation facilities to vast areas
of nearly 56,000 acres sunilar to Upper Anicut
and Grand Anicut across the river Cauvery
constructed for irrigating lands in ‘the Tiruchi
and Thanjavur  districts  respectively. The
eighth anicut at Srivaikuntam was constracted
much later in the year 1869 during the British
days to serve an additional area of about 26,000
acres.

THE DETATILS OF THE ANICUTS ARE AS BELOW :—

ACRES
1. Kodamelalagian Anicut—
Length 1,084 ft.
Crest level +262.86
North Kodamelalagian channel at Left— :
Length-#M- 7 F  ayacut 2,284.32
South Kodamelalagian channel at Right—
Length 5 M 2F—ayacut . 882-21
Total avacut .. 3,166:53
Direct avacut 2,226:53
Indirect ayacut .. . .. - 940-00

2. Nadhiyunni Anicut—
Length 1,690 ft.
Crest level +-221-27

Nadhiyunni channel at Left—
Length 7 M2 F—ayacut .. . 2,592-96

(Nore.—There is no indirect ayacut under this charnel)
3. Kannadian Anicut—
Length 1,700 ft.

Crest Level +-212.90
Kannadian Channel at Right—

took pains to construct 7 anicuts

-

6

Length 23 M of—ayacut 11,779-70
Rajahs of the south Direct ayacut 873178
across the Indirect ayacut 3,047-92

* Superintending Engineer, P.W.D. Tiruneclveli Circle, Tirunelveli,
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4. Ariyanayagipuram Anicut—
Length 2,337 ft.
Crest level -164-30

Kodagan channel at Left—
Length 15 M 4 F—ayacut

Direct ayacut
Indirect ayacut ..
Palavoor Anicut—
Length 2,410 ft.
Crest level —145'45

Palavam channel at Right—
Length 27 M of—ayacut

(1]

Direct ayacut
Indirect ayacut ..

6. Suthamalli Anicut—
Length 2,731 ft.
Crest level 133,50
Tirunelveli Channel at left—

ACRES.

. 5,600-83
. 2,765°66

2,835°22

8,789°42
- 3,542.81
. 5,246°61

Length 17 M 5 F—ayacut 6,325°60
Direct avacut .. 2,058:59
Indirect avacut . 4,267-01

7. Marudur Anpicut—
Length 4,007 ft.
Crest level 7730
ACRES.
Marudur Melakal at Right—
Length 13 M 1 F—ayacut. 10,009:61

Marudur Keelakkal at Left—
Length 10 M~1 F—ayacut.

Total

L 7,72149

.. 17,731'10

Direct Ayacut .. 4,223-32

Indirect ayacut .. 13,507-78

8, Srivaikuntam Anicut—

ACRES.

Length
Crest level

South Main channel at Right—

Length 20 M 2 F 5238 ft.—ayacut.

North Main channel at Left—

Length 11 M 7 F 230 ft.—ayacut.

Total
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1,380 ft.
+3940
ACRES.

12,760 00

13,229°34

.o 25,989-34

—————

The first 7 anicuts construcied by the early
Rajahs show the adimirable insight on the part
of the poineering designers in the past. All the
7 anicuts are founded on rock, and consequently
are zig zag in alignment.  Burt a close observa-
tion of the alignment brings to light a very
special featureg. Wherever only one channel
takes off from an anicut, the alignment of the
anicut across the stream is in the form of an
inverted “L > one arm of the " L™ across the
river and the other arm parallel to the direction
of flow so as to provide 2 leading approach water-
way to the channel taking oif from the anicut
and also a straight entry of flow into the head
sluice which is constructed at the lower end of
this portion of the anicut. The scouring vents
are located at right angles to this approach
channel a few feet above the head sluice. The
method of giving the direct approach to the
supply channels and right angular entry into the
scouring vent has been able to create proper
curvature effect of flow in front of the head sluice
into the scouring vent thus scouring away the
heavier bed ioad of silt, keeping the channel
mouth fairly silt free, Similarly, where two
channels take off. the alignment of the anicut is
in the form of an inverted “ U ”. Typical exam-
ple of this type of anicut is Marudur.

On 93 per cent of the Tambaraparani ayacuts
two crops are raised in all goodg years. The
richest lands, for instance, those lying on the
upper reaches of Kannadian, Kodagan and Pala-
yam channels, produce annually over two tons
of rice per acre. Many of them bear the double
crop assessment of Rs. 25-50.

The pattern of direct and indirect (under
tank) ayacut under the various anicuts indicate
natural utilisation of the river. The first two
anicuts have very little indirect ayacut, i.e., ayacut
irrigated through tanks. This enables utilising
the steady continuous flows in the river under
these two anicuts for direct irrigation of one or
two crops as the case may be. But as we go
lower down, the percentagz of direct avacut
gets reduced ond indirect ayacut gets increased

TAMBRAPARANI IRRIGATION SYSTEM IN TIRUNELVELI DISTRICT <9

This is because only surplus of high floods will
flow down the river and tanks are necessary to
catch them and use for irrigation. On this
basis, it is seen that tanks of very big capacity
are constructed under the last anicut where
practically the whole of the ayacut is indirect
through tanks fed by the flood waters of the river.

All the channels that take off from these
anicuts are typical contour channels with irriga-
tion only on one side of the channel, ie., the
river side.  An important feature of the align-
ment of these channels is that the drainage from
the upper channels and high level arcas falls into
channels and tanks tuking off frora the anicuts
below. By this arrangement, all the drainage
water from the upper areas is caught and utilised
again without wasting any quantity of water at

any stage.
The chief crop raised is paddy which is

regularly irrigated by the north-gast and south- .

west monsoons. The period of the former is
from September to February and the crop
(usually long-term) raised during this season 18
named as * Pishanam ” crop and the crop culti-
vated during the south-west monsoon June Ist
to August 31st is called “ Kar crop " (Usually
short-term). Out of the total ayacut of
81,975:33 acres under Tambaraparani system,
70,469.64 acres are doubie crop and the balance
single crop or water rate lands.

Under the last two anicuts a peculiar crop
called * Advance Kar crop ” is raised from April
to August (in place of the regular  Kar crop)
with the help of summer flows in the river and
also the power issues from the Papanasam Power
House for irrigation, which are not utilised by
the upper channels duiing April and May \yhen
they arc closed for attending to annual  mainte-

nance works.

Before construction of Papanasam Reservoir
across Tambraparani river, advance Kar crop
was used to be raised in Jimited areas not
exceeding 8,600 acres of double crop wet fands
under the channels of the last anicut. viz.. Srivai-

6a

kuntam Anicut, due to the limited availability of
summer flows in the river. After construction
of the Papanasam Power House in 1944, there
has been steady and dependable release of
increased quantity of water (about 100 to 200
cusecs) which is available for irrigation under
the tail end of Tambraparani river, besides the
already available variable and limited quantity
of summer flows in the river. This has enabled
more area to be cultivated with advance Kar
crops. About 27,000 acres are being cultivated
in good years and about 24,000 actes in normal
years.

In order to utilise the increased availability
of flow in the river during summer, preference
was given in G.O. No. 1418, P.W.D., dated 20th
April 1949 (as a Grow More Food campaign)
to authorise the single crop and water rate lands
(which are normally to be irrigated duiing
Pishanam Season alone) to be cuitivated with
advance Kar crops. But the availability of water
is not sufficient to irrigate the entire extent under
the four channels of the last two anicuts. Hence
a turn system was introduced in the above said
Government Order, dated 20th April 1949 to
authorise the area under the left and right side
channels of these two anicuts in alternate years
respectively. But this turn system as well as the
question of giving preference to single and double
crop lands could not werk permanently due to
the claim of double crop land owners under both
side channels of Srivaikuntam anicut who were
enjoying cultivation of Advance Kar crops by
utilising spring flows of the river in summar.
Hence localisation of areas for advance Kar culti-
vation on a permangnt principle is being examined
by Government.

No regular * Kar crop’ will be raised in the
lands where * Advance Kar crop’ has been
raised. Thus this system of cultivating * Advance
Kar ’ helps to spread over the period of cultiva-
tion of the short-ferm crop according to the
available supply. This eases the situation to a
great extent especially at the fag end of the crop
period, when the supply position is critical as
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the advance Kar crops would bs * off * the ground
by this time and hence there will be no need to
supply water to these.

The Papanasam Reservoir.

The Papanasam Reservoir across the  Tam-
braparani has been construcied  and brought
into operation in the year 1944, with the primary
object of developing Hydro-Elcctric Power. But
the basis of impounding the surplus waters in a
reservoir like this across the Tambraparani takes
definitely inib consideration the Irrigation needs.
The Papanasam Dam has a full capacity of 5,500
Mcft. Water is drawn  from it through
two pipes of 8 feet 6 inches diameter each. A
diversion weir has been constructed lower down
the river near the head of Papanasam Falls just
before the confluence with the Servalar river.
Water is let down to the power house through
penstock pipes.  The gross head available for
development of power is 350 feet and three
generators of 9.000 Horse power each capable of
developing power of 28.000 kilo watts have been
installed in the Power House.

Since this reservoir ias been built more for
development of power, the waier that is availa-
ble at the end of the irrigation season in March
is utilised for development of power during the
summer months. This quantity {flowing down
the river is utilised sincz the year 1945 to culti-
vate what is called * Advanced Kar ” similar to
" Palantholi . Every, year definite areas are
thrown open for advanced Kar depending upon
the flow in the river and the additional flow
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expected to be released from the Papanasam for
development of Power.

Manimuthar river.

Manimuthar is the principal tributary of the
Tambraparani river.  Since  there has  been
surplus in the river over the Srivaikuntam anicut
even after the construction of the Papanasam
Dam and also there was acute shortage of water
at the fag end of the irrization season especially
under the anicuts lower down. the necessity for
the construction of another Dam was felt to
impound the surplus waters. Therefore. the
construction of the Manimuthar dam and reser-
voir with a capacity of 5,500 M.cft. was taken up
and completed in  JSanuary 1958. Water
is drawn from this reservoir for supplying to the
Tambraparani ayacut through four river sluices
each of size 5 feet by 6 feet. In addition to
catering to the needs of the existing ayacut. the
Manimuthar Reservoir is intended to provide
irrigation facilities for an additional area of
20,500 acres all indirect, under tanks in Amba-
samudram, Tirunelveli, Srivaikuntam. Tiruchen-
dur and Nanguneri tluks under the newly
constructed Manimuthar High Level canal.

With the completion of the Papanasam Dam
and the Manimuthar Reservoir, it has become
now necessary to remodel the channel taking
off from these various anicuts, so as to redesign
them and make them function for the revised
altered conditions obtaining at present. This is
now engaging the attention of Irrigation Engi-
neers of the Public Works Department.

AR

Bhanatheertham—Origin of Tambraparani River.

Nadkiyunni Anicut.

Kodamelalagian Anicut.

Kannadian Anicut.
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Papanasam U pper Dam. Papanasam Lower Dam.

Marudur Anicut. Srivaikuntam Anicut.
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STUDY OF THE CHEMICAL COMPOSITION OF CEMENTS

By

*Sr1 J. WALTER, B.A., B:E., M1E,, (Colorado),
+ Sr1 S. KRISHNAMURTHY, B.sc., and
i Kumarr SARALA, B.sC.,

*

Synopsis.

In this article the chemical composition of
various types of cements are given together with
a brief outline on their m;thods of .manufe.zctpre
and properties. The significance of .the‘ l;mltf;i
tions imposed by standard spec:{watxons as we
as the effect of altering the chemical composition
to obtain different types of cements to suit diffe-
rent requirements are also brought out.

1.1. Introduction—Cement is one of the
most important and commonly usefl b}:nldmg
material next to lime. In recent years the proci
duction of cement has increased by leaps arcx1
bounds, thanks to the _rapxd developments made
in the field of engineering under the Flyg-year
Plans. Various types of cements to suit different
requirements have been manufactured and speci-
fications to control their quality were laid d_owﬁn
as the demand for portland cement espec:ahy
as an ingredient of concrete mcreasedl and ft et:
requirements of engineers called for a ‘per ec
material. The nature and propertics of cements
from the point of view of their chemical composi-

tion, are discussed.

1.2. Classification of Cements.—The cemenlts
discussed in this article will be conﬁneddmosht y
to portland cements of various types an other
special types of cements with and  without
additives. These cements solidify when mixed

with water and can be divided into the following
five categories:—

1. Portland cements.

2. Natural cements.

3. High alumina cements.
4. Supersulphate cements.

5. Special types of cements.

The portland cements (1) are further sub-
divided as follows:—

(a) Oridinary poriland.
(b) Rapid hardening
strength.
(c)
(d)
(e)
(f)
(8)

Under the category of special cements
the following may be mentioned:——

(i) Masonry cement.

(ii) Trief cement.

(iii) Expansive cement.

(iv) Oil well cement.

¢v) Kuhl cement.

(vi) Erz and Ferraritypes of cements.

(vii) Sorel or Magnesium oxychloride
cement.

or high early

Extra rapid hardening.

Low-heat. ‘

Sulphate resisting.

Portland blast furnace.

White and coloured portland cements,

(5)

_:—superintending Engineer, (Designs), P.W.D,, Madras,

+ Junior Research Assistant, Concrete and Soil Research Laboratory, Madras.
t{ Laboratory Assistant, Concrete and Soil Regearch Laboratory, Madras,
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1. 3. Apart from all the above there are ties of cement would differ considerably. There-

portland cements with additives. The most
imporiant ones. are the Portland Pozzolona
Cements, Air entraining cements,. and Water-
proofed cements... The above three also will be
described briefly later.

2.1. It is proposed to take up for discussion
the normal portland cements first. Before
going into their nature and properties, the method
of manufacture is descrived below briefly.

2.2. In 1824, Joseph Aspdin calcined a
mixture of limestone and clay and called the
resulting product as ~ Portland Cement 7, since
the cement product obtained resembled the
samous oolitic limestone used in ancient days by
English Engineers for building purposes at Port-
land, England. The present accepted definition
for portland cement runs as follows: “It is a
product obtained by intimately mixing together
calcareous and argillaceous or other silica, alu-
mina and iron oxide bearing materials, burning
them at a clinkering temperature and grinding
the resulting clinker.” To the cooled clinker
obtained as above, gypsum is added and ground
in ball mills to the requisite fineness. Two pro-
cesses, namely, wet and dry, according to which
the raw materials are ground either in a wet or
dry condition are in vogue. Fig. 1 gives the
flow diagram for process of manufacture bring-
ing out the essential details. The manufactur-
ing process for other types of portland cements
are also similar with a variation of the quantities
or qualities of raw materials used in order to suit
the different requirements. Brands such as
Dalmia, A.C.C.. Shanker are being manufac-
tured by various companies in India.

3.1. Analvsis of cements—It is generally
found that most of the properties of the cements
are generally related to the nature. quality and
quantity of the chemical constituents which are
present and to their calculated contents of the
compounds present.  Although the amounts of
the various oxides present in cement vary only
between restricted limits, the calculated com-
pounds would vary much and hence the proper-
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fore it is essential to find out the analytical
composition of cements for assessing their pro-
perties. A chemical analysis is done according
to the methods prescribed in the standards to be
adopted. The various standards that are
normally used for this purpose are A.S.T.M.
(American Society of Testing materials), B.S.S.
(British Standard Specification), I.S.I. (Indian
Standards Institution). In the concrete and
Soil Research Laboratory the Indian Standards
Institution standards are being followed wherever
they are available. A chemical analysis com-
prises of the estimation of the following consti-
tuents for routine purposes in the case of
cements:—

1. Silica (S10.,)

. Alumina (Al :0;)

Iron oxide (Fe0))
Calcium oxide (CaO)
Magnesium oxide (MgQO)
Sulphur trioxide (SO ;)
Acid insoluble residue.

NSO AW

An estimation ror the loss on ignition is also
done. For special research purposes the follow-
ing additional estimations are done:—

(a) estimation of Free lime (Free Ca O).
(b) estimation of alkalics (Na, O -+ K, O).
(Potash and Soda).

The methods of chemical analysis are given
in the L.S. Standards (I.S. No. 269-—1958) as
well as standard text books on chemical analysis
which can be referred to. From the chemical
analysis results the compounds present can be
calculated.

41.1 Compound Composition of portland
Cements.—As stated earlier, the properties of
cements depend more on their compound con
tents. The constituents forming the raw
materials used in the manufacture of Portland
cements combine to form compounds in the

¥
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finished product. The most important com-
pounds are as follows:—

(i) 3 CaO. =Ni0. (Tricalcium silicate)

(ii) 2 CaO SiO. (Dicalcium silicate) C.S.

(1ii) 3 CaO Al. O, (Tricalcium Alumi-
nate) C; A.

(iv) 4 CaO Al O, Fe, O. (Tetracalcium
alumino ferrite). C, AF.

The difference in properties of the various
kinds of Portland cements arises from the relative
proportion in which these principal compounds
are present in the cement and the fineness of the
cement. The C .S and C:S constituents form
70-80 per cent of all Portland cements and are
the most stable and contribute most to the even-
tual strength and resistance of the concrete to
corrosive salts, alkalies and acidss The C . S
hydrates more rapidly than the C. S and it there-
fore contributes more to the early strength and
heat geperated and therefore the rise in tempe-
rature. The C, A component is liable to
decompose to hydroxides of calcium and alu-
minium on exposure to air and water and gets
casily attacked by salts and alkalies. The C, AF
component is comparatively inactive and contri-
butes little to the strength or heat of hydration of
cement.

4.2. Limitations of Cement Composition in
specifications —The first association formed to
control the quality of cement was in 1877 in
Germany. The B.S.S..(British Standard Speci-
fication) was drawn up as early as 1904 and
revised from time to time. In America the
quality of cements are generally judged by the
A S.T.M. specifications. In India, the quality
of the cement can be judged by the Indian Stan-
dard Specifications. the I.S.I. No. 269—1958
relates to the normal Portland, rapid hardening
and low heat cements. All these specifications
in general define not only the quality of cements
but also the nature and properties of raw materials
to be used. The specifications are liable to revi-
sion from time to time. the alteration made being

mostly to increase the stringency of the require-
ments.

4.3. Limits of chemical composition  in
general for the Portland cements are approxi-
mately as follows (after Lea):—

Percentage.
1 Calcium- oxide  (Ca0) percentage  60—67
2 Silicon dioxide  (8i,0,) 17—25
3 Alumina {A1.0) 3—8
4 Iron oxide (Fe 0,) 0'5—60
5 Magnesium oxide (Mg0) 01—55
6 Alkalies (Na0+K0).. 05-13
7 Sulphur Trioxide (So,) .. 01— 3

The AS.TM. _requirements for Chemical
composition are given in- Table I. As seen
from the table there are mainly five types and in
each type there is a slight variation in the require-
ments so that it can be adopted to the particular
type of work, it is to be put to. Types I and III
correspond to ordinary and rapid hardening
types of cements while type IT is slightly slower
in rate of strength development than type 1
but has additional limitations on chemical com-
position. Type IV corresponds to lower-heat
Portland cements while type V may come under
t}}e sulphate resisting type of cements. Table II
gives the typical composition of these five types.

4.4. Ordinary and rapid hardening Portland
cements are covered by LS. No. 269(1958.
The same specification holds good for low-heat
cement also with some modifications. The che-
mical requirements for the above cements as per

LS.I. Specification No. 2691958 are reproduced
below.

The cement when tested in accordance with

the methods givpn in Appendix A shall comply *
with the following chemical requirements:-—

(I) For ordinary and rapid hardening
types.—

(@) Ratio of percentage of lime to percentages of
silica, alumina and iron oxide when
calculated by the formula.

Ca0—0'7 SO,

2.8 80,412 AL,0, -+ 065 Fe,O,
Not greater than 1:02 and
not less than 0-66.
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(6) Ratio of percentage of alumina Not less than

to that of iron oxide. 0-66.

(¢) Weight of insoluble residue .. Not more
than 15
per cent.

(d) Weight of magnesia .. Not more
than 3 per
cent.

(e) Total sulphur content caleula- . Not nore
ted as sulphuric anhydride than 275
{(30,). per ceng

(f) Total loss on igunition .. Not more

than & per-
ceng

II. Low-heat Portiand cement—When tested
in accordance with appendix A shall comply with
the following requirements as to its chemical
composition. The precentage of lime after deduc-
tion of the amount necessacy to combine with
sulphuric anhydride present, shall be not more
than 2'4 times the percentage silica plus 12
times and percentage of alumina and plus (=65
times the percentage of iron oxide nor be less than
i-9 times the percentage of silica pius 1-2 times
the percentage of alumina plus 0w65 times the
percentage of iron oxide. All other require-
ments are as for the ordinary cements.

5.1. Necessity for the limitations—The loss
on ignition is ostimated in cements to find
out the degree of deterioration.  When the
clinker issues out of the Kkiln at bright white
heat it has no loss on ignition. If the finished
cement stands in a humid atmosphere it will pick
up moisture and also carbon-di-oxide from the
air and may ultimately set hard while it is still
in the sack. If any attempt should be made to
regrind and put on the market the cement that
had deteriorated thus, the excessive loss on igni-
tion would detect it.

5.2 Fresh Portland cement is almost com-
pletely soluble in dilute acid. The insoluble
residue tests only to find out whether any adul-
teration in the shape of finely ground sand or
other inert material.

5.3. The silica in Portland cement combines
with lime to form the cementing compounds

140

C:Sand C .S. Any change in the silica con-

- tent which increases the proporation of C, S will

affect the early strengths favourably but at long
ages the strength depends only on the sum of the
two. If the silica content is increased the setting
time 1s prolonged though the strength increasc;.
A higher content of alumina usually reduces the
setting time though there is an increuse ip strength.
Iron oxide imparts colour, combines with lime
and silica and helps in the fusion of the materials
during manufacture. The main roje of Al O,
(Alumina) and iron oxide in Porland cement
seems to be one of reducing the clinkering tem-
perature to make the process more economical.
Also a high content of alumina and iron oxide
makes possible the production of a cement with
the minimum amount of lime so that all the silica
gets used up forming tricalcium silicate without
any high content of free lime remaining in the
clinker. An excess of lime if hard burnt,
hydrates slowly and may make the resulting con-
crete unsound.  Limitation on the lime content
1s based on the fact that if there is an excess of
lime over that which can combine with tire acidic
oxide unsoundness is produced. The limitation
for lime content is based on Lea and Parker
formula. It is also seen that the lime content is
not controlled in most of the British specifications
now.

5.4. Magnesia in cements.—A high magnesia
content in cement in general is undesirable as it
produces unsoundness. The presence of crystals
of MgO, Periclase in a clinker has been found to
lead to long-term unsovndness in the resultant
cement, because of the expansion that accom-
panies its slow hydration.

5.5 Sulphur trioxide content is also strictly
limited in cements as like magnesia it produces
slow expansion in the set cement. A high con-
tent of sulphur trioxide also prolongs the setting
time considerably. Tt is only due to this fact
that even the addition of gypsum as a retarder is
done very carefully and in limited quantities just
sufficient to retard the time of setting,
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5.6. Free lime in cement—Free or un-
combined calcium oxide is present usually to a
small extent in Portland cement clinker and in
the ground cement. In a fresh clinker it is
entirely present as calcium o_x1de but ina grognd
cement a considerable portion of the total free
calcium oxide is usually found as calcium hyd-
roxide. This is due to hydration of free
calcium oxide during the grinding of the clinker
by moisture contained in the added gypsum owing
to the relatively high temperature developed in the
grinding mill. Table III gives the total free
limes as per cent calcium oxide in normal Port-
land cements and rapid hardening cements. The
calcium hydroxide liberated during the setting of
cement makes little or no contribution to 'the
strength of the set cement but is readily subject
to chemical attack. Hence to counter act Fhe
effect of free lime ; the use of Pozzolonas like
surki and flyash are being advocated nowaflqys.
The pozzolonas have the property of combining
with lime liberated and a lime pozzolona com-
pound of cementitious value is formed.

5.7. Alkalies (soda and potash )' in cements.—
Though the total content of sodium and pota-
ssium in Portland cement is small and their water
soluble alkali content is still less, they cause a
number of troubles. like z}lkall——aggrega'te
reaction efflorescence, and staining when usgd in
concrete, brick work or masonry and the lime-
stones in set cement mortar. In the case of the
limestones the staining is traced to the solubility
of the organic matter present in the llmestqne. in
the alkali hydroxides liberated by the alkali com-
pounds in cement mortar. The efflorescence on
brick work or masonry is usually that of alkali
or calcium salts derived both from the bricks and

cement mortar.

5.8. The most Importzmt1 damage causecz. by

ies is due to the alkali aggregate reaction.
Ill"ll?ea:lé:}:lt?(s)n is due to the interaqtion of the qlkah
hydroxides (Sodium and Potassium l}ydr9x1des)
released from the cement and a reactive form pf
silica, such as opal, chalcedomy, tridymite, cris-
tobabite, etc., present with aggregates used. Out
of the above opaline silica found in cherts, shales

and in some impure limestones are the most
reactive. The reaction leads to the formation of
an alkali silicate gel and sets up expansive forces,
leading to the cracking and destruction of con-
cretes. It is also seen that this type of action
takes place only when a high content of alkali
is found in the cement and when the same is used
with reactive type of aggregates. As a rule an
alkali content below 0.6 per cent is found to
cause little expansion even with reactive types
of aggregates with some exceptions. Such
cements are known as “ Low alkali cements ”
and the use of these cements are recommended
when reactive types of aggregates have to be
employed in concrete. The pozzolonas and
pozzolonic cements are found to be effective in
counteracting the alkali aggregate reaction due
to their ability to take up the sodium and
potassium salts from solution. Hence the addi-
tion of pozzolonas to inhibit the destructive
alkali aggregate reaction is recommended of late
when reactive types of aggregates or cements
with high alkali contents are to be made use of.

6.1. Manufacture and properties of other
types of Portland cement.—The necessity for the
manufacture of different types of Portland
cements arose out of the fact that any one
particular type was nct found to be suitable for
all types of construction, where cements with
different properties are required. Thus for,
instance the formation of cracks in large
masses of concrete has focussed attention on
the necessity for cements which liberate heat
slowly during the hydration process. Cements
with high resistance to various external chemical
agencies were required for use in different types
of strata. Cements for use in frosty weather
should evolve heat more quickly and hencc the
necessity for rapid hardening and quick setting
cements arose.  As mentioned earlier, the differ-
ence in the properties of various cements are due
to the variation in their chemical compounds and
to the fineness to which the cement clinker is
ground. Even a small variation in the chemical
constituents in the raw materials used can cause
a large variation in the compound content of the
cement and hence its properties (vide Table 1V),
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Therefore it is possible to obtain various types
of cement by using raw materials slightly diflerent
and by grinding the cement finer. Thus rapid
hardening Portland cement is similar to ordinary
Portland but is ground finer with slight alteration
in chemical composition. The extra rapid
hardening type is obtained by grinding calcium
chloride with rapid hardening Portland cements.
The rapid hardening property is due to the pre-
sence of more C.S and less C.S ordinary as
compared to ordinary Portland cements, and this
gives high early strength also. The calcium
chloride added in the extra rapid hardening
cements imparts the quick setting properties in
addition to accelerating the process of harden-
ing. Low-heai cements are manutactured from
raw materials with  a low calcium
content and a high silica content. In these
cements the provortion of .8 (Di  calcium
silicate} is increased and the proportion of C.S
(tricalcium silicate) is reduced as far as possible
in addition to restricting the amount of CiA
(tricalcium aluminate). Since a reduction in
temperature retards chemical action of hardening
the rate of evolution of heat will be less, thereby
extending the evolution of heat over a longer
period. Though due to this fact the rate of gain
of strength will be slow, it is beneficial in resisting
the formation of cracks in concrete.

6.2. The sulphate resisting cements one
similar to Portland cements but the amount of
C.A (tricalcium aluminate) present is strictly
limited. Due to this reason the formation of
calcium sulpho aluminate and the corresponding
sulphoferrite which produce expansion in con-
cretes is inhibited. In the place of these, the
compound C AF (Tetra calcium almino ferrite)
is formed which is resistant to chemical agencies.
These cements are useful in counteracting the
effect of sulphates present in waters and sulphatic
clavs when the cement is used in such places.

6.3 Portland blast furnace slag cements are
manufactured by grinding together a Portland
cement clinker and granulated blast furnace slag
of high lime content obtained as a byproduct in
the manufacture of Pig iron in proportions such
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that the content of granulated slag does not
exceed 65 per cent of the whole. These cements
which show a lower rate of hardening and a low
heat of hydration can be used for concreting
large masses in hot weather though they require
more careful handling at extremes of temperature
as they harden in cold weather rather slowly.
These cements are more resistant, to sea water,
peaty or slightly acidic water and sulphates.
Their resistance to sulphates is generally attri-
buted to the lesser content of free calcium hydro-
oxide present when they set, as well as the less
basic rature of the hydrated calcium silicates
present. The specifications for strength require-
ments are the same as for Portland cements and
these cements find an extensive use in marine
work. Indian Staadards Snecification No. 455-
62 lays down the requirements for portland blast
furnace slag cement.

6.4. White Poitland cements are manufac-
tured from chalks and limestones containing low
iron contents. The kilns are also fired by oil
fuel instead of coal so that the contamination by
coal ash is avoided. Coloured Portland cements
consist of Portland cements with 5:10 per cent
of pigment, obtained by grinding the cement and
pigment together. The more commonly used
pigments are iron oxide (red. yellow. brown and
black) manganesedioxide (black and brown),
chromium oxide (green), cobalt blue (blue),
ultramarine (blue) and carbon pigments (black).
The white and coloured cements may be used
more for decorative purposes. Table V gives
the chemical composition of important cements
other than those mentioned in table IV while
table V gives thc physical properties of eight
types of cements including some of the special
types mentioned below.

7.1. Special types of cements.—Natural
cements: These are manufactured from natu-
rally occuring cement rocks with compcsition
similar to the artificial mix for the
manufacture of Portland cements. Their pro-
perties closely resemble that of the natural
cement rock from which they are manufactured.
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7.2. High Alumina cements—These cements
are characterised by their dark colour, high early
strength, high heat of hydration and resistance
to chemical attack. They are manufactured by
fusing or sintering a mixture of gluminous and
calcareous substances and grinding to powder
the resultant material. British standard specifi-
cation No. 915 specifies that the total alumina
content shall be not less than 32 per cent and the
ratio of percentage alumina to percentage lrxﬁme
by weight shall be between 0-85 and 1'3. ‘the
rapid hardening properties of these cemcents are
due to presence of chicfly mono calcium  alu-
minate in the place of the tricalcium silicate. Due
to the formation of a ceramic bond in concretes
on setting, these cements are useful as refract(?ry
materials also. Mixtures of Portland and h!gh
alumina cements are used when quick setting
properties are required. As compared to special
types of quick setting ~ cements these
mixtures of Portland and  high  alu-
mina cements are more useful as these mix-
tures can be stored for longer periods if they are
kept dry. It is also seen that great care has to
be exercised when these mixtures are used since
their behaviour depends on ya}rious factors.
The high alumina cement exhibits a very high
resistance to sulphates. Usually it is seen that
in Portland cements calcium _sulpho. aluminate
(ettringite) is formed by the interaction of alu-
minate compounds with sulphate §o]u}10ns and
sulphate resistance decreases with increasing
alumina content. But, in the case of high
alumina cements, though the alum‘ina content is
very high. they show a higher resistance to sul-
phates. This has been explained as due to the
fact that expansion can occur only if a cement
compound in the solid state reacts with a sub-
stance in solution. But if the compound }tgelf
goes into solution-first reacts and then precipita-
tes as solid, no expansion can occur. In rthe case
of normal Portland cements, the free lime pro-
duced during setting renders the hydrated calcium
aluminates insoluble but in the case of high alu-
mina cements this hydrated calcium aluminates
pass into solution due to the absence of addition-
al lime as very little free lime is liberated during
their setting and hardening. The mono calcium

aluminate which is its principal constituent forms
dicalcium aluminate and a small amount of mono
calcium silicate and free alumina in excess of that
which can combine with any free lime, during
the hydration process. The point to be noted is
that while there is an excess of free lime over
and above that which can combine with alumi-
nates in Portland cements due to hydration of the
tricalcium silicate, there is an excess of free
alumina only in the case of high alumina cement.
Hence this free alumina which is relatively inert
imparts a high sulphate resistance, preventing the
formation of caicinm sulpho aluminate which
produces expansion, the chief cause for destruc-
tion of concretes when used in conjunction with
sulphates. There is no satisfactory and quick test
for the resistance to cheinical attack but the
resistance to sulphate attack can be found out by
strength tests on concretes immersed for Iong
periods in sulphate solutions (soundness tests).
There is another test known as “ Ansteti test”
for sulphate resistance in which expansion of the
cement is measured using gypsum. The quality
of the cements also can be assessed from its
chemical composition and from this an idea of its
resistance to chemical attack can be had.

7. 3. Super sulphate cements.—These are
made by inter grinding granulated blast furnace
slag (80-85 per cent), calcium sulphate (10-15
per cent) and about 5 per cent of Portland
cement. It has a low heat of hydration and
resists chemical attack due to the relatively low
content of free lime released during hydration.

7.4. Masonry cements were manufactured
to avoid the laborious process of mixing lime,
cement and sand as and when required in order
to prepare mortar for brick work, as well as to
avoid the presence of unslacked lime in the mix-
ture of lime sand and cement so prepared. Lime
has been used in mortar since it makes the
mortar easier to work. Apart from this, much
is not known about these cements as regards
their specification, tests and performance though
they enjoy a wide use in mortar.

Trief cements are similar in properties to
blast furnace type except in the preparation of
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these cements the slag is ground wet and
separately trom the cement.

7.5. Expansive  cements—To  counteract
the effect of shrinkage of concrete during the
hardening process expansive  cCmenis were ninu-
factured to be used with Portland cement.
These expansive cz2inents contain the expanding
calcium sulpho aluminate (3 CaO Al O 3CaS0
aq.). Ore of the compositions for an expanding
agent is a combinaiion of Kaoline  (206-35  per
cent). slaked ilime (4305 per cent) and Portland
cement (about 31 per cent). A stabliser is also
used, the commonly used ane being the blast
furnace slag which brings the expansion to the
desired limit. The expansive action caused may
be said to be made up of two parts nainely the
reaction of the calcium sulphate (CaSO) and
C'A  {Iricalcium aluminate) of the Portland
cement and the reaction of the CaSO, and the
Jess basic aluminate in the ~ Sulpho aluminate
clinker. The expansion continues only as long
as the concrete is kept moist and careful control
of curing is necessary.

7.6. Kuhl cemenis have a low  silica  con-
tent and high alumina and iron content. They
are similar to rapid hardening cements with
respect to their strength.

7.7. Erz und Ferrari cements contain high
iron oxides. the ratio of alumina to that of iron
being 064-1.0. Thev have a high resistance 1o
chemical attack.

7.8. Oil well cemenis are used in the  petro-
leum industry for cementing the steel casing of
oil wells. Thc type required varies according to
the conditions but the setting time and rate of
thickening must be retarded sufficientlv. This
is achieved by the adjustment of the compound
composition of the cement and by adding
retarders to portland cements. The proportion
of Fe. O: (iron oxide) is kept higher than
that required to combine with all th: Al03
(Alumina) to form 4 CaO Al1.0.Fe, Q. (Tetra
calcium Alumino ferrite). Hence the pro-
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portion of 3 CaO Al. O, (Tricaiciuin aluminate)
formed is small, thereby increasing the setting
time considerabiy. if retarders are used with
cements, then cements of the type A.S.T.M. 1I
contained a low content of C A (Tricalcium
aluminate) are used; since they are resistant to
sulphates also it they arc present in the strata
where oil wells are dug:

1.9 Sorel cemenis—=These arc  otherwise
known as magnesium oxychioride cement obtained
by reacting magnesia and magnesium chloride
solution. The product is hard and strong but
1s attacked by water easily and hence wax protec-
tion is given for these cements, on the surface
when they are used as-a flooring material.

8. 1 Cements with Additives.

Pozzolonic cements: Under the classification
of cements with additives, the most important
one is the Portland pozzolonic cements prepared
by grinding together Portland cement clinker and
a pozzolona or by mixing hydrated lime and a
pozzolona. A pozzolona is a siliceous material
which whilst itself possessing no cementitious pro-
perties will when in finely divided form react in
the presence of water with lime at normal tempe-
rature to form compounds having cementitious
propertics. The materials generally consist of
calcined clays and shales, diatomaceous ecarth,
opaline cherts volcanic materials such as tuffs
pumicites and trass and artificial materials
such as blast furnace slag or fly ash. Pozzolonic
activity is the property exhibited by the pozzo-
lonas namely to combine with lime liberated
during the hvdration of cements to form cemen-
titious compounds. There are various tests for
determining this activity. The pozzolonas are
uscful in counteracting the bad effects of free
lime liberated during hydration of the cement,
which causes the disruption of the concrete. The
pozzolonas also interact with alkalies present in
cements thereby counteracting the effect of alkali
aggresate reaction explained earlier. Hence the
nozzolonas are used as admixtures to cements
wherever the aggregate used is known to be re-
active. Other reasons for using pozzolonic
cements are improved durability, combined with
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econocmy obtained in concrete constructed in ma-
rine, hydraulic and underground siructures as also
the reduction of heat evolved. The chemical
composition of some of the American Pozzolonic
cements are given along with the composition of
natural and Portland cements (in Table VII).
It will be seen that all pozzolonic cements are
rich in silica and alumina and low in alkalies.
For the pozzolona to be effective, the silica it
contains should be in the amorphous form and
not crystalline. It should also be in the finely
divided form for easy chemical interaction.
This explains the difference in the behaviour of
different types of pozzolonas.

8.2. The anralytical composition of a pozzo-
lona affords no criterion of its activity. Also
the finality in the routine testing of pozzclonic
cements have not yet been reached, and are still
being experimented upon. 1.S.-No. 1489-1962
lays down the specifications for portland pozzo-
lona cements.

8.3. Air entraining cements--~There are
Portland or Portland blast furnace cements to
which a small amount of air entraining agenis
such as natural resins, sodium salts of sulpho-
nat~s, glues -alts of fatty acids, etc., are addod
during grinding. These materials reduce the
surface tension of water and stabilise very small
air bubbles in the mix in a manner analagous td
the formation of a foam on soapy water. The
entraiminent of air increases frost resistance and
to some extent imparts resistance to sulphate
waters. It improves the workability and reduces
the scgeregation and bleeding of the concrete
mix. The amount of air entrained varies to
some extent with the richness of the concrete
mix, the type and grading of the concrete mix,
and ageregate and other factors. It is also seen
that there is no advantace with respect to
durability if the air content is increased to more
than 6 per cent. as it may cause a decrease in

compressive strength than what is normally
ailowed.  The An. .M. specitication controls
the amount of air entraining agent added by a
test on the air conten: of a swiidard 1:3 cenent
-sand mortar in which the weight per 400 ml
is determined and the air content calculated from
the theoretical weighit of the air-frec matenal.
A number of indegenous and cheaper air entrain-
ing agents are being developed nowadays.

8.4. Water proojed  cements—-These  arc
ordinary Portland cements to Which certain
water proofinz substances such as culcium
stearates. aluminium stearatess and  gypsum
treated with tarnic acid and some non-saponifi-
able oils, are added during grinding. Special
water proofing properties are attributed to these
cements and much precise information has not
yet been made availabie about the properties of
the cement.

8.5. Conclusion.—The chemical composition
as well as the necessity for the iimitations of the
amount of chemical constituents for the most
important types of cements have been discussed
briefly in this article. As a complete  discussion
on the various aspects of the physics and chemis-
try of cements involves the study of a large
number of factors and as the same cannot be
covered in an article of this type it is pointed out
that references may please be made to a number
of standard books on cements published.  Out
of a number of books the names of two important
books are mentioned below which are uszful as
reference books.
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(Flow sheet for the manufacture of cement).

(After Lea),

STUDY OF THE CHEMICAL COMPOSITION OF CEMENTS

v

TABLE 1.

CHEMICAL REQUIREMENTS (A.S.T.M. STANDARDS):

1. Silicon dioxide (Sio ) max. per cent

9. Aluminium oxide (Al,0)) max. per cent. ..

3. Ferric Oxide (Fe 0,) max. per cent

4. Magnesium Oxide (Mg0) max. per cent .. .
5. Sulphur trioxide (S0,) when 3 .JaO, AlO,is 8 per cent or

less max. percent

6. When 3 Ca0. Al0O, is more tha.n 8 per cent max. per cent

6-A. Loss on Ignition, max. per cent
7. Insoluble Residue max. per cent
8. Tri calcium silicate (3Ca0. 8.0 ) max. p:rcent ..
9. Dicalcium silicate (2Ca0. 8i0,) max. per cent
10. Tricalcium aluminate (3Ca0 A1,0,) max. per cent

* The tricalcium aluminate shall not exceed 5 per cent and the tetracalcium alumine ferrite (4 Ca() Al,0; Fe.0,) plus twice the
amount of tricalcium aluminate shall note exceed 20 per cent.

REMARKS,—

Type I: For usein general concrete construction when t

required.

Type II : For gencral concrete construction expose

is required.

Type IIL: For high early strength.
Type 1V : Low heat of hydration,

Type V : High sulphate res
(Types I A, ITA en

istance required.
d IITA same as I, IT and III but they have an air entraining agent added).

..

TABLE IL

Type I,
(2)

50

2+D
3:0
30
075

Type II.
3)
21-0
60
6-0
50

2B
30
075
50

8

Type III.

4)

65
50
30
30
30
075

s

15

Type IV. Type V,

(5)*

50

23
23
075
36
40

7

TYPICAL COMPOSITION OF VARIOUS A.S.T.M. TYPES OF CEMENTS (AFTER LEA).

Portland type.
1
Type 1
Type o .. . .o
Type nr .. e .e
Type IV .
Type V .

7 5i0,.

PER CENT. -

213
22-3
204
243
250

A1,0,.

(3)

PYR CENT,

6-0
47
59
43
34

Feg0,.

O]

PER CENT.

277
43
31
4.1
2+8

g
S

(8)

PER CENT,

63-2
631
64-3
62-2
64-1

=
S,

2
(8)

PER OENT.

29
25
2+0
1-8
19

%
()

PER OENT.

1-8
17
23
19
1-6

~
.

)
(8)

PER CENT,

1-3
0'8
1-2
09
09

(6

40

23
30
075
50-0

-

2

he special properties specified for types II,A III, 1V and V are not

d to moderate sulphate action or where moderate heat of hydration ;
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TABLE 111.

FREE LIME CONTENTS IN NORMAL PORTLAND AND RAPID HARDENING CEMENT

oz <
. £8.8
s§ix
Cement. ~ Z ; 3 Cement.
T34%
By —
: o)) 2) (H
Rapid Hardening Portland cement 1 1-2 Normal Portlond cement 7
2 35 8
3 37 9
4 39 10
5 42 11
6 46 12

TABLE 1V.

CoMpouxp COMPUSITION AND COMPOUND CONTENT OF CEMENTS (AFTER LEA).

Ordinary Rapid

Percentage Comp sition-Main Orides, P rtland. hardesing

poitland.
n (2) (3)
Ca0 .o - . .. 631 645
Siv, . - .. .. 20°6 20-7
AlO, . . .. .. 63 b2
Fe 0, .. .. .o .. 36 249

Percentage Compound composition :—

CS .. - - .. 40 50
CS . - .. .. 30 21
CA . . . .. 11 Y
CAF .. . .. . 1 9

Remarks ; Note: The comparatively lavgsy varintion i1 th
the chiemical una'ysis of raw materials.

TABLE V

(CHEMICAL COMPOSITION Ol CEMENTS.)

2
3
£,
- Cement, "
&2 < - < ]
3 < < & )
{h 2) R} (4) (3) (6)
Prr cewr PERCENT PeR ceNt PER CENY

1. Portland blast furnace

slag 59-0 81 10 228
2. Super sulphare cement 45.0 1311 10 252
3. Hi¢ch Alumina

cement 377 385 127 53
148

Lou heus
rortiand.

(H
60°0

e

52

46

[l
[~ I S

i4

»

Mgyo

o
(7 (n;
PEr BN Penr CeENT
35 17
35 70
(1] 0-1

(AFTER LEA)

JSree

liswr conrent

expressed
per c. nt Cal

Total

-
]
~—

L=
eSO W =T

Sulphute
Reirting
portiuyd.

5)

640

244
37
3-0

40
40
5
Y

o compound composition wh'ch can result f:0:n a vey swat variation in

<
<

&,
i9)
Per cLNT
05
09

39

STUDY OF THE CHEMICAL COMPOSITION OF CEMENTS

4

6.

1.

Cement.

(1
Rapid hardening

2. Ordinary Portland

Low heat Portland

Sulphate Resisting cement

. Portl:nd B'ast furnace slag

Supersulphate cement

High Alumina cement

TABLE VI,
& 3
% < g
$%F 53
(2) (5)
High, High.
Medium. Medium.
Low, Low.
Low. Low.
to Medium  to Medium.
Medium, Medium.
Medium.  Very low.
Very high. Very high.
Low. Low
to medium.
TABLE VII,

Drying hrink
age.

(4)
Medium,

Medium.

Higher
(Somewhat)

Medium.
Medium.

Medium.

Medium.

Somewhat
higher.

PHYSICAL PROPERTIES OF DIFFERENT CEMENTS (AFTER LEA).

§3 R

29 § %8

&3 £3E

(5) (6

Low. Low.

Medium. Low

High. Medium.

Medium. High.

Medium. Medium.

No infor- High.
mation.

Low. Very high.

High. High.

CHEMICAL COMPOSITION OF AMERICAN POZZOLONIO CEMENTS COMPARED TO
NATURAL AND PORTLAND CEMENTS (AFTER KALOUSK AND JUMPER).

8. Porzolonic cement

i

3

3

3
8i0, .. 28-2
Fe 0, .. 37
Al O, .. 82
Cal .. 486
Mg0 .o 35
80 18
Ignition

loss .. 58

Na 0 .. *
Ko .o *
Insoluble. . 16'5
Free ..
Cal . 07

(a) A'so 09 per cent Fel
(b) Gained wt.
{*) No data.

Pozzolonic cements.

281
0-9(a)
107
55'6

2-2
0-8

(®)
*
*
03

04

333
53
133
397
21
1-9

2-7
004
1-24
355

01

31-2
53
71

498
20
15

08
1-61
093
197

04

264
33
7.3

57'5
16
1-8

(b)
0-22
0-98

05

01

Natural cements.

26-2
2:2
79

589
2-8
1-8

56
*

*
1-8
52

Port land
cements.

211 21-8
27 53
80 45

630 651
33 10
19 1-8
2:1 08

*
*
01 02
16 15
149
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“My passage through school has not made me a
Polytechnician in the ordinary sense of the term that is to say,
a man with a belief hard as iron in the virtue and the power
of deductive reasoning particularly in its mathematical forms.
Of this faith I have been unable to acquire the smallest
particle.

For me only two sources of information exist: the direct
perception of facts and intuition, in which I sce the expres-
sion and summary of all the experiences accumulated trom
the first life cell in the sub-conscious of all beings. Intuition
must, of course, be chocked by experience. But when it is
found to be in contradiction with the results of calculation,
I have the calculation done again, and my colleagues assure me
that when all is said and done it is often the calculation which
is wrong. ”

E. FREYASINET.

PRINTED BY THE CONTROLLER OF STATIONERY AND PRINTING, MADRAS, ON BEHALP oF
THE GOVERNMENT OF MADRAS, 1963.
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