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FOUNDATION TREATMENT FOR DAMS,

- R. RAMASAMY REDDY, B.E. (Hons.)*
K. RAMACHANDRAN, B.E. (HoNs.), A.M.LE.T
M. SADASIVAM, B.E. §

1. General Conditions—

The term foundation used herein will mean
all that part of area under and adjacent to the
dam. The bearing capacity and the imper-
meability of the rocks are generally sufficient
but difficulties arise due to faults, open or
filled (fractures formed as a result of differen-
tial movements) crush or shear zones, joints
(fractures formed without appreciable move-
ment) bedding seams, dykes, sharp folds, zones
of deep weathering and alteration and solution
channels, cavities, lava tunnels and buried
gorges. These various defects of rock are
iliustrated in figure 1 and suitable steps must
be taken to rectify the defects.

1.1. Main consideration.-—Assuming that the
preliminary investigations have indicated that
suitable foundation is available, the following
are the main considerations for preparation of
the same.

(1) Bearing capacity,

(2) Bond (with masonry),

(3) Sliding or frictional resistance,

(4) Control or reduction of uplift pressure,
(5) Prevention or control of seepage, and

(6) Prevention or control of scour from
overflow or outlets.

The general nature of these considerations
are explained in this section.

1:2. Bearing capacity.—It indicates bearing
strength over the entire area besides the com-
pressive strength of the rock itself. In general,
most firm, non-decomposed rocks have suffi-
cient bearing capacity for dam foundations but
special considerations are necessary for high
dams. Seamy, fissured, faulted and stratified
rocks require special treatment. Treatment

of theseare outlined in subsequent paragraph.

1.3 Bond.—To obtain a tight bond between
the rock and the masonry, the rock surface
should be absolutely clean in addition to having
a serrated and ragged surface. '

1.4. Sliding or frictional resis'ance.—On firm,
hard rock, where a tight bond can be secured,
there is no danger of sliding at the contact
surface. One important point to be borne in
mind is that there should be as much resistance
tosliding below the surface as at the surface. This
makes it necessary that special consideration
should be given to stratified rock and rock with
open, soft or clayey horizontal seams. In
extreme case it may be necessary to set the
dam deep into foundation to secure a ‘toe hold’
in order that the weight of sufficent bed rock:
downstieam of the dam may be available to
resist the sliding forces.

L5. Control or reduction of uplift pressure.—
Uplift will depend on the charactor of the'
foundatlon.rock. It is possible to control and’
reduce uplift pressure by grouting foundation

seams and combination of grout curtain and
drainage.

1.6. Prevention or control of seepage.— :
of the measures adopted to cofl)thol‘ ulgloii'z
pressure will also work for reducing leakage -

except the drainage which tends to increage it..

1.7. Prevention or control of  scour.—The'
hydraulic jump, principle in fthe dzgfgnTI;i'
protection features, is the basis of the mor
common methods of treatment. Where a‘deee
joa,xl water 18 assured, very little may be requireg
in the way of special foundation treatment
If the tail water depth is not sufficient protec-
tion, then the nced for a concrete apron is
indicated. Sometimes, when conditions a,rl:

not severe, a comparatively thin concrete

* Superintending Engineer (Designs).
t Deputy Chief Engineer (Irrigation and Designs).
t Assistant Engineer (Designs).
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FOUNDATION TREATMENT FOR DAMS

apron will blanket the rock seams and thus
serve as sufficient protection. All such aprons
should be so designed as to safely resist possible
uplift pressures.

2. Investigation—

Preliminary surface and sub-surface explora-
tions are essential. The aid of a competent
Engineering Geologist working in co-operation
with the Engineer cannot be over-emphasized.
The observations and studies should be continued
even after the rock had been exposed and
should include detailed surface, and sub-surface
examinations up to the time of its final prepara-
tion. More detailed explorations of the surface
conditions in the form of test pits, trenches,
abutment drifts and core drilling should follow
the preliminary exploration. To compress as a
result of these explorations the Engineers in
charge should have a fairly complete picture of
the sub-surface with all running faults, fissures,

seams, etc.

9.1 Exploratory Drilling.—Various types of
core drills are available, viz. the diamond drill,

hole from ground water and (j) any required
tests to show rate of leakage out of hole under
drilling pressure or higher testing pressure.

The purpose of core drilling is to secure as
nearly as possible undisturbed samples to
predetermined depths of the foundation rock.
Core interpretation should be done scrupu ously
with the aid and under the expert supervision
with an experienced man with a knowledge of
engineering geology and also of the technique
of drilling and core recovery. To sum up core
drilling calls for expert interpretation without
which the potential value of core dri.ling work is
largely lost. Further the method and success
of foundation treatment depends solely on the
complete and correct interpretation.

o~ G
3. Excavation Work Proper— }\’C’ ’

Excavation work proper can be broadly
divided into two categories, namely, rough
excavation and final excavation.

3.1 Rough Excava'ton.—The term rough

exacavation refers to the removal of all over
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separated from the main rock mass by seams or
cracks. This work should be done with great
care 80 as not to leave on the foundation surface
any rock other than that which is an iniegral
part of the rock mass.

The prepared foundation should be free from
sharp angles which might tend to induce shrin-
kage or shearing stresses in the concrete of the
dam. Top edges of the benches or the like,
should be chamferred approximately to 45°.
At abrupt changes in elevations of foundation,
concrete may be laid ‘n short lifts against the
rock face so as to permit initial shrinkage to take
place in the lower lifts before the higher ones
are placed. The possibility of having a vertical
joint at these abrupt change will merit serious
consideration as they lessen the possibility of
shrinkage cracks and excessive  shrinkage
stresses,

Following the scaling and trimming the
foundation surface should be thoroughly cleaned
of all loose particles including the very finest of
the chips, sand and dirt. For this generally jets
of mixture of air and water under considerable
preassure are used. As an added precaution to
obtain proper bond it is sometimes specified that
the finished surface shall be covered with an inch
of rich mortar before the structure is built.
Where it is essential to adhere strictly to pres-
cribed line as in the case of cut offs or toe holds,
line drilling or channelling and broaching (in
shale or softer rocks) should be resorted to.

4. Treatment of defects—

4.1. Seams and faults—As already stated,
rocks are not always sound in all places free
from faults, shear zones, joints, bedding seams,
etc. These various defects of the rock are to be
treated suitably.

At Bakra dam site, there were numerous
thin shear zones varying in thickness from 6" to
15" laid nearl_y hon;ontal with a slight down-
stream dip existing in both abutments. These
thin fault zones were Jnostly of decayed rock
width clayey material infiltrated in the closely
orisis © rossed joining pattern. After excavating
ab atment to initial excavation lines, these
;gges pave been trenched as deep into the

8

" taken as only 30 feet.

abutments as practicable without cutting or
disturbing the rock formations on either side
of the strata. These trenches were then plugged
with concrete. These trenching and back filling
of concrete were done in small sections of 207
length or less. After the concrete in plug has
set, drill holes of *“ Nx * size, at one foot inter-
vals at specified depths and inclination were
drilled through the concrete plug centrally.
Then washing of seams and grouting as per the
specifications are done. (Figure 2.)

At Peechi dam (Cochin) 130 feet high, there

was a dyke running across the dam width

filled with soft disintegrated rock. The dyke
was 1’0" wide for some length and became 200"
wide in the rear portions. The soft rock was.
removed for a depth of 56 feet and while its
width decreased, it did not disappear. The
rock was completely porous and the water was
coming up as rapidly as it was being removed.
Suggestions were made to resort to chemical

injections, back filling and high pressure cement
grouting.

At Madupatti (Travancore) the two abutment
hllls_ were running practically parallel and
vertical, the intermediate length being filled
up with big boulders with clay binding. Though
the dam is not high, it was thought, necessary %o

remove the over burden to 60’ to 80’ below the
surtace.

At Lower Bhavani (Madras) the rock i

of horn blende gneisses with) ultra, ba:i(()znisrllﬁi(%
sions giving rise to pockets of taleschists The
width of schists was at places only 10" th k
while at others it is 100" and more. The v;(':
was dlpplng up stream at an angle of 50° ?g
65° so that it was anticipated tha it would do
harm if it was covered by atleast 10 feet of hanc(i
rock. But it was thought that tale could f)
avoided altogether and the alighment of the
d.am was shifted during execution by 70°0” o °
side and even so, a skirtin g channe] of vveattlll1 Ong
rock was found. This had to he removed e%re
depth of nearly 60 feet below the bed and bagk&

filled with concrete, th . ba
designs, the anticipated dgugh In the original

Pth to sound rock wag
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Tungabadra Dam is founded on epidiorite at
a depth of 15 feet below the bed of the river.
The rock was dipping upstream and is in slaty
formation. The fault zone in this case consisted
of a clay seam of varying thickness from }" to
1 foot (maximum thickness being in the rear).
The seam continued for a length of 51 feet from
the axis of the dam to the rear. A cut off trench
was provided at the upstream end of the fault
zone. Grout holes 30 feet to 50 feet were drilled to
intercept the fault. These were used for yvash-
ing the fissure and the subsequent grouting.

Washing was done by applying air and water
under pressure and openings were formed initi-
ally and 4" metal pipes were fixed in the formed
openings and drilling was done through these
up to 50 feet depth using calyx drills. ~ All the
formed openings were plugged by filling with
concrete and futher washing was tried to create
new openings along the seam. This operation
was successful and after completion of washing,
all the formed openings were cleaned and con-
creted leaving a few pockets open which would
serve as ventways during actual grouting.

At Kundaly dam, there was a big cavity
filled with clay inside the rock in right abut-
ment and this was excavated and refilled with
concrete.

In seismic regions, care should be bestowed
on the presence of faults even though they
might have been dead and inactive for consider-
able periods. Thusin Norris Dam a fault was
encountered across the width of the dam and
possible future movement due to earthquakes
or other reasons provided for by an open
joint. (Fig. 2).

In Conchas Dam founded on Shales, both
laminated and uncemented types, care was
taken to prevent rapid weathering of uncemented
shales by coating the shale with water proofing
preparation (Asphalt) and to prevent sliding on
smooth bedding plane, a reinforced anchor wall
was constructed.

In case of Norris Dam, no attempt was made
to wash unsound materials from the seams as it
was felt that the small size of the 2-5/16" holes
spaced SO widely precluded the possibility of

467—0—8

applying sufficient volume of water to do any
real good. A complete replacement ot unsound
material with grout was not sought but rather
a consolidation of this material by penetrating
and filling the open spaces with hard grout
injected under sufficient pressure to compact
the loose material in the seams.

Throughout the length of Wheeler Dam,
there were approximately 60 vertical joints
crossing the foundation almost normal to the
axis. On the surface they were 3" to 3" in width,
widening to approximately 12" where they
intersected bedding planes were clay-filled and
water bearing, and at a depth of 25 feet to 30 feet,
picked out toa thin quartz-filled, water-tight
joint. Near the upstream face of the dam,
a 36" short drill hole was drilled across each
joint, deep enough to remove the open area.
When these holes were filled with concrete,
a perfect cut off plug was made.

In 1924, in the case of the great falls leakage
problem, a tunnel was driven parallel to the
axis of the dam along certain seams near the
contact of the two Fort Payne members and
same grouting was done from this tunnel.
A material reduction of leakage was realised
at that time. Both cement and asphalt grout
were pumped into the leakage area, the former
unsuccessfully, but the latter with the marked
success. This leak No. 5 was almost entirely
corrected with asphalt grout. Similar method
was adopted in the case of Wilson Dam,

In case of Chickmuga Dam, without

~washing, these holes were grouted with a low

cost  prescription grout” in which sand,
bentonite and cement were used. The pressure
used were generally 05 psi for each foot ot
overburden or if in deep rock, 1 psi was added.
for each foot of depth in the rock,

The pervious foundations, met in Mula Dam
site in Maharashtra State, are proposed to be
made water-tight by the treatment of the
deeper layers by grouting while for the upper
part of the foundation, the natural soil will be

excavated and removed and back filled with
clayey soil. '
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) 4:2. Lealage.—Some leakage through rock h i) "~
is to be expected as thero is no eo;hpletely p=h+41-33h 3v/h 9y =y C s ;‘
impervious rock with no clevages or breaks 20‘4—\ VF‘# ,,F;f‘:‘" gt
whatsocver. Two methods are available to There i 0 40 -1 / " - §
confine leakage to a reasonable limit viz t 1¢ Is another general rule wh; ' o 7 &
off trench and grout curtain cut offs. {‘3}1116 tltmt the pressure of grouting jn ?b which states fﬂ*’gg 7,#'5‘%: M,Cf;;fﬂgwb ,ﬂfn“g S
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: . e - A & ¢ %
Grout 18 composed of a mixture of neat ;lssm&xlmum height of the ?il;orgld be one-third ﬁamf /"ﬂfp/ln/ \\ L
cement an d Waterl with admixture like rook a constant varying frop, 2a5bCRIe zhe'%o]e, \\\
. ) . . 4'5. Washi . to 75 ft
flour, pentonite, clay etc., under special cir- ashing out.— ‘
cumstances. A thorough study of the geologi- be cleaned out thorouglﬁlalch grout hole should ' '
cal feature should precede any grouting ?‘ntd I:Vater. Water shogrl dWIth compressed air ' ROUTING BY STAGES X BY USING A SINGLE SETTING
operation. lvt'li (f oles at moderate pr then be pumped Filg S i
re and pressure control.—Pres © 8eams and to locate lessm'e to clean out .
4-4. Pressw . sures and to test E ks e 2 K.

from 50/to 150 psi is named as low pressure filled with gang

10 467—9—2a



10 THE NEW IRRIGATION ERA

e e
e

4-6. Grouting programme.—Thin grout travels
farther than thick grout. At the start of
grouting operation thin mixture of one part of
cement to five or six parts of water i1s used
which is gradually thickened ultimately to
1 to 1 or 1 part to 0-6 partof water. Curtain
grouting is accomplished by grouting one or
geveral lines of holes at the upstream face of
dam. Generally more than one line of holes
will not be required except in cases where
exceptionally high pressures are required. In
such cases, additional lines of holes are
shallower and are utilised to consolidate the
surface over a wider area. Sometimes ‘split
spacing > is adopted, where primary series holes
are drilled 15 feet to 25 feet apart. The second
and third series of equal number of holes are
drilled intermediately to reduce the final spacing
to quarter of the first. It is preferable to
grout each hole before the adjacent holes are
drilled.

4-7. Stage grouting.—Where the foundation
contains weak horizontal bedding planes, that
are apt to be lifted up by grout pressure and
where high pressures are required for the lowest
depths “Stage grouting’ is resorted to. One
method of doing this is to drill a shallow hole,
grout at low pressure and clean out before the
grout has set very hard. After the grout in
the rock has set the hole is drilled deeper
grouted under higher pressure and the process
repeated till the required depth and pressure is
reached. Another method 1s to drill holes to
the final depth and extend the pipe to the top
of the lowest zone, use an expanding seal at
the end of the grout pipe to prevent the grout
from rising and grout at high pressure. The
pipe is then raised so that the seal is at the top
of the next zone to be grouted at somewhat
lower pressure. .

Usually the tightness of the foundation
increases with depth and it is not necessary
to carry all holes to the deepest depths. In
these cases one of more lines of shallow holes,
from 10 to 20 feet deep are drilled and grouted
first, in order to consolidate the surface and to

rév’ent Jeakage of high pressure grout to be
used at lower elevations. Thpn anoth(?r single
liﬁe of hole is drilled at WI?ier spacing and
grouted at higher pressure and so on.

12

4°8. Special grouting.—Special grouting is
often requred on steep abutments, where
major surface seams crevices or fractures in the
rock are in evidence where percolation path
may be relatively short. Such  special
grouting with properly placed concrete cut off
walls will be effective means to prevent undue
seepage through and around abutments.

4'9. Drainage .—The purpose of drainage is
to relieve uplift pressure, thereby increasing
the stability of the dam and to pick up and
safely conduct to the river channel below an
seepage water that may find its way through
or beneath the dam. It ig accomplished
usually, by means of a series of drainage holes
3" to 6" in diameter, about 10 feet on centres
and drilled into the foundation rock to
depths of from 25’ to 50’ or more. The holes

are located on a line parallel to and a short

distance downstream from the grout curtain.
The seepage water wells up through the drainage

holes, usually into a drainage gallery from
which it is led away. While constructing the
base of the dam metal pipes may be installed
or holes formed otherwise, to facilitate sub-
sequent drilling of the drainage ho'es. These
drainage holes should not be drilled until all
grout holes have been drilled and grouted.

4°10. Consolidation grouting.
and cracked foundations of
rock can be successfully
grouting. The holes are seld
or 30 feet deep. They are so
length and width of foundat
regular hexagons with cen
very essential that all
washed out before
begins.

5. freatment of foundation for earth dam —
5'1. Genera’.—1t is

—Badly faulteq
otherwise good
consolidated b

om more than 29
Spaced along the
1on so as to form
tral holes. It is
the seams be thoroughly
consolidation grouting

possible to construct an
earth da,r_n on almost a.y foundation . available
Foundations of earth dams are often more or
less recent alluvial deposits which have not
been consolidated under any material load.
Coarse sands and gravel in the foundation
give no trouble with regard to stabLity. For
very fine and uniform sands great caution is
necessary. It is possible to consolidate such
& foundation by pre-saturation or blasting.

FOUNDATION TREATMENT FOR DAMS

11

ic clay foundation is the one which will
ﬁ}qpull?rit the ygreatest amount of study and
investigation. Frequently extremely flat slopes
must be used for the earth dam built on such
a foundation in order to keep the stresses
sufficiently less than the strength of the
material to provide a suitable factor of safety.

i ths
tment proposed for different dep
of'gtl;vggzas; founda?tion are all given in a tabular
statement together with the connected drawings
which are self explanatory. | :

. tment of foundation—(i) Clearing and
Mr?pzp;inquic—l-{‘):'ees aj;'}; stumps should be removed
from the site. Requirements of stripping vary
with the conditions at site. As a general rule
stripping requires only removing the sod (and
not necessarily all the roots and obtaining a
bond between the embankment material and
foundation material).

5-3. Removal of vegetable matter—Some specifi-

I require that all soil containing more
»:ﬁzﬁng pex('l cent of vegetable matter shall be

removed from the site. The percentage of
allowable vegetab e matter varies from three to
eight In many cases the presence of a small
percentage of vegetable matter may help to
make the material more impermeable.

54. Bonding Dam to Foundation.—It isa
matter of prime importance to make sure that
there is no definite dividing plane between
the foundation material and the material com-
posing the embankment. The original surface
should be ploughed up before depositing any
material on it. In the case of rolled fill
embankment the surface should be liberally
moistened before the first layer is placed.

5'5. Conclusion.—A rather complete but
concise treatment has been attempted in this
article on the basic consideration involved in
the examination and preparation of foundation
for masonry dams. It is hoped it will serve as

a useful guide for personnel charged with the
particular duty. '

EARTH DAM~TREATMENT OF PERVIOUS FOUNDATIONS.

hickness o Depth of Stratified or Device for control Additional requirements
Case  Figure Tozte:rlying / pervious komogeneous. of seepage. (other than siripping).
mumber. number.  Vmpervious SJoundations.
 layer. |
{1 2 ®3) (4) (5) (6) )
1 107 (A) None .. Shallow .. Either Cut-off trench [sec.

1 107 (B) None Intermediate .. Either

None
1 108 deep.

Intermediate or _ Stratified

Toe drain [section 126 ()]
downstream filter may be
required [sections 126 (b)
and 127 (). Grouting
may be required (section
124).

126 (b)).

Sheet piling or Toe drain [section 126 (i
cement bound large core required |sec-
curtain cut-off tion 131 (¢)] key trench
|sections 126 [section 123|.  Down.

(d) and (e).] stream filter my be
required {section 126 (%)
and 127 (C ;].

Partial cut-off

trench [section
126 (c)].

Same as above, except no
key trench required,

13
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EARTH DAM—TREATMENT OF PERVIOUS FOUNDATIONS.
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Thicknses of Degth of Stratified or Devwice for control Additional requirements
. Case Figure overlying pervious homogeneous. of seepage. (other than stripping).
Jumber. number.  impervious  foundations.
layer.
(1) 2 3) 4) ) (6) (7
" one .. Dee .. Kither Horizntaol drainage Large core required
1 107 (©) N P blanket [section [sgection 134 (e)].
126 (k)].
Upstream  blanket sec-
tion 134 (¢)]. Upstream
blanket [section 126 (g)]
may be required to mini-
mize seepage loss,
Key trench (section 123),
toe drain [section 126
@]
2 107 (A), Less than 3 feet. Various depths Treat as correspond-
(B),(C), ing case 1 founda-
108. : tion.
2 107 (A), More than 3 feet, Shallow or inter- Trfaat as correspond-
(B), less thanreser-  mediate. ing case 1 founda-
108. voir head. tion.
9 109(A) More than 3 feet, Deep Homogeneous. Drainage trench Key trench (section 123)-
or (B). less than reser- {sections 126 (i)
voir head. and 127 (e)] or
pressure relief
wells {section 126
2 )
9 109(B) More than 3 feet, Deep Stratified Pressure relief Key trench (section 123),

less tF an reser-
- voir head.
) .. More than reser-

voir Lead.

Case 1—The pervious foundation is exposed.

(vff)el]s (section 126  Toe drain [section 126 (1))
I

No treatment

required as
pervious found-
ation.

Case 2—The pervious foundation is overlain by an impervious layer which may vary in thickness from a few foet to

2 considerable depth.
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RELATION BETWEEN MANNING

Notation—
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B8 n o nn oo

‘"’ AND EQUIVALENT

ROUGHNESS <k’

BY
* THIRU P. A, ASWATHA}NARAYANA, B.E., M\.E., M.LLA.H.R.

Co-efficient., '

Chezy's co-efficient,
Proportionality factor,
Co-efficient.

Diameter of pipo in feet,

Constant of proportionality.
Friction fuctor.

Accoleration due to gravity ft.[sect.
Equivalent sand roughness.

Linear dimonsion.

Introduction :

Long before the derivation of the Karman.
Prandtl equations of velocity distribution and
resistance, it was_necessary to evaluate the
probable loss of head from empirical relation.
ships which took into consideration only the

effect of boundary roughness.

A complete

list of various formulac is given elsewhere.

Since some of

these are still commonly

used in hydraulic design——particularly in the

case of open channels—and since the

simplicity

of one, the Manuing formula—continues to

warrant its use in  first

approximations.

Then Manning formula is generally written ag

V=

1-486

R st (1)

n .o

in which n is a characteristic of the boundary

material.

The Manning n was developed empiricall
a8 a co-efficient which remained a constant for a
given boundary condition, regardless of a slope
of channel, size of channel or depth of flow.
As a matter of fact, the Reynolds number,
the shape of the channel, and the relative
roughness have an influence on the magnitude

of Manning n.

Furthermore, for g given

-alluvial bed of an open channcl, the sizo, the
-pattern, and the spacing of the duneg vary
“with slope, discharge, channel shape, ang

18

* Associate Lecturer, Doparument of Asronauticg and Applied h’m
1C3, 1.1,

= Manning cosefficient of roughness,
= Hydraulic radius in feet,

Radius in feot,

Slope of energy gradient,

Moan W¥locity of fluid in feet per second.
Friction velocity,

Depth in feot.
Exponent of hydraulic radivs R
Exponent of slope 8,

o<

charafcter of bed material, 8o that n algo varies.
Despite the shortcomings of Manning rough-
ness co-efficient, however, it hag an amazing
utll%ty and is used extensively in Europe,
India, Egypt and U.S. It has also been con.
cluded,? on the basis of various discussions and
comments on the subject, that Manning ‘n’
serves the purpose very well,

Rwpedang wo
By ouoronhoap

The results of systematic testg by Nikuradse
on turbulent flow in smooth an
demonstrate perfectly the ralatio
f the friction factor, R
relative roughness,
similarity of the rough

nship between
eynolds number and
In these testg geometric

; ' ness pattern was obtajned
by fixing a coating of uniform sand grains to the

pipe wall, thus giving an easily measurable
index for the relative roughness, k (size of rough-
ness), k being the diameter of sand grains.
The essential feature of sand roughness is that

many practica] roughnesses,
Siderably smaller.

O ne ave standard of rough-
ness which is fixed, reproducible and represen-

tative (a‘t least approximately) of natural rough-
ness.  The work of Nikuradse hag resulted in a
standard which is fixeq and is representative
of many natural roughnesses, but it has not
been reproducible and does not represent

«» Madras. 36 -
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ately certain natural roughness. _ Despite
:Ig:qlilnadgquate features of the leura(%?e
rons ness, K, however, it is only generally
accepted roughness standard, and until a better
one is developed, it will continue to fill, at least

in part, an important need.

As the use of one geometric variable, k, of
closely packed sand grains, results in a conve-
nient mathematical expression of the res1stanfe
rlationship, it is usual to try to relate tte
Manning n with cquivalent sand roughness or
Nikuradse k. Also the equations relating n
and k may be used effectively for interpreting
n in terms of tangible quantities. For exampl(le,
in the construction of models of open channe;
and rivers, where the relative roughness o
model and prototype are to be equal, the eq}la-
tions are useful in estimating the value of n

required for model.
Relation between (n) and (k).—{a) Strickler®
arrived at the relation as follows :
Comparing the Chezy formula
V=CwvRS L ®
with the Manning formula, the following
relationship results
C= lﬁ'}§§ RS o (3
n .
Keulegan’s equation* for rough channel can be

represented in the form

22 R

Eliminating C from the above two equations,
Manning n may be expressed as

h— (%) RIL . (B)
where ( R ),,6
. . (6)
¢ (%) 219 log (122-F)

i ion indicated that for a

The plot of this equation :ndl(ia eq5 ( ) :
+—, th iation In —
wide range of K’ e vari kR

small. As an approximation, ¢ (—E—) was

467—9—34 .

assumed constant and equal to an average
value on the basis of actual observations made
in Switzerland, Strickler arrived at a formula
which when compared with equation gave an

R .
average value of ¢( E/)10-0342 and thus giving

= (00342 k'® .. (7)

(b) On a similar approach, made on compo-

site roughness for steady non-uniform flow in

open rectangular channel, Lakshmana Rao and
Aswatha Narayana® gave the relation as

n =0 035} ke .. (8)

(c) Advani® derived the relation in the

following way. Relating Manning formula and

friction velocity V,

V _ 1486 R*® St w1

e — v LN 9
\'A n v g RS )
1-486 ¢ R \V¢ ko ’
EREE - w

Also .
V_Ca/RS_ C .y

Vi AR aTg
Comparing Darcy and Weisbach formula which
is given as ¢ e

= = oo .. 2
, B 4R 2g (12)
and Chezy formula results

8g
c_.,\/ : (13)
Hence

V /8g :

Vf == N/ fg’M _}: .. (14)

As g_ = ,\/ .2. and f, the friction coefficient, .
f

is dimensionless and depends on %:L for rough .

turbulent flow, it is reasoned that v

'\T! 18 alsy
dimensionless and depends on %{i
Therefore, n o< k!¢ 3 (15
Vv 8 Ry /s
Also g = T“(E) o (18)
19
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Therefore -lf oc (%)Hs
or %= G (Ié)ll3 . 7

Comparing this equation with Prandtl’s equa.
tion for rough turbulent flow,
i‘— =174 + 2 logw .% ve (18)

C, was found equal to 8625 for values of

R > 4.0,

£ !
143

Thus ¢ = 8625 (% o (19)

V _ /8 _qugr (B}
oo w=AF"= 8307 E) (20)
A% 1-486 ¢ R\/¢k'™® - 9
giving the result n = 03315 k' (22)

(d) Go:inda Rao and Rajaratnarr  appro-
cahed the problem in another way. Relating
Manning formula and friction velocity

i

Vg gey L (9
Ve n SRRVAPTON
R 173 .
= 4(%) )
where A = 230 1. joue S (24)
Vg
For infinitely wide channel R=y
VYV _ y 1) .
v‘r-‘- (E) .. (25)

Keulegan's formula* for an infinitely wide
rough channel is

v . : o ¥
V,=60+5751°°(k) (26)

Relating the above two equations
- yi_ A y )1/6 (27)
ﬁ'0+515]og(k)— (1-{

“For values of {- from 15 to 500, an average

value of 80 for A was found out. From this,

it was shown n =002 4K" .. (28)

20

(e) Ackers® arrived at the relation in the

ollowing way. Writing the resistance equa-
tion in the general form

V=0 R« g° 9)

where C! is a co-efficient and o< and 8 are
exponents of R and S,

In the zone of complete development of
rough turbulence, the friction factor ceases
to be influenced by viscosity so that f becomes

a function of relative roughnp i
iy b X ghness only. This
8g R
= Ri1-2a Q1-28 __
o R S =9¢ (f) (39)
For this to be single valued, the slo

. . ) © t
be eliminated from the left side beoalgse (I)Iil'uiis
Don-occurrence on the right side, ie., 8=}

Tor the term on the left to depend on the ratio

2
1
0 5z must be related to k to make the expo-

nents proportionate on both sj
equation, thus ides of the
v
= X117
8z k1o .. (31)
Introducing a
constant, F

Cl = Fgllz ku2-ec

dimensionless Proportionality

. (32)
nserting g = L the . .
equation then éecomes generalised empirical

C = 2 __Fg ki/zn x Ro QU
VR Rz Sk

R~y

—_ 2

e (2) =
where 7 = e 1 (34)
For +=1/6 the equation beco

mes comparable

to that of Manning Strickler with co-efficient F

equal to 841. Therefore
C = 841 g‘/z‘(R\)m

k

(35)
Substituting this in Cheg

comparing with Manning y formula and then |

formu]a, results
n = 03116 kve N (36)
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(f)Rouse’ arrived at the relation in the
following way :

1-49
From Eq. 3 modified as C= = RYS and

Eq. 13, we get
1 149 R” .. (37
AV Asg B )
As n varies only with the boundary roush-
n::‘ss;l the factor 149 must have the dimension
of \’/g— Therefore, since the hydraulic radius
R is a linear factor, it foll?ws that n must

i )
have the dimension L', B-ﬂ- then representing

a ratio of two lengths s'milar to the relative
roughness. Since both roughness ratios are
now related to f the Manning param- ter
B® 5 expressed in terms of the parameter
n

Lo 2B 4 in Fig. 1. Were the empirical
k k . .

formu'a of Manning compatible with the more
nearly correct relatioaship of Eq. 18,
the curve in Fig. 1 would be a

straight line havingz the slops 6:1— the

10,000 T
 Menning /
==049 R % l.C.
" Vag 518 ///
1000 vz
. B

o _2R //
KTE | sepebity

V4

40
40 50 60 70 80 90100
Rg
f

/

actual deviation of the curve from this line
being an error involved in Eq. 1. Hence
Manning formula is dependable for intermediate
values of relative roughness.

10 Y >
5 ]
01 ,,f
k /7
4 t D01 !
III . S0 s,
A/
0001 1L
/
0-0001
0,008 .00 0,01 003 0,04

n._.
(£ £%)

(9) Rouse and Howe!® proceeded in the
following way. If both Eq. 3 and Eq. 18
correctly indicated the effect of roughness
upon the boundary resistance, a plot of log
k against log n would have a 6—1 slope.
This is approximately true, as seen from Fig. 2
which has been plotted with the help of Eq. 3,
Eq. 18 and Moody’s diagram. Manning formula
deviates appreciably from the Karman—
Prandtl equation as the roughness magnitude
becomes either very large or very small.

(h) Daugherty and Ingersoil arrived at
the relation in the following way : Writing Eq. 18
as

D
IR S LY
VA gmk

=210g(14-3%) e (39)

Comparing Eq. 37 and Eq. 39, the desired
relationship_is  represented in  graphical
form as in Fig. 3.

Powell” found that Eq. 39 did not £t
experimental data taken by himself and others,
He proposed an equation which reduced to the
form of Eq. 39 is shown in Fig. 3, plotted as a
dashed line for a value of R=0-2,

21



20 THE NEW IRRIGATION ERA
1400 I.I.Sc., Ba,nga,-
&7 lor- 1965
\0 \-0
y / o ¥ raulics, McGraw
25 —Hill Book Co.,
yoi Inc., New York,
0:10 7 206, 136, 205
//4 (1959).
K.t '
i 4. Keulegan, G. H. “ Laws of turbulent
| flow
s o1 ! mn 0
0 ) (/ LABER/ 1 ch-‘smnels”Jounggj1
*4 & g 7 National Bureay
r‘j- :z"'.g 8 5._) of Standards
_____ PPTA 1. ﬁe;earch paper
———-—-’vﬁ; F 1, 21, 707—
. & 741 (December
:}_ Loy, (56 ) 1938).
Ao {Q1rar” Lot fovar)

Conclusion—

From the above studies which include™ 5
relations between n and k expressed in
mathematical fashion and 3 graphical relations,
one salient feature is at once apparent. A
threefold increase in n (as between the probable
value of 0-01 to 0-03) represents something
between a hundred and thousandfold increase
in k. That is why the value of k can be in
error by 100 per cent or so without causing an
error of n.ore ttan a few per cent in velocity
or rate of discharge.
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APPLICATION OF CRITICAL PATH,METHOD
CONSTRUCTION OF BUILDINGS N PUB\_\CS\)VNOE%

While inviting tenders for the construction of
buildings, the Department stipulates the pro-
gramme of construction in terms of the percent.-
age of the contract amount and the different
periods of contract. The same percentage of
contract and the periods of contract are entered
in the agreement and the contractor

adhere to the programme.

Bar Chart.—In actual execution, to ke
conrtol on the programming and plannin e A
different ite(rlns Olf dwork involved in the C%nz
truction, a detailed programme ig -,
the bar chart. In tge E1%)&11‘ chart,. ?}feepﬁszs Or} ﬁlrhidc%es not indicate
work with their quantities and the periods who
they should be started and completed are sho en
The progress made in each period is noted un\(;n, o
the programme for each item. From the ber
chart, it mey benoted if the progress is mad ar
This is the ¢ as

programming building

per the programme.
generally accepted for
works.

A Typrcar Bar CHART IS GIVEN BELowW and in U

DEPARTMENT,

‘ BY
*Tomu P. S. NAGENDRIAH, B.E., AM.LE

because it d
) oes . .
ships and ¢ 10t show the sequential relation-

. he mn .
tems of work, verdependence of  various

should

Methods g gramming on Critical Path
mothod oes not have the above disadvantages-

Critical Pyt
Methods

truction

h Methods T .

‘ere —The Critical Path
rngi' Introduced in the building cons-
K 1;3;13 ltr;lhthe U.S.A. in the year 196
Path Method conel¢ Jear 1962, The Critical

St

No. Item of work.

1 Foundation and basec.
meaqt.

2 Shell in Ground Flgor,

3 Shell in First Floor.

4 Fini hing iterrs  in
Ground Floor.

5 Finishing iterns in Firgt
Flocr.

30 l30

vVOrk involved ?I}Slsts Of representl‘ng an itemS o
diagram or net;n the construction in Schematio
Work. The Schematic diagra™®

relation of depicts tho sequence and inter-

tion, isag the items of work in the construc-
the di ﬁ‘erentm?thematwal method of planning'
required o o \eMS of work, If the ti®

7 eXecute each item of work is knowns

the minj R
buildin“gng::lmbemmi’ required to complete ‘the,
Path of the net »iva(;:)? lated through the Critical

Pr IGTUWIMME in days.
“““\
30 ' 30

T

t Bty WOI‘k or

The bar chart appears to be
stand and to interpret but tj

o SN,

Simple to undep.

e easi ,
Work between grogns uf o, the simple neb
18 ig mis}eading

to groups of items of work and then
jicorporate the details. To draw the neb

24

w o1
ork, the building should be broken down in
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different items of work called * activity ”’ and
this can be taken from the abstract of the
estimate or the tender schedule of the work.

In the building construction, the items of
work such as earth work, concreting foundations,
masonry in foundation and basement, damp
proof course and filling in basement may be
grouped in one activity called ‘Foundation and
Baserpent’. The masonry in Ground Floor,
linicls, sun shades, laying concrete for floor
slabs and beams may be grouped in one activity
called ‘Shell in Ground Floor’. Similar items in
First Floor may be grouped in one activity
called ‘Shell in First Floor’. Fin}shlng items
such as laying concrete for the flooring, finishing
plastering, fixing doors and windows, and
painting may be grouped in one actlylty pal_led
‘Finishing items in Ground Floor’. Similar
items of work in First Floor may be grouped in
one activity called ‘Finishing items in First
Floor’. The construction of a building with
two floors can be broken down in the above

gimple activities.

The table below shows the break-down of
a two floor building in different activities and
the time required to complete each activity in the
number of days.

Alphabes Time requsred
represen- sn days o
Activsty. ting the complete the
activity. activity.
(h (2) 3
1. Foundation and basement A 20
3. Shell in Ground Floor B 30
3. Shell in First Floor C 30
4. Finishing items in Ground
Floor . . D 20
5. Finishing iteras in First
Floor .. .. E 20

In the net work, each activity will be represented
by an alphabet. In the above tables, A, B, C,
D and E represent the activities.

Drawing of net work.—It may be programmed
to take up one activity, complete that activity
and then take up the next activity. In the
above, it may be programmed to complete the
foundations and basement before taking up
shell in Ground Floor and similarly for other

467—9—4

items. In this case the net work will be as
follows :—

A 5 < b [

Stort

The net work shows that activity A should
precede activity B, activity B should precede
activity C, activity C should precede activity D
and so on for other activities. The activity is
represented by a separate line or arrow. The
length of the arrow has no significance. It is
convenient to have the horizontal projection of
the arrows moving from left to right. The
beginning activity should be drawn at the left
end of the sheet and the arrows representing
the activities should be positioned relative
to one another and the net work should be
built up progressively until the completin

activity is reached. In the net work, the eng
of an activity is called an cvent and the events

are shown by numerical number at
the activities. the end of

_ Tume required to complete the building.—
time required to complete the buildinggézanT{;IZ
determined from the net work if the duration of
each activity, that is, the time (days or weeks)
required for the completion of each activity is
known. In the above case, the time requied
to complete each activity is shown in the table
In the net work the duration of the activity ig
entered as a number below the arrow Wiil:
the description of the activity is written as
alphabet above the arrow. o

A Y

O 070302 0 -t 5
20 1o 30 O : 9

Stort e 20
Gty
Proceeding through the ev i
ents ical
order,. from. the start, simple a(lilcliig;llll mgrlca.]
duration will give the ea o the

: rliest i i
at which all the activities enterigzssf:l?ie etlme.
can be completed. This is the earliest ﬁ‘rrlfi}:é

time (EFT) for the event,

each event is recorded in the lgi‘{lesidleaFt}: o

Oval Tlme_ Box adjacent to that % ohe

After proceeding the net work, the EFTevent.

last event is derived. is is the o ihe

possible time in which the building g:;llegt
e
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completed. This is the sum of the durations
of the longest time path through the net work from
start to finish. In the above case, the earliest
finishing time KEFT of event No. 1 is 20 days;
No. 2 is 50 days; No. 3 is 80 days; No. 4 is
100 days and No. 5 is 120 days.

To speed up construction, it will be logical to
programme the finishing in Ground Floor
(activity D) simultaneously with the shell .n
First Floor (activity C). That is the activities
and D can be concurrent. In this case, net
work will be as follows :

A » B = 4

[ — D —— ~—®

i Faish
In the net work, the concurrent activities are
represented separately connected with a dummy
arrow for unique identification of the event
and to note the numbers in the *“ timing box”
separately. The dummy arrow has zero
duration. Hence the net work should be
drawn as follows :—

:

A » ¢ Y € .
@’"""—“; <:>‘_"—'; — ey 7 D
o ) >0 2
S - e —

ool [ l)";-,-:) ¢ .zrc,u )

By programming the activitics C and D
concurrently it may be seen that the earliest
finish time (EFT) is reduced to 100 days. For
the event 3, the end of activity D, these are
two timings 70/80 in the time box. 70 s
the earliest finish time (EFT) and 80 is the
latest finish time (LFT) which is obtained
working backwards by deducting the duration
from the event 4.

The diffcrence between EFT and LFT is
the leeway available for delays and is called
foat. For some events, the same ﬁ.gur'e may
appear in both sides of the box, indicating
the same time for the latest finish time and
the earliest finish time. In these cases  there
will be no float at all. These are the critical

ents that must be completed on the schedule
?iY the building is to be finished in the mini-
;num total time. The path joining these critical

. r the
.events 18 t fo
net work.

6

herefore the critical path

Ezxample :—

The a
in the

H
below.

The followin

Serial number and Particulars.

1 Earthwork
2 Concrete in Foundation

3 Brickwork in Foundation
basement.

4 R.C.C. Column footings

5 Damp proof course .
6 Filling with excavated earth
7 Brickwork in Ground Floor

8 Brickwork in First Floor

0 {L@ntels in Ground Floor
Lintels in First Floor

10 Tee or Ell beams in G.F.
Tee or Ell beams in F.F.

11_fR.C. beam in G.F.
L R.C. beam in F.F,

12_fBed blocks G.F.
\ Bed blocks ¥.F.

13 R.C. Columns G.F.
R.C. Columns I\ T,

14 Doors

15 Windows

16 Ventilators

17 Louvers

18 Jali ..
19 Weld mesh screen

20 Flooring concrete

Plastering G.F.
21< Plastering F.F,

Plastering S.F.
22 Roof slab
23 Weathering course
24 Floor slab

Painting G.F.
Painting F.F.

26 Partition walls G.F.
\ Partition walls F.F,

25

pplication of the critical path method
programme of the construction of a
ostel building for 102 students is indicated

g particulars are ext
the abstract of the estimate :— extracted from

Quantity.

33,000 c.ft_

6,600 c.ft
15,500 c.ft

475 ¢.fs.
2,150 s.ft.
28,300 c.ft.
15,200 c.ft.
10,300 c.ft.

400 c.ft.
242 cﬁ.

721 c.ft.
501 c.ft,

612 c.ft.
449 cﬁ.

22 c.ft.

16 c.ft..

722 c.ft.
228 c.ft.

100 nos.
163 nos.

10 nos.

33 nos.
328 s.ft.
1,640 s.ft.
16,100 s.ft.

33,660 s.ft,
15,400 8-ft.
8,150 s.ft.

16,710 s.fz.
16,710 .11,
18,600 s.ft,

7)750 S.ft.
4,600 s ft.

4,420 s fr.
1,520 8.ft.

APPLICATION OF CRITICAL PATH METHODS 25

Serial number and Puarticulars.

airs
‘n water pipes

\ e
tv Canopy .
31 Electrical installation
39 Providing built in cupboards
33 Tixing cooking range
34 Fixing shelves
35 Fixing collapsible gates
36 Providing Mosaic .
37 Expansion and Vertical Tower

38 Pavement Drains

The abstract of
the break down of
activities. From this,
gshowing the sequence of ac
duration is tabulated below—

Serial number and description of activity.

O]

1 Barthwork

9 Foundation concrete
% Column footings

4 Brickwork

5 Damp proof course
6 Filling in basement
7 Brick work in Groun
8 Lintnls canopy, gsunshades
9 Drck work above Lintels
10 R.C. beams, slabs

11 Brick work in ~ ;
12 Lintels, Sunshades In First Floor

13 Brick work above Lintels in F.F.
14 Columns in First Floor .

15 R.C beams and Slabs
d Floor

16 Plastering in Groun:
17 Flooring concrete
18 Partition Walls

19 Floor finish

90 Fixing Doors,
lation, ete.

91 TFixing Weld mesh screen
21 Weathering Course

23 Pavement Drain .

24 Fixing Rain water pipes
95 Expansion Joints

96 Partition Walls

d Floor upto Lintels

First Floor up to Lintels

Windows, Louvers, Venti-

Quantity.

L. S.
L- S'

=
»n

RmRNNND NN

FEPRPEREE D

the estimate is treated as
f the building in different
the construction logic
tivities with their

Alphabet Duration

representing

the activsty.
2)

NKKREg<d HRRWORWOZRIREameEBDOW >

in
days

(3)
20
10
2
24
4

2
24
12
8
40
16
10
(]
4
40
20
14
6
16
16

-
LB S~ I W)

Alphabet Duration
representing  in
the activicy. days.

M @ 3)

Serial nember and desoription of aciivity.

27 Fixing Doors and windows, Louvers Al —_
Ventilation in First floor.
28 Plastering in First Floor - .. Bl 10
29 Finishing Floor in F.F. .. .. Cl 6
30 Fixing weld mesh screen in First floor .. D1 4
31 Electrical installation .. .. .. El 30
32 Fixing collapsible gates .. .. Gl 4
33 Cup-boards, shelves, cooking ran . F1 14
34 Painting and polishing .. .. .. H1 8

The net work is drawn for the above activity

and it is determined from the net work that
the total minimum time required to complete
the building is 290 days. The critical path
joining the critical events is shown in thick
line.

It is assumed in drawing the net work that
all the materials, labour, doors, windows, jali
required for the work are available. If
there is difficulty in the availability of the above
items, it will increase the duration of the
corresponding activity and the sequence of
the activity. In developing the net work,
it is usual to assume that all materials and
labour are available and then to alter the
net work to suit the limitations.

Points to be observed in drawing the net work:—

The first step in the preparation of the net
work is to divide the building into different
activities. The activities are arranged by
listing them in columns with their duration.
The specific ordering of the activities should
be done in conformity with the construction
logic which can be decided by an answer to
the three simple questions:

(1) What activity must be completed before
the activity being considered can begin ?

(2) What activities can proceed simulta-
neously with this activity ?

(3) What activities cannot start until this
activity is completed ? .

The questions will decide the relative position
of the activity in the net work.

It is easier to start with rough net work

incorporating finer details. essively than
to attempt a detaile
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While developing the net work, the following
principles should be followed :

(1) The order of numbering is such that
the number at the head of the arrow is always
greater than the number at the tail.

(2) Each node should represent correctly
the complete relation between all activities
entering and leaving.

(3) All activities entering a node should
have identical followers and all activities leaving
a node should have identical predecessors.

(4) Overlapping operations are prohibited.
If they occur, they must be broken down into
two or more activities representing these portions

of the operation to be completed before later
portions are commenced.

Suggestion—

For adopting the programming of building
work on the Critical Path Methods it is suggested
that a sheet may be attached to the tender
schedule containing a tabular column showing
¢ the activities ’ (different items of work) and
a column to indicate the duration of the

28

activity. The rough net work can also be
drawn up on the sheet. The tenderer, con-
sidering his resources, control over labour
and facilities, can be asked to fill in the duration
of each activity required by him to complete it.
The department on receipt of the tenders,
can fill in the time box of the net work with
the duration submitted by the tender, determine
the CriticalPath and compute the total minimum
time required to complete the building. This
will be more rational and binding on the

tenderer than the existing practice, chalked
out without any basic data.

Reference :—

(1) Critical path Methods in Construction

Practice—James M. Antill and Ronald W.
Wood Head.

(2) The Critical Path method of Program-

ming Civil Engineering Works—P.D. Arthur
(Indian  Concrete Journal—October 1966).

(3) The application of the Critical path
method in construction management.—YV, .

Gokhale (Indian Concrete Journal—November-
1966).
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NEWS FROM ABROAD.

HIGHEST CHIMNEY IN THE OFFING.

Appalachian Power Co. last week broke

ound for its $200-million, 1-6 million-kw
gjtchell power plant at Moundsville, W.Va.,
and announced that it will have a 1,200 ft.
high concrete chimney, setting a world record.
The tallest so far are two 1,000 footers to be
built for the Conemaugh plant in Pennsylvania
(ENR 1/19 p. 21).

Mitchell’s boilers will consume 4'4 million
tons of coal annually to provide steam for a
pair of 800,00 kw turbine generators. Although
the plant site is on the banks of the Ohio River,
only makeup water will be withdrawn. Cooling
water will recirculate through two 370 ft. high
concrete cooling towers.

The Mitchell plant is one of the largest single
projects in a $1-37 billion, five year expansion
of the American Electric Power Co.’s system,
of which Appalachian Power is a subsidiary.
AEP also is building a $200 million, 765 kv
transmission network.

300 TON MASHER CLEARS
RESERVOIR SITE.

It may look like a World War I Whippet
tank, but this goliath weighs 300 tons and
would make a very thin bale of scrap out of
an old Whippet in short order.

Called a crawler-crusher, the 22 ft. high,
68 ft. long machine is prowling a forest in
central Florida, knocking down cypress trees
up to 6 ft. in diameter, for Gregg, Gibson and
Gregg, Inc., the Leesburg, Fla., contractor
that has a $4 million contract to clear the
reservoir behind Rodman Dam, part of the
Cross-Florida barge canal (ENR 1/27/66 P. 86).

. ,A pair of 270 hp. diesel engines drive the
rig’s IBt;wo 11} ft. wide crawler gtmck(:nva?s it
n;)a,u s down everything in sight, moving ab
: Otl)l $ mph. Although the machine appears

0 be nothing but a huge set of tracks with an

operator’s cab on top, its body ised
ofl _bwo steel tank sectiong ycorgp?gtrgp%ith
zhlp 8 bulkheads and watertight doors, making
t :. n;z,lr'r;m?;; lgggcizleareg amphibious. Except
- ng, dee Tiv
(1188'8 not stop the behemothl,) whichel;;;l,‘aws 7 ft.
in. of water, Grousers, 5 in. high on its tracks
provide propulsion whe NG

D running in water.
Up front, & tubular steel push bar filled with

concrete takes on t i e
contractor claims ltlltieblg' frees initially, The

d cover. B - €
the crusher not melfause of its great weight,

20V only knocks do hin
:)(l)ltt}llztsl;es 1t into the relativel‘;ns:f“;;erg);%ung
when thevelrlest;l;sroli)rlggeﬁﬁg frves will not float
& shallow depression 94 fy, I:Vi ézaves behind

The tow-
called a hulfa"rt bod

house, WhiCh, a,lo .
supply system, m;ﬁe‘:’ll;haﬁhe engine room air

. the superstructure.
ithout fye] op water ballast

weights 204 top A
over-the road t:az:&rctfn szll(;lsassembled f(.)

weighs 306 t, ' .
an hour. °ns and will leve] about 1 acre

o ~EN.R., June 1961.
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ENVITATION TO READERS

Kind aptention of the Fogeers of the Muadras Public Works
Depurtment and  readers of - the journal elsewhere is drawn to the
meagre respomse o repeated requests for contribution of articles to
the journal,

May we onee again cuphisise the twodold objective of the journal,
Viz., to proipote the mterest of engineers and awding their specialised
work by placing before them the muny problems of technical impor-
tance and ways and means of solving them, and sccondly, opportunitics
being scarce for engincers to express their own experience in solving
practical problems of design and cxecution, we wish to add that this
journal has been the only medium of expression for those in the field.
It is earnestly desired that the Engineering fraternity will come forward
in large numbers to utilise this medium  to its best advintage by
offering their valuable contribution.

The scope of the articles to the journal need not be rigorously
confined to the subjects on arrigation alone.  Articles which have a
direct bearing on subjects given below are also welcome;—

(1) Technical aspects of foundation soils and foundatjon
Enpmeering.

(2) Auxtliary works in the ficld of irrigation and other water-
retaining structures and works.

(3) Practical solution to hydraulic problems in canals and
distribution systems with reference to their maintenance.

(4) Problems of soil crosion and conservation and reclama-
tion of land.
(5) Practical siit problems in rivers and reservoirs.
{6) Problems of sanitation and public health and possibilitics
of utilisution of sewagce. ’

(7) Inland watcrways and navigation, fishing schemes and
protection of land against sea crosion, ete.

(8) Problems of drainage in deltaic tracts and entrance of
Tivers into the sea

(9) Run-off studies in catchments and cvaporation studics
in reservoirs.

(10) Al allied subjects.

The Exccutive Engineers of the Madras Public Works Departiment
arc  specially  requested to encourage their Subordinate Officers to
come forward with articles and cnable the journal to flourish and
scrve the common cause of the Fngineers of the State.

FRIXTED BV 1y DIRT rop oF ~TATIONVERY AND PRINTING, L ADKRAY
OGN BERIALE o0 THLE COUVITUNMENT QF MADPRAS -~ LY44,
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