TABLE 5

COST OF VARIOQOUS MORTARS PER 100 CFT
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The cost of various mortars
given in Table 5 is based
on above quantities of sand
from which volume of ce-
menting material is calcu-

lated on the ratio speci-
fied.

Tbe basic price of ingre-
dients upto site of work
has been taken as follows

in determining costs given
in Table 5:-

Cement =Rs .55/~ per bag
or Rs.44/- per cft.
=Rs5.26/~ per 40
kgs.
Lime
Yield of
putty =2.6 eft. -pek
40 kgs.
Putty =Rs.1l1/- per cft.
Sand =Rs .90/~ per

100 kgs.

It will be seen that lime
mortars are cheapest while
cement mortars adopted in
buildings, are more expen-
sive than almost all ce-
ment-lime mortars (expect
1:1:6) and both the lime
mortars. If lime mortar
(1:2) is used instead of
cement mortar (1:60)in mas-
onry walls, the saving in
100 cft. mortar will bhe
about Bs.272 i.e. Rs.0.75
per cft of masonry: work.
In other workds, it will
mean a saving of  about
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Rs. 2.0 per .sft. of plinth
area. On the other hand, if
lime mortar (l:3) is used,
as will be reguired in
buildings such as Basic
Health Units, primary and
middle schools and resi-

dential buildings, the sav-

ing in terms of money will

be significant when compar-
aed to cement (l:6) mortar.

It will be possible to save

Rs.4.0 ‘pex ofFL. @f mdrtar

which when transformed in-

to masonry, will vield a

saving of over Rs.3.0 per

sft of plinth area.

Cement mortars are the only
plasters used in buildings
in Pakistan. The usual mix
adopted is 1:5, while some
authorities Jindulgeé in
prescribing richer mixes
more out of lack of o=
fidence than requirements
of a particula¥ situation.

The basic gualities re-
quired of a plaster are
that it should have high
surface hardness, good
workability unde: trowel:

low shrinkage and good pond
with the surface on which
it is applied. Lime plas-
ters possess almost all
these qualities but these
have slowly gone out of
use due toour lethargy and
lack of knowledge.The BRS
Lahore had : e
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with different plasters in

1965 and found that even
the lean . cement or
cement-lime mixes were

pretty durable under ax-
posed tests. But lime mor-
tar (1:2) mixed with 1 1b.
of chopped hessian per cft
of lime, gave a very work-
able mortar which was
liked by the masons im-
mensely. This mortar  was
used in internal plasters
of experimental rooms and
gave satisfactory results.
The addition of hessian
provides an extra safety
reinforcement to arrestany
cracking tendency. Hessian
rope or bag is chopped in-
to small pieces and g
tened in water for a day
before mixing in lime putty
for maturing.Assuming the
present day rates of hes-
sian as Rs.2 per 1b., an
additional expense of Rs. 86
per 100 cft of lime mortar
will be involved. The cost
of 100 cft of such a plas-
ter on the analysis given
in Table 5 comes to Rs.637
as compared to Rs.873 for
1:5 cement mortar. If this
mortar is used in place of
usual 1:5 cement-sand mor-
tars, a saving of Rs. 2.36
per cft. of mortar will be
available which when trans-
formed to plinth area rate,
will give a saving of over
Rs.0.30 per sft. The sav-
ing may appear to be in-
significant but the real

point is that if the same
purpose is served by an
economical technique, %

must be adopted as cumula-
tive effect of wasteful
practices in abuilding has
a large financial impact on
national scale because of
repetitive nature of buil-
ding practices. The only
drawback in lime sand hes-
sian mortar is that it takes
long to dry but then it
does not need water curing-
A better alternative may
be to use 1l:2:9 cement lime
sand plaster.

FOUNDATION CONCRETE

The conventional specifi-
cation of the PWD requires
foundation bed to be laid
in 1:6:12 lean cement c¢oen-
crete. The real purpose of
the concrete bed is todis-
perse the footing load over
larger area which purpose
could be served egquallywell
by compacted dryballast or
ballast mixed with sand as
is done for the road pave-
ments. But if bed concrete
is to be used, it will be
better to use 1:2:4 lime-
sand-ballast mix as recom-
mended by Indian Research.
The cost of such a lime
concrete works out to Rs.458
per 100 cft as compared to
Rs.612 for 1l:6: 12 cement



concrete, assuming cost pf
bhallast as Rs.2 per cftand
othey materials as: ‘given
at page 1l6. The switch over
to lime concretewould mean

a saving of about Rs. 1.50
per sft. plinth area, 5 o
may be noted that Lo Pl ™

lime sand ball==s+ concrete
will be strorger than 1:6:12
cement. concrete. because
the former contains more
cementing material enouch
to coat coarse aggregates
for adequate bond. The
only snadg is that lime con-
crete cannot be used under
damp conditions. However,
for such situationlzl:6:12
cement lime sand ballast
is suggested instead of
X % Al B cement concrete
because the former is es-
timated to cost Rs. 1.30
per cft less than the la-
tter.

POINTING

The pointing of masonry is
important as it prevents
disintegration of masonry
mortar due to atmospheric
effects. For this [reason;
strong mortars are usually
used in pointing but the
current. practice of wusing
1 : 2 cement sand mortars

is perhaps wasteful. The
BRS London vide its Digest
Mo.72 recommends adoption
1 : 2 : 7 cement lime sand
morkar f£or most of the
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works.For sevére€ exposures,
the mortar recommended for
pointing is dLeleh5: The ygse
of strong mortar with weak

bricks,
" Pakistan, invites a riskof
salts {In bricks)

such as we hawve in

crystal -

lising under the surfaceof
bricks rather than on mor-

"tar joints and thus

caus-

ing spalling of bricks.

PRACTICAL HINTS

i)

2]

fid]

iwv)

Lime putty can be used. for
a week or two if it is
prevented from drying;

Longer the curing time
of putty in the tank,

the better its guali-

Ty

The overburnt and un-
derburnt lime slakes
rather slowly and if
allowed to remain in
putty, will expandaf-
ter setting, causing
popping or pitting in
plasters and cracksin
masonry. These injur-
ious constituents are
reduced by extensive
maturing of putty and
removed by screening;

Damp sand facilitates
thorough mixing with
lime putty and pre-
vents formationof no-
dules if dry sand 1is
mixed with putty:



v) Whereas cement masonry
gives higher strength
when damp bricks are
used and masonry is
cured afterwards, the
masonry in lime mortar
does not have either to
be laid with very damp
bricks or cured SO
thoroughly; g

vi) Lime mortar may be av-

oided in masonry below
dpc where cement lime
(1:2:9) mortar is. re-
commended. This will
- reduce the cement ‘de-
mand by about 33%

from masonry in F&P;

vii) Use of lime, either as
mortar or-plaster, is
to be -avoided during
frosty wihters or in
areas subijected to
frosts.

viii)If dry hydrate is used
in " mortars instead of
putty, the volume of
hydrate must be in-
creased upto 1% times
that of putty.

CONCLUSIONS
The overall effect of us-
ing lime in masonry  mor-

tars, internal plastersand
foundation concrete in fi-
nancial terms, would give
a saving of about Rs. 4.80
par sft. of plinth area.
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But the real saving will be
in terms of cement which
presently is a scarce com-
modity in the country. It
is estimated that if cement
is eliminated (or reduced)
from some elements of bui-
lding such as : foundatioen
concrete, mascnry above dnc
internal plasters
pointing etc. the demand ..
cement will reduce by at
least 25% from the building
activity and that toowith-
out any loss of efficiency.
The economy and saving in
cement is well worth ex-
ploiting in construction
of all ‘public buildings to
set a healthy example for
the Private sector fo fol-
low. Needless to add that
whatever has been suagested
above, is being used suc-
cessfully in other countr-
ies for the last many de-
cades and no risk, whatso-
ever is inwolved.

-u-l..l..l.\-.
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‘NEED FOR NUCLEAR POWER AND-

THF. ROLE

OF

ENGINEERS

Address delivered by Lr. Munir

Ahmad Khan Chairman Pakistan
Atomic Energy Commission at the
Mid term session of Pakistan
Engineering Congress, Lahore
on 5. 9. 1979.

INTRODUCTION.

It is indeced a very dgreat
honour for me to have been
invitew to this

which,

Congress

as the Secretary has

pointed out is the oldest
and highly respected Engi-
neering Society in the

country. You know better

than any one else what 1is
the justification and
rationale for Pakistan's
nuclear power programme
and why Pakistan is pursu-
ing it despite opposition
from several gquarters.

At the " very outset . L
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would like to emphasis that
Pakistan's nuclear power
programme has been stepped
up and is being vigorously
of

prestige or domestic polit-

pursued not because
ical reasons. The program-

me has been devised only

and largely by keeping the
over all national reguirem-
ents of development in

view. It is not a short
term programme but represe-
nts a long term commitment
to meet our energy and fuel
few

nceds for the next

decades.



‘IMPORTANCE OF ENERGY.

For the development of a
country it is essential to
provide inputs of energy,
capital, management know-

how and skills.

It is now an
fact that the percapita
consumption of electrici-
t¥ an any country is one
of the reliable indices of
growth and development in
the: countrye Ta illustra-
make a

the

te this one may
comparison between
advanced countries and the
with
regard to energy consump-
In USA,

developing nations
tiGh. an average
citizen consumes about

10, 000 units of electri-

city per vear. In the
other advanced countries
of West Europe, this con-

sumption is between 6000-
3000 Ewh/capita.The world
average 1s about 1600 units

per caplita per year and

established

hL

even in the poorer nations

of Asia the average is more

than 300 units per year.
This is in sharp contrast
with regard to Pakistan

where the average consump-
tion of elecktricity has
risen only recently to ba-
rely 160 units per person
from a mere 10 Ewh/capita/
year at the time of indep-

endence in 1947,

Not only that,but even our
known fossil fuel reserves
are also extremely limited
and inadequate to meet our
demands. Despite latest
discoveries of oll and gas
at Dhodak and Pir Koh ( 'in
Baluchistan ) our total
known fossil fuel reserves
of coal, oil and gas are soO
limited that they.corrcsp*
ond to about 1/40th of the
world average per head and
are equivalent to only 15
tons of coal per head. How
meagre this amount is can

be judged from the fact that



1t corresponds to average
consumption per capita in
the United States in just
over one year. This means
that our nation has a
total reserve per citizen
which would suffice Eor
only one year for an ave-

rage American.

Cur planners have estima-
ted that the per capita

consumption of energy in

Pakistan will increase
four fold by the end 5EE
this century. Over the

same period our electric-
ity consumption would grow
the

even faster, from

present 160 Kwh/capita to

700 Kwh/capita. It may be
noted that during this
period the everage world

consumption will increase

to well over 3500 EKwh/
capita

How to meet our growlng
demands? of course we
have to exploit to the
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maximum our hydro potential,
coal, o1l and gas and in
fact whatever energy source

we can harnessexpeditiously.

CONVENTTONAL ENERGY RESOURCES.

Cur conventional energy
resources are however,very
limited. Hydro power is
our major resource at the

moment but it has constra-

ints both due to the total
amounts available and the
rate and location at which
1t can-he exploited: Most

of the hydro resources are
concentrated in the north
and require high transmis-
sion costs to utilize the
power generated at the load
centres. As the most fav-
ourable sites have been
exploited the cost of con-
structing dams at new loc-
ations, most of which are
in seismic region, is bec-

oming very high. Neverthe-



less from technological
and economic points of
view we can exploit only
about 50% of 20, 000 MW
(theoretical potential)by
the end of this

We are likely to
only about 3200 MW by the
end of 1980 while 6800 MW

of the remaining economic

century.:

exploit

potential is not yet exp-
Thus hydro

provide about 30%

loited. can
of the
installed capacity requi-

rement.

b) Coal; Gas; Cal.

The coal in Pakistan is
not only limited in quan-
tity but most of it is
lignite and thus poor in
quality and.difficialt - to
use for power production.
Our total coal deposits
(proven and probable)amou--
nt tc 483 million tons which
when reduced to good gua-
lity coal correspond to

only 173 million tons.

e

‘This may be compared with

81 billion tons of coal
reserves in 1ndiz.

Contrary to the general
belief Gas reserves in

Pakistan are not very large
and it will continue to
be used for other wvaluable
purposes. Gas is a very
importént raw material and
we need to utilize it in
the manufacture of fexti-
lizers,petrochemicals and
domestic use and -cannot
afford to burn it  merely
for power production.
In fact the optimal econ-
omic use of gas pérticul—
arly when it 1s not avai-
lable in large quantities
does not permit its  use
for power production. Our re-
serves of 26,4 million mil-
lion cubic feet correspo-
nd to 724 million tons of
coal and unless new disc-
overies are made our gas
will be fully committedby

1988.



Last year Pakistan spent

over 500 million dollars

on the import of oil to
meet its domestic requir-
ements of industry and

transportation. This year
the o0il import bill would
be $§ 935 million

represents 43% of

which

our
foreign exchange earnings.
Even after the recent di-

scoveries of oil at Dho-

dak, we will continue to
import over 85% of our
total needs. ©0il import
bill accounts for more
than one third of our
foreign exchange earning
and keeping in view the
trend of increase in o0il
prices and the growing

this bill will go
much higher. Obviously it

demand,

will be an unbearable st-
rain on our economy to
further increase the cost
by

using it for power gener-

of importation of oil
ation on a large scale.

Besides, o0il has several
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other important uses and it
is not optimally economi-
cal to burn it for

That is

even those countries which

power
production. why
have surplus oil reserves
are turning to nuclear en-
ergy to meet their rising
energy demands.The growing
consumption of o0il and its
increasing prices demand
that even 1f we succeed in
striking indigenous reser-
ves of oil we will have to
depend upon other more
economical sources of power

generation.

Inspite of these limitati-
ons of conventional resou-
rces of energy our planners
have earmarked a consider-
able portion of them for
power generation. Qur est-
imates show that even after
allocating a significant
portion of the available gas
and coal for power produc-
tion,

our hydro and other

conventional resources can



not give us more
11,000 MW installed ca-
pacity by the end of this
centﬁry as against

demand of 27,000 MW

that time.

01T

by

Keeping in view this en-
ergy resource picture,Pakis-
tan has no choice but to look
forward to harnessing - nuc-
lear energy for meeting
its power demands.For it
offers the only economi-
cal and practical answer
to our problem of energy
The

shortage. Nuclear

power plants are more
expensive than conventi-
onal. il . firad. plants in
capital cost to start with,
izxut the running (fuel)
cost of the former is much
less than the latter.ﬂur
analysis has proved that
of

clectricity generated by

on the average a Kw

0il fired plants (inclu-

ding running)costs about

R&L. W2y~ pger anie as

than .
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against Rs. 25/- required for
power generated through Nu-

clear plants.

NOUCLELAR POWER.

The Pakistan Atomic Enerqgy
Commission hasprepared itself
for the role it has to play in
meeting energy reguirements
A 137/MW nuclear powefplmﬁ:
at
The plant run and

is already functioning
Kakachi.
maintained entirely by Pak-
istan engineers has offered
us most valuable experience
The Canadian embargo on the
supply of nuclear fuel and
spare parts in Dec'76 star-
ted the beginning of a self

reliant programme in Pakis-

tan which will reduce our
dependence upon others. The
fact that Kanupp has been

run and maintained satisfa-

oherl by by aut engineers

since 19276 despite Canadian

embargo is a testimony to

our determination to be on

our own.



Following KANUPP - another
nuclear power plant is pl-
anned to be set up at Cha-
shma in Mianwali District
in the Punjab. Necessary

this

have

preliminaries for

600 MW power plant
been completed and the ac-
will

begin as soon as the diff-

tual construction
icult financial position
multi

been

Executive

becomes easy. The
million project has
approved by the
National

Follow-
ing Chashnupp, the Commis-

Committee of the
Economic Council.
'sion plan to set up more
nuclear power plants at a

much faster rate.

FUEL CYCLE & REPROCESSING
PLANT.

Now I turn to one of the
cruclal aspects for Pakis-
tan's nuclear power progr-

amme. Why do we need b &

and why have we been singlai-

out for criticism from

.among a large number of co-

untries in this regard. The
central role of a reproces-
sing plant can be understocd
from the following facts. A
power reactor normally burns
1-3% of uranium after which
because of fission products
produced in the fuel, the
reactor loses its  ability
to sustain chain reaction.
The burnt fuel is,therefore
fuel

this

discharged and fresh
added.
discharged fuel provided we

We can reuse

remove the poisonous fission
products and clean up the
uranium and separate pluto-
nium which is produced in
the reactor. A reprocessing
plant is used to perform
this operation. 1Its advan-

tages are:-

i) It.enables one to
recover unburnt ura-
nium which canbe re -
used in new power re-
actors.

ii) It yeilds plutohium



which is known ap-=

propriate fuel for

bresder reactor.
Without plutonium there
can be no efficient bree-
der reactor and without
breeders the full potent-
ial of nuclear power can

not be realised.

The Ccritics bf onr reEpro-

cessing plant want us to
depend upon them for the
eritical supplies of ‘the
reactor fuel. This, how-
ever, 1s not acceptable
to us. We have had a
bitter experience with

Karachi Nuclear Power Pl-
ant when Canada unilater-
ally withdrew from its
contractual obligation
and stopped supplying fuel
fact

for ‘the plantsy  In

the history of Pakistan

is replete with instances .

of broken pledges and
unfulfilled promises. A

power reactor 1s almosgt a
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‘Unfortunately,

billion dollar project :and
cannot be left at the mercy
of others, who may stop fuel
supplies any time .without
any notice and thereby je-
opardize a country's entire
economic development prog-

ramie .

It is because of this cru-
cial role of the reproces-
sing plant that Pakistan is
determined to go ahead with
As the

Pakistan sta-

this projeci.
President of
ted recently, Pakistan 1is
proceeding with its peace-
ful nuclear power programme
and we will be able to co-
mplete our reprocessing
plant even without outside

assistance.

ROLE OF ENGINEERS.

Now I wish to turn briefly
to the role of engineers
in the development of nuc-
lear power in Pakistan.

the impres—



sion in the world is that
access to nuclear technol-
ogy 1s synonymous with
nuclear weapons and devel-
oping country seeking nu-
after

This,

clear technology is
proliferation.

however,is not so and the
misconception in this rEQ;
ard must be corrected. De-
velopment of nuclear power
has nothing or very little

to do with nuclear weapons.

In the early 1940s and 50s
the role of nuclear physi-

cists was very important to

discover and understandthe
phenomenon of fission After
the basic scientific know-
ledge have been attained the
role of technologists and
engineers in the nuclear
field became more predomi-
nant., In fact it were the
engineers who translated
the discovery of fission
into practical nuclear

power. Nuclear technology
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is truly inter-disciplinary
because it covers a large
spectrum of disciplines such
as physics, chemistry, ele-

ctronics, electrical, mech-

anical, chemical, mining,
civil and even geolcogy and
seismology. It requires

mastery over diverse speci-
alizations in apparentlysuch
remotely connected fields as
underground water technology
S0 as to understand how nu-
clear waste products can
migrate and meteorology to
see how these fission prod-
All

major branches of engineer-

ucts will disperse.

ing have a very important
role in nuclear power. In
fact if there is any one

sector where we have a mee-
ting ground of all discipl-

ines and which offers

a
tremendous opportunity for
collaboration it is the

field of nuclear technology.

I therefore, request the

Pakistan EngineerdingCongress



not to abandon the field
of nuclear power to phy-
sicits alone but to pre-
pare its members to play
a'leading part in bring-
ing nuclear power to

Pakistan. The nuclear

prower offers. tremendous
opportunities and chall-
enge to the engineers of
Pakistan.

Mr. President, we also
face some limitation and
constraints in the spre-
af

in

ading development
nuclear technology’
One of the most

The

Pakistan.
serious problem is
growing deterioration of
our educaticonal standar-
ds ahd the peliticizing
of our academic institu-
tions. As someone said
we are becoming a nation
of educated"illiterates”
all

sorts of degrees and d4di-

who can brandish

plomas without the requ-

isite knowledge to back
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~1llusions.

them yp,

This is very dang-

erous trend and givesus false

it is said

that

the gquantum of world's know-

ledge has doubled in the past

25 years and will double again
in the next 10 years. Since
we graduated the world know-
ledge has increased by more
than_£wice. Our recent gra-
duates, therefore, need Lo
know much more than Eheir

predecessors.
however,

tes learn much less and
not equipped to compete

inst the rapidly rising

Unfortunately,

our younger gradua-

are

aga-

sta-

ndards of technical education

in the rest of the world.

We also have the problem

of

quantity of our technical man-

power.

is very limited. A

Our engineering base

great

contribution of this Congress

would be to help reform

the

educational system of engin-

eering institutions

Pakistan so that we can p

in

ro-

duce a much larger number of



high quality graduates. T
believe they can do this
because members of this
Congress are all in resp-
onsible positions and the
authorities will listen
to them. Let us emphasize
that

the educational institut-

upon all concerned

ions .are not edequately
egquipped to meet the cha-
llenge, and this downward
slide in their standard
must be checked if we are
to develop our country and

match the others.

Nuclear energy also requires

a great deal of self dis-
cipline and control to be
handled very carefully

from purely'safety, main-

tenance and engineering
points of view not to
speak of political and
emotional handling. We

must have a certain meas-
ure of self restraint and
cqntrol which we unfortu-

nately lack.
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(ooth fission

‘Looking into the next decade

there is bound to be vet
another revolution in techn-
ology. The next decade will
be the decade of lasers, co-
mputers, electronics and

other sofisticated devices

- which will help do things in

a fraction of time as compa-
red to the present. For
instance, the basic resource
evaluation of a country will
of

Just

be done with the help

satellites scanning in

a few years rather than dec-

ades as at present. Lasers

will help in nuclear energy

and fusion) co-

mmunications irdustry, defe-
nce and in so many other
areas. All these subjects
need to be introduced in

Pakistan. Our younger gene-
ration must be clearly told
that if we do not catch up

with other countries we might
soon lose communication with
the rest of the world because
we will not understand their

language.



'We take great pride in
receiving generous foreign
remittance and are happy
of

our foreign exchange ear-

that a large portion

ning come from these rem-

ittances. We however,

don't realise that for
every one dollar that we
get through foreign remi-
several
of

technicaL brain-drain and

ttance we lose

times, more in terms

loss of production at home.
If we are to help friendly
countries and participate
in their development and
grpwth we shall do it not
of

un-skilled

just through export
skilled and
manpower but through exp-
ort of plant and techﬁal—
ogy .
countries we have relativ--

the

Among tho Muslim
ely more advanced techno-
logy. Our engineers must
come forward and seize this
historical opportunity of

providing technological
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* her

support to the Muslim and
the Third World countries.
Missing this chance might
mean putting our brdtherly
countries at the mercy of
others.

Pakistan also faces the

problem of transfer of adv-
anced technology and our
engineers must wake up to
this problem. The Pakistan
Engineering Congress should
emphasis upon the engineers
of Pakistan to stop dreaming
that they will be

technology through

offered

the
benevolence of advanced co-
untries without any struggle
on their own part. We must
recognise the political pr-

ice atfached to such gifts

~and pause and reflect whet-

we can pay this price.
We engineers must, therefore,

shed our illusions and
resolve to be on our own
" feet and start a vigorous

programme for acquiring and



developing technology in
Pakistan by building ub
necessary iﬁstitutions,
educational and industr-
ial infrastructure for

this purpose.

I also take this opportu-
nity to point out vet
another very disturbing
factor affecting the gro-
wth of technology in the
country. It 1is that we
lack dedication and our
work ethics have degener-
ated. We must arrest this
trend. To survive and
progress as a nation we,
as the educated class,
must develop moral integ-

rity, national pride and

selfless dedication to
the moderanization of
Pakistan.

I thank you.
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THE YELLOW DWARF

By

Khalid Farug

"The SUN,

daily visitor who

our unfailing
brings
light into darkness every
morning and and blazes
its trail across the skies
till i1t sets in the West
plunging the world égain
been

the

the

million

into darkness, has

doing so almost with
same regularity for
last about 5000

years — millions of years

ocfore this self conceited
bi-ped, classified as a
Homo Sapien made 3

honourable appearance on
the surface of the planet
& had the affront to put

his head up and give it a

searching look. By far
the largest and most
brilliant object in the
skies, it has always had
such a profound and

dominating influence
the life on this planet in
all its meanings that

through the ages it has

on
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‘Yellow Dwarf - a huge

been held in awe,
deified and

With the advancement

revered,
worshipped.
of
knowledge science has reco-
gnised this celestial over
lord as an average middle
aged star of the category
ball

of fire with truly stagger-

ing immensity of physical
dimensions - soO immense
that human mind is humbled

in its failure to fully co-
mprehend the real meaning
of their magnitude, The
mere appearance of a few
blisters on the face of the
Sun ( Sun Spots ) spewing
out torrents of high speed
particles, produces vioclent
93

.the

electromagnetic storms
million miles away on

earth ( when magnetic comp-
asses go awry ) affecting
weather and radio cocmmunic-
ations ( sometimes totally
blacking out the latter )

ardd occasionally producing



a fantasy of colours at

the poles ( Aurora ). The
Sun spots may appear to
be mere pock marks but in
actual size may be large
enough to easily cngulf a
handfull of earths. A
periodicity of about 11
years in Sun spot activity
has been identified &
peopla have also attempt-
ed to co-relate the occu-
rence of social revolu-
tions, wars and other up-
heavels on the surface of
this planet with the max-

ima of the periodicity.

Out of the
amount of energy

tremendous
being
poured out in all direct-
ions, the tiny earth (di-
ameter less than one hun-
dredth of the Sun) situated
at a distance of no less
than 9, 29, 00, 000 miles

receives an energy equiv-

alent of 4 (3] ® l(ﬁl‘5
Horse Power per sguare
mile of its area. The
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entire generation capacity
of Electricity in Pakistan
is about 3000 M. W (although
max: generation already
touched is much less) which
is equivalent of 4.02 xlﬂ6

Horse Power i.e. slightly
less than the Sun's energy
received on just -one sguare
the area. At the
the

temperature of above5000°¢

mile of

surface Sun has a

( a temperature at which
almost every thing on this
earth would melt or boil )
producing an overall lumi-

nosity of 3 x 102? candle

power with an intensity of
illumination of 1.5 million
candles/square inch. This
seemingly interminable en-
ergy which the Sun is pour-
5000

million years is the prod-

ing out for the last

uct of a thermo nuclear process
taking place in the inferno
deep in the bowels of the star
where the temperature and
Pressure are an inconceivablke

20, 000, 000°k and 500,000,000



tons per square inch .con-
vérting 4 million tons of
Hydrogen into Helium every
second. At this tremend-
ous pressure and tempera-
ture the process of
conversion of hydrogen
into helium takes 5 mill-
ion years to complete.
Even at this tremendous
rate of self -consumption
there is no fear on the
human scale of the sun
exhausting its energy and
being extinguished. With
its mean diameter of
8, 64, 240 miles contain-
ing about 335,000 Billion
Cubic miles of hot gases
in its mass of 1.958x10%’
tons ( about 2000 quaﬁri—
llion tons ), it is esti-
mated to blaze its

for another 5000

trail
million
years before entering its
destined cycle of extinction
marked by first swelling
to a Red Giant stage (when
baked,

Earth

Mercury will be

Venus fried and

Eoilgd ) In about further
2000 million years;it will
start shrinking again and
ultimately after going
through the ordained death-
throes over a period- of
about 50, 000 million vears
it will have lost all its

glaze, blaze and glory and

. become a black and intense -

ly cold lump, joining the
galaxy of a multitude of
other dead heroes sca-ered
through out the immensity
of fhe space. But that is
not all. The Sun is yet
on ancther joqrney,the end
known.
In addition to its rotation

about its axis in about 17

of which is not

days, it is revolvingalong
with rest of the stars of
the Milky Way, round the

centre of the galaxy(which

- is about 27 to 30 thousand

light years away) at an
orbital speed of 4, 81,000
mph completing its one
225 million

It is also hurtling

revolution in

years.
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through the space along
with the entire HMilky Way
at a reckless speed of
1. 35 million miles per
hour possibly in an extr-
emely large circular or
near circular orbit. &$?mb”
is not known what fate.
awalts the Sun,its faithful
family of satellites (which
will not abandon it ewven
in its death) and the
entire Milky Way at the

end of this mad journev.



SYMPOSIUIT ON THE MECHANICS
OF ALLUVIAL CHANNELS

(June 24,1979 to June 28,1979)

By earlv 1979,the research
under ACOP had been in pro-
gress for over five vears
cut of its stipulated 7
vears through 1980. During
this period, ACOP had com-

pleted over 1400 equilib-
rium experiments covering
the" hydraulic, transpnort

and morphological measure-
ments on different. canals.
In addition, over 400 spe-
cial experiments had been
completed covering subject
areas such as the velo-
city and sediment concen-
tration distribution, dy-
namics of flow in alluvial
channel bends, temporal and
special variations of velo--

city and sediment concen-
tration, sediment conduc---
-tion by ejectors, error
analysis of basic and

derived quantities, etc.In
acddition, ACOP had develo-
ped instruments for field
measurements of veloclity
pulsations, boundary shear
stress, real time sediment
concentration and three
dimensional properties of
bed forms. Some of these
instruments had been suc-
cessfully used in field
research even under trying
condlitions.
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sium in Lahore

These planning, field re-
search, instrument develop-
ment, and data analysis
activities on ACOP provided
an opportunity to share the
experiencs with research
groups and workers in this
subject area and to evalu-
ate the achievements of

this Project. It was pro-°

posed to be achieved thro-
ugh holding of this Sympo-
{Pakistan)
during June, 1979, The main
Ssymposium objectives were
o= :

canal

T T
ACOP )

i) Disseminate the
data obtained by

ii) Present the results of
interir analysis, and

iii) Review the
far and

a. ouggest, additional
experimentation, if
warranted, +to take
the Project to sa-~
tisfactory corclus-
kG55

b. Provide quidelines
for the follow-up
sedentific activis

120 U_J'Bldas



ties to make use of
data base provided
by ACOP.

CONDUCTION

The total Symposium acti-
vity was extended over the
period June 24 - _July 1,
1979. This included pre-—
Symposium (June 24 and 25)
registration, briefing and

field trip to ACOP obser-
vations on QB Link near
Chuharkana: technical pro-
ceedings (June 26 - 29) at
Lahore; and post-Symposium
field trip (June 30~July l)
to Mangla and Tarbela Dam

Projects of WAPDA.

The Symposium was formally

inaugrated on June 26 by
Air Marshal Inam-ul-Hag
Khan HJ, HI (M), Minister

of Water .and Power,Covern-
ment of Pakistan. It was
attended by 180 eminent
engineers/professionals /
scientists from Pakistan
and abroad, its salient
features are brought out
in the following.
To set the stage for the
Symposium, four Keynote
addresses on the state of
art' were presented by
eminent scientists and en-

gineers on the following
topics:-
i) PRole of Regime Concept
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in the Design of Al=-
luvial Channels in the
Indus Basin
ii) Measurement Techniques
in Alluvial Channels
iii) Morphologic Processes
in Alluvial Channels

Stabilization of
luvial Channels.

iv) Al-

Eighteen papers dealing
with data, evaluation re-
sults, instrumentation and
methods of analysis were
presented in the Symposium.

These papers briefly sum-
marized the interim re-
search results obtalined

from ACOP and the associa-
ted work conducted at the
collaborating agency (ini-
tially Colorado State Uni-
versity and now George
HWashington University).The
presentations were made by
Pakistan (ACOP) and US(GU)
groups who had actually
conducted the research and
covered:-

i) Behaviour of Alluvial
Canals
ii) Water and Sediment

Quality

iii) Measurement Procedurcs

iv) Research Planning and

Instrumentation



v) Dynamics- of Sand Bed

Canals

vi) Resistance and Trans-
port Functions in Sand
Bed Channels

In between the technical
sessions were held the pa-
nel discussions to consider
the 'state-of-the-art' re-
garding the mechanics of
alluvial channels,the con-
tributions made by ACOP re-

search, critique of the
work already done and the
direction of future re-

search. There were five
panel discussion sessions,
in keeping with the frame-
work of ACOP research, and
covered: -

i) Overview of Reglime
. Theory Concept

ii) Future needs, methodo-
logy and instrumenta-—
tion in alluvial chan-
nels research

iii)Morphologic, hydraulic
and sediment transport
relations in alluvial
channels '

i1v) Channel sfability and
stabilization of al-
luvial channels

reviow and
direction

v) ACOP -
future

Copies of all addressesand

technical papers were cir-
culated amongst the parti-
cipants, while the full pa-
nel and paper discussions.
recorded. After editing and
incorporation of the rele-
vant discussions, it was

proposed to publish later
on the complete Synmposium
proceedings.

OUTCOHE

Symposium deliberations
proceeded in accordance
with its basic objectives

and resulted in outcome as
highlighted hereinafter.

ACOP DATA

It was recognised thatACOP
data from selected sand
bed canals of Pakistan -
covering discharge range
of 2,000 to 22,000 cfs -
was unique. Its analysis/
evaluation could signifi-
cantly help in advancement
of the scientific know-
ledge, for which purpose:-

i) ACOP. data should be
expeditiously documen-
ted and published (on
yearly basis ( if pos-
sible) and given wide
circulation for dis-
semination by the na-
tional/international re-
search groups and workers
in the subject area.



ii) Further 3- 5 year data

collection might con-
tinue ( though with
curtailed scope) to
provide base line in-

formation for about a
decade; due to very
complex process invol-
ved in river mechanics,

‘creation of that much

data base could help in

better understanding
of the basic pheno-
mena.

INTERIM -ANALYSIS RESULTS

i)

Canal behavioural eva-
luation results did
reflect an improvement
over the previously ad-
opted apnroaches. For
instance :-

a. Gross phenomenclo-
gical behaviour of
Pakistan Link canals
has paved the wav
for improved opera--
tion and maintenan-
ce procedures. This
is evident from
ready acceptance of

ACOP recormenda--
tions by the con-
cerned operating

agencies of Provin-
cial Irrigation De-
partments. ( with
enlarged data base
their efficacy micht
increase further).
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i)

iii)

b. Hydraulic
relations
Station®

geometry

for- YAt
and 'Down-
stream’ locations
derived from ACOP
data are a signifi-
cant step forward
in rationalisation
of the regime equa-

tions. In time to
come, these might
assume the form of

'ACOP Equations'for

design of regime
channels.
Tracer (nascent and
fluorescent coated)

laboratory studies on
bed sediments of Pak-
istan canals have been
interesting. These sh-
ould be persued to de--
termine the cumulative
effect of the changes
in the sediment pPro=-
perties due to dyeing
on the transport rates
so that tracers could
be used as a reliable
vehicle to represent
the behaviour of na-
tural sediment.

Hvdraulic and Sediment
measurement procedures
being followed in ACOP

were compatible  with
those being followed
internationally. In

respect of lab quality
control, the method of
‘check samples' of



iv)

procedure

known concentration/
distribution could be
introduced. USGS had
recently started this
and check
samples of sand / fine
material could be made
available to ACOP.

Strategy adopted by -

ACOP on the desion and
data collection metho-
dology through indivi-
dual goal oriented ex-
periments seemed rea-
sonable. However, the
goals initially set by
ACOP were somewhat am—
bitious (which was not
unusual in research
efforts of this type
and magnitude) without
full cognizance of the
complexity of proces-

ses involved in the
alluvial river mecha-
nics. As such, . ACOP

should try to wrap-up
those special studies
whose interim results
have been presented in
the Symposium.
should be accomplished
through additional da-
ta collection / evalua-

tion efforts within the

remaining or extended
(if feasible) . Project

duration. The other
studies could-be Pper-
sued as a part of the

proposed 'Prototype Re-
search on Rlluvial
Rivers"'.

This .

v)

vi)

In respect of instru-
ment developments,ACOP
Pumping Sampler and Bed
Shear Plate were sig-
nificant. Efforts should
now be concentrated on
improvisation / field
testing of the proposed
'Mul ti-port ACOP Pum-
ping Sampler'. In ad-
dition, ' the Density
Cell unsatisfactory
results for laboratory
measurement of sediment
concentration shouldnot
discourage ACOP in
giving the instrument
a field trial on Pak-
istan canals.

ACOP's interim results
regarding 'Prediction
of Bed Forms and Fric-
tor Factors' if sup--
ported by "additicnal
data could provide a
useful method for re-
lating the bed form
dimensions to the form
resistance.Further, to
improve its utility,
three~dimensions (in-
stead of the two-dime-
nsions used in most of
the work in this sub-~
ject area)- would have
to be considered before
a realistic model for
relating the . form
resistance to the form
dimensions could be
developed.

Vii) Verificationof various



alternative sediment
transport functions
from ACCOP data indica-
ted that Colby and Mo-
dified Colby methods
were the most suited
for computing bed ma-
terial load for given
discharges in the range
of ACOP canals. It was
however, to be recog-
nised that probable
error in sediment
discharge calculations
could be 50 - 100%,
even under most favour~
able circumstances Thus
selection of a par-
ticular alternative be
based on checking cal-
culated sediment dis-
charge against any
observed values of the
channel under consi-
deration or on similar
ones.

ACOP REVIEW & FUTURE
DIRECTION )

Review:

i) Good quality data have

been collected, which
are of universal in-
terest. However, to
make better useof this
data base by another
3 - 5 years with the
scope limited to the

essential minimum.

i1) The data should be ex-

S5l

131)

peditiously documented/
published and givenwi-
de circulation amongst
national/international
research agencies in
the subject area. For
this purpose, the data
management “through com-
puterisation was the
right approach and sh-=
ould be stepped up to
issue the related re-
ports and make them
available to US Nation-
al Technical Informa-
tion Service ( NTIS )
and other interested

agencies for dissemi-
nation.

ACOP has tried to st-
rike a good balance
between the basic
research needs of the
sponsor (US National

Science Foundation )
and applied research
needs of Pakistan.This
is manifest in signi-
ficant-ACOP's contri-
butions, such as:-

Reducing the existing

gap between flume(lab)
and prototype data
with the object of
increasing the under-
standing ot various
process in alluvial
river mechanics.

Improved instrumenta-
tion developments in
respect of sediment



fi

‘0of hydrologic

sampling, bed shear,
water surface slope and
three dimensional bed
form measurements.
Effective technology
transfer between us
and Pakistan groups
through periodic short
term assignments to the
other country of the
professionals,research
associates and graduate
students.

Providing basis for
phenomenological beha-
vioural evaluation of
Pakistan canals to im-
prove the existing ca-
nal design, operation
and maintenance proce-
dures.

Providing an outfit to
Pakistan with highly
dedicated and trained

manpower in the field -

data
collection and evalua-
tion using the latest
techniques. This was a

definite asset to Pa-
kistan in future in--
vestigations on canal

monitoring,navigation-

al and flood control
studies as well as
other water resource

planning, development
and management activi-
tieu.

Showing the way to a
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iv)

successful and effec-
tive cooperative re-—
search effort between

two countries about
10,000 miles apart on
the globe.

There have been some
apparent failures in
the Project which sh-

ould be avoided in fu-
ture. For instance:-

Four wvaluable lives
were lost during field
observations in Pakis-
tan (better provision
of safety egquipment
and implementation of
procedures . warranted) .

Organisational set-up
in Pakistan to handle
the initial assignment,
was apparently being
phased out. Care should
be taken to keep it in

tact through gainful
employment including
financial inducement

commensurate with the
opportunities for pro-
fessional advancement
including -foreign edu-
cation/training.

The organisational - set
up in US was under-es-
timated in keeping with
somewhat ambitious pro-
gramme objectives, the
time limitation and
extent of the Project.
For future, more care-

FIST )



ful planning and im-
plementation in this
respect would be nece-
ssary.

While some robust ins-
truments were impro-
vised/developed by ACOP
for successful field
use, a number of soph-
isticated electronic
and other gadgets mi-
serably failed. Prob-
ably, the main reason
behind this was that
these instruments had
been manufactured for
the ideal laboratory
conditions without much
regard to quite dif-
ferent field conditions
(specially in Pakis-
tan).

Future Direction

i)

To derive full benefit
from the investmental-
ready made, ACOP should
continue for another
2 - 3 years beyond its
present terminal d&ate
of December 1980. The
work scope should,how-
ever, be limited to:-

Reduced data collection
from the under-study
canals to establish

the essential data ba-

se for a period of
about 10 years.
~b. Filling the data gaps
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to refine the interim
research results pre-
sented in the Symposium
including study of
the 3-dimensional bed
forms.

Trying out the 'Tracer
Method' of sediment
concentration measure-
ments on some small
sized canals.

refinement/
field testing of the
instruments ' not vet
perfected, such as Mul-
tiport Pumping Sampler
and Density Cell.

Persuing

Having a feel of the
rivers by initiating
ACOP type observations
on representative (st-
raight, meandering,br-
aided) reaches on Nara
Canal, which is basi-
cally a river with con-
trolled water-sediment

inputs from Sukkur
Barrage.
A separate 3 - 5 vyear

proposal be drawn up for
'Prototype Research on Al-
luvial Rivers'. This should
very carefully consider the
logistic, instrumentation
and related envirommental
problems of extremely fluc-
tuating and very wide Indus
Basin rivers,which arequite
different from ACOP Canals.
With this caution the work
scope could cover:-

September



a. Base Line (ACOF type
data collection on se-
lection on selected
t¥ypical river reaches.

b. Monitoring of water-
sediment inflows - out-
flows in selectedriver
reaches between two
eontrol points:

c. Modelling including
verification of -water-
sediment inflows-
outflows from small,
medium and large sized
river storage reser-
voirs.

d. Design, and construc-
tion and monitoring of
river channel stabili-
sation structures by
using local materials
to evolve stardards for
cheayr and effective
works.

The foregoingdeliberations
of the Symposium were duly
considered during the sub-
sequent Project review by
GWU/ACOP including evolu-
tion of further short and
long term research @ stra-
tegles.

SEL‘I rem bar
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'LIST OF PAPERS PRESENTED

ROLE OF REGIME CONCEPT IN THE DESIGN OF ALLUVIAL
CHANNELS IN THE INDUS BASIN.

Abdul Wahab P.Sheikh, Additional Chief Secretary,
Irrigation & Power, Government of Sind.

BEHAVIOURAL EVALUATION OF SOME PAKISTAN CANALS.
Riaz Nazir Tarar and Ahmad Masud Choudri.

HYDRAULIC GEOMETRY RELATIONS FOR SAND BED CANALS.
Khalid Mahmood - Ahmad Masud Choudhri and Rariq
Masood.

REMODELLING OF ROHRI CANAL BASED ON ACOP DATA.
B.A.Luna and S.N.H.Mashhadi.

WATER QUALITY IN SOME PAKISTAN CANALS.
Magbool Ahmed Malik and Haider Ali Shah.

PROPERTIES OF NASCENT AND FLUORESCENT COATED BED.
SEDIMENTS FROM PAKISTAN CANALS.
Sultan Ali Barque and Khalid Mahmood.

FLUVIAL SEDIMENT MEASUREMENT AND ANALYSIS
PROCEDURES IN ALLUVIAL CHANNELS RESEARCH.
Magbool Ahmed Mzlik and Riaz Nazir Tarar.

PHYSICAL, CHEMICAL AND MINEROLOGICAL CHARACTER-
ISTICS OF PAKISTAN CANALS.
C.A. Majid and S.M.H.Zaidi.

MEASUREMENT TECHNIQUES IN ALLUVIAL CHANNELS.
James K.Culbertson and Harold P.Guy.

HYDRAULIC MEASUREMENT PROCEDURES IN ALLUVIAL
CHANNELS RESEARCH.

ERROR ANALYSIS OF ALLUVIAL CHANNEL MEASUREMENTS.
Khalid Mahmood, M.M.Siddiqui and Tariq Masoocd

DATA MANAGEMENT IN ALLUVIAL CHANNELS OBSERVATION

PROJECT.
Tarig Masood and Magbool Ahmed Malik.
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14.

15.

16.

17,

18.

19.

20.

21.

22.

DESIGN OF RESEARCH STRATEGY IN ACOP.
K.Mahmood and R.N.Tarar.

DEVELOPMENT OF INSTRUMENTS IN ACOP.
Ahmed Masud Choudri and Haibat Khan.

LOW FREQUENCY PULSATIONS IN CONCENTRATION AND
VELOCITY MEASUREMENTS.
K.Mahmood, G.L.Eyster and T.M.Niaz.

STUDY OF A DENSITY CELL TO MEASURE SEDIMENT
CONCENTRATION. '
K.Mahmood and T.M.Niaz.

MORPHOLOGIC PROCESSES IN ALLUVIAL CHANNELS.
J.F.Kennedy-

MEANDERING THALWEGS IN STRAIGHT SAND BED CANMNALS.

K.Mahmood and S.A.Hassan.

DYNAMICS OF FLOW IN SAND BED CANAL BENDS.
5.L. Naas and K.Mahmood.

PREDICTION OF BED FORMS AND FRICTION FACTORS IN
ACOP CANALS.
K.Mahmood, S.A.Hassan and P.H.Nasseri'.

VERIFICATION OF SEDIMENT TRANSPORT FUNCTIONS ON
ALLUVIAL CHANNEL DATA.
K.Mahmood, W.G.Dorough and R.N.Tarar.

STABLIZATION OF ALLUVIAIL CHANNELS.
Howard E. Christian.
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HEWS AND HOTES

Mnﬂular bricks for Govt.buildings in Lahore

‘he Government of Punjab through P&D Board has directed
11 Engineering Departments dealing with building . cons-
:ruction tc adopt Modular bricks in Lahore. The size was
ntroduced by Building Research Station in 1962-63. The
iew bricks have an actual size of 7-5/8"x3-5/8x3-5/8 as
gainst traditional bricks having size of 9"x4-3/8x2-11/16.

articulars Traditional Modular hdvantaces of
B o bricks - bricks new sizc.
Actual size 3 11 5 5 .5 Can be nlaced
ins =x3=x 3% ; ace an
( ) Bxdax215 ?8x38x33 fg“face ATYY
: side
Eﬂmil‘;ﬂl si'ZE! 1 5
with mortar 93x4§x3 8 x 4 x &
joint (ins)
. Volume(cu.in) 103 a5 Lighter in
weight.
Courses per
. P 4 3 Less courses

ft.height. to reach a

given height.

Cu.ft.mortar per
100 sft.wall:

-do-% brick 6.7 ol ) Less rmorta:-
~do=1 brick 14.¢ Ak, | will be
-do=1% brick ol B 21.6 ) . recuired.
Bricks per 100
cft.normal 1387 13=8
Masonry
Bricks per 109
sft. wall: PR
~do- % brick 520 459 ) ,ﬁw’umm bricis
~-do-- 1 brick 1049 903 ) ill Le
-do- 1% brick 1580 1350 ) rﬁuuircd.
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Particulars myraditional Modular MAdvantages of

bricks hricks new size.
B Braeks g 100
sit. f[loor 520 450 Less bricks
(on edge) required.
9z Bricks loaded = e pa
y s 67063 76560 vore bricks
in kiln sec- s )
s . weculd mean
tion 47 LE.aias -
R " E less fuel for
hd £, long -and 5 ;
: . modular size.
I EEL. CEeE. '
',Jﬂ size was  supported by Royal Institute of 5Pl By
Brchitects, the International Modular Group anc Drakaal
Ceramic Society. The new size has tremencous Fevantioes

over the traditional size az per detailedcomparison givon
above. The requirencnts of bricks and mortar will be ro-
fduced by the use of Modular hricks.

the gtudy on the new sirze was garried out by s Ny fae
Hazon during 1963-66 in his capacity as Director Building

Tnternaticnal Seminar convened by Urited Hatiers “”{1}
neld in Bangkok in 1968 for adoption by all the developi
countries.

Desearch Ntation Lahore. The S e WeS rerU1Jpr’“* vy 1L
2 IB)
e
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NEWS IN PICTURES

Tarbela Dam - Plunge Pool of Service Spillway
Model as under experimentation at Hydraulics
Research Station Nandipur - Showing IRI Proposed
Spur on Ehe Right Side of the Spillway. -

Tarbela Dam - Tunﬁei—B - The model as constructed

in Lahore Hydraulic Laboratory - Showing Pressure
Piezometers.
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Shahdra Rail and Road Bridges - Ravi River -
Model Study at Hydraulics Research Station Nandipur
Showing- the effect of'Baradari'on the flow of river.
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211 Communication should be
addressed to the Chief Ed-
itor, Engineering News ,
P.W.D, Secretariate,lahore,
Pakistan.

Contribution to this jour-
nal in the form of technical
articles, news about engi-
Neers, engineexing works
research projects with
photographs etc are cordi-
ally invited.

When quoting from this
journal, please specify vol-
ume number, date and

author's name.

Pakistan Engineering Cong-
ress 1s not responsible for
any statements made or op-

inions exXpressed in this
jenrngl.,
— Rdvertisement rates: by

arrangement with the Editor.
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DMS BOOTS

Specially designed and made
for the personnel of the

Defence Services,
Civil Defence and Police.




