i
v

V )/

“\\\\m_._—);

/Al
7




CODE OF ETHICS

WEST PAKISTAN ENGINEERING CONGRESS

- SeHlpaidls

In 1he name of God, the Beneficent, the Mereiful

WHEREAS Allah epjoineth upon his men to faithfully observe their trusts and their

covenants ;

that the practice and profession of engineering is a sacred trust entrusted to those whom
Nature in its magnificent bounty has endowed with this skill and knowledge ;

that every member of the profession shall appreciate and shall have knowledge as to

what constitutes this trust and covenant, and

that a set of dynamic principles derived from the Holy Quran shall guide his conduct in
applying his knowledge for the benefit of society.

Now, therefore, the following Code of Ethics is promulgated.

It shall be incumbent

upon the members of the West Pakistan Engineering Congress to subscribe to it individually
and collectively to uphold the honour and dignity of the engineering profession :
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“Allah commands you to render back
your trusts to those to whom they are due,
and that when you judge between peopie,
you judge with justice. Allah admonisnes
you with what is excelient™. iv - 33

1. You shall be honest, faithful and just,
and shall not act in any manner derogatory
to the honour, integrity or dignity of the
engineering profession.
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“Give full measure and weight justly
and defraud not men of their things, and

act not corruptly in the land making mis-

chief™. xi: 85
2. You shall use your knowledge and skill
of engincering for human weilare, and
render professionai service and advice which
reflects your best professional judgment.
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“And let not hatred of a peopie incite
you nol 10 act equitably. Be just ; that is
nearer to observance of duty". v:8

3. You shali not injure maliciously, direct-
iy or indirectly, the reputation or employ-
ment of another Engineer, nor shail you fail
to act equuiably while performing profes-
sional duty,

b -‘LJ’ ,.! -
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-
“Fulfil the obligations”. v:l

4. You shall faithfully observe and fulfil
all your obligations.
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Reflections on Tarbela

Man bas built great engineering monu-

ments in the past to satisfly his personal-

epo, provide places of worship and defend
himself against the ravages of nature or
fellow-men. Today, both the motivation
and scope of his exploits are undergoing a
change. Modern technology has widened
his scope to an extent where most enginee-
ring ideas that he conceives can also be
translated into reality., Moving mountains
is no longer a rare exploit of faith but a
matter of casual engineering routine. As
for motivation, it is no longer subservient
to any whims for personal glory. The
emphasis has shifted a long way from pyra-
mids and Taj Mahals to Aswan aad Tar-
bela Dams.

With all the material advancement
however, man's exploitation by man conti-
rues with ever increasing vigour. In the

highiy complex, competitive and cut-throat

political, socic-economic set up of human
society, the poor nations of the world are
faced with a paradox. Having escaped the
fires of a long physical subjugation they
are roasting in the frying pans of economic
slavery.. Militarily impotent, politically

“targets for perpetnal exploitation.

in-effective, economically dependent, techni-
cally bpackward, over-populated in propor-
tion to their resources and production-
speciglly food production-they are natural
On the
one hand, their delicate freedom or even
existence is at stake and, on the other, they
aspire for economic independence and pros-
perity, entering a desparate race to catch up
with the advanced nations of the world. What
keeps them in this unequal race ¥ At worst,
surely, a lack of any other alternative but
at best the grit, determination and will to
survive ard excel, compete against all odds
and win.

Tarbela Dam, for Pakistan, is a symbo-

. lic manifestation of that stubborn will,

How many millions of rupees, cusscs
of water, kilowatts of electricity, cubic feet
of soil, sand, stone and cement, tons of
steel and man-hours of sweat and toil add
up to make & dream come true? In the
glitter of staggering statistics one can easily
overlook the real significance of this gigan-
tic exercise in civil engineering we call
Tarbela Dam.



Viewed in the historical perspective of
Partition of India, the conspiracy of the
Radcliffc award, Indian hostilitics, military
escapades, political and economic black-
mail and sabotage, stoppage of irrigation
waters and the circumstances leading to the
Indus Basin Treaty, the real significance of
Tarbela is thrown into prominent relief.
Suddenly, it ceases to be just a marvel of
engineering and becomes one of a series of
difficult battles against hostile forces oppo-
sing the very creation and continued exis-
tence of Pakistan.

The superstitious might find a lot in
common between ‘Trouble’ and ‘Tarbela’
but dams are known to have run into diffi-
culties in the distant as well as the not too
distant past. The Egyptians learnt their
first lesson almost five thousand years
ago as they tried to tame the Nile The
play has been re-enacted over the centuries
with different settings around the globe.
Some recent examples of failures were South
Fork, America in 1889 due 1o overtopping ;
Malpasset, Southern France in 1959 be-
causecof failure of ieft abutment and Viaiant,
Northern ltaly in 1963 as a result of a mas-
sive landslide.

So, the mere fact that there has been
a temporary set-back at Tarbela is neither
unique nor critically important. The ques-
tion of financial losses is of lesser import-
ance even:allowing for the fact of our
poverty. The importhnt thing is have the
lessons of Tarbela been well learnt, if at
all 7 A lot of questions plague the inquisi-

tive and the concerned mind. What actually
caused the failure ? Will the repair work
be satisfactory and completed in time ?
Will the project be as efficient now as
originally envisaged ? The whole world is
talking #bout the trouble at Tarbela and
its implications (a sample of what they say
is being reproduced in this issue for the
benefit of our Pakistani readers). The
pertinent question is why is there an omin-
ous silence in Pakistan on the subject 7 s
it some dubious expediency, lack of know-
Jedge at the required level or.a simple lack
of courage ? _

Pakistan is not passing through the
best of times. Our salvation lies in speedy
exploration, development and utilization
of all our natural resources for the better-
ment of our poor masses. The ironic fact
is that for this vital exercise we are entirely
dependent on outsiders. We look on as
silent spectators while our projects are
planned, designed and implemented by out-
siders who do not share our hopes and as-
pirations, being interested purely in their
profits. Are we really aware of the dire
necessity of increasing self reliance in all
ficlds of national endeavour ? Are we striy-
ing to achieve an economically healthy and
politically stable society which will enable
us to defend our freedom and seek outside
co-operation as equal partners 7 Have we
got our objectives and priorities right ? In
the answers to these questions may well lie
the future place and status of Pakistan in
the comity of nations.
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DR. MUBASHIR HASSAN

the new
President of Pakistan Engineering Congress
was born in 1922 at Panipat, East Punjab,
India. He was educated at Government
College, Lahore and graduated in Civil
Enginecring from the Engineering College,
Lshore, in 1942. He joined the Punjab
Irrigation Department for a few years after
which he proceeded to the United States of
America for higher studies, He obtained
his Master's Degree in Civil Engineering
from the Columbia University, New York.
On his return in 1948 he joined the Civil
Engineering Department of the Engineering
Co!lege, Lahore.

Once again he proceeded to America
for higher studies and earned his Ph.D in
Civil Engineering from ths State University
of Jowa in 1956, On return, he resumed
his duties at the Engineering College which
later became the Engineering University,
He rose to be the Professor and Head of
the Civil Enpineering Department at the
University. He was elected President of

the University Teaching Staff Association.

In 1952, his services at the University were
terminated under a Martial Law Order by
Mr. Ayub Khan. The termination of his
services and of his other colleagues resulted
in widespread student strike and protest
demonstrations which led to the removal of
the Vice Chancellor.

Dr. Mubashir then established his pri-
vate practice at Lahore as a consulting civil
engineer. When Chairman Zulfikar Ali
Bhutto announced his intention to form a
new political party, Dr. Mubashir joined
him and the Pakistan Peoples Party’s first
Convention was held at his residence in
Lahore in 1967. During the mass move-
ment against Ayub Khan, Chairman Bhutto
was arrested on November 13, 1968, from
the residence of Dr. Mubashir a'ong with
Mr. Mumtaz Ali Bhutto and Dr. Mubashir.

Dr. Mubashir was again arrested by
the Yahya regime on March 28, 1969 for
flying the Pakistan People’s Party flag on
his house.

He was elected to the National Assembly
from north Lahore constituency in the
1970 general elections by an overwhelming
majority. When People’s Party assumed po-
wer in 1971, Dr. Mubashir was sworn in as
the Central Minister for Finance, Economic
Affairs and Development. This office he
held till recently when he was nominated
as the Secretary General of the Pakistan
People’s Party.

Dr. Mubashir's keen
activities and welfare of engineersis well
known. Under his able and fearless leader-
ship, the Pakistan Engineering Congress
will not only maintain its cherished tradi-
tions but reach new heights of excellence.

interest in the
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Tarbela tunnel drama sw. sereros

Startling evidence emerged From Pakistan
this week of the operational tightrope
walked by engineers centrelling  dis-
charges from Tarbela dam’s four diver.
sion tunnels, even before failure of tunnel
2 led to an emergency drawdown of the
almost Full reservoir and before discovery
of a 360,000 cu m “swallow hols' in the
dam's right abuiment.

An inquiry into the collapse of the
tunnel was begun last Friday by a 66-
member panel of engineers and govern-
ment officials, A special report, prepared
by MNew York consultanis  Tippetts-
Abbett-McCarthy-Stratton  obtained  al
the =ite by WCE's news editor Marlin
Routh, gives a detailed timetable of
events hefore and afeer the draw down
wits ordered on 22 Augusl.

The report shows the delicate juggling

with intzke gates on each of the tunnels
that was necessary (o control discharges
and prevent erosion damage to the down-
stream works from mid-Tuly onwards. As
gaies on one tunnel were closed Lo regu-
late the discharge, new fow patterns
threatened cofferdams and structures in
one section, but compensating adjust-
ments ta the tunnel gales only transferred
the danger io other installations.

Filling of the reserveir officially started
on 1 July 1974, =ccording to a carelully
prepared schedule, which would provide
ws much water a3 possible for down-
stream irrigation and still bring the ressr-
woir to spillway level (455m) by the end
of the wet season in September. By
periodic operation of the ten intake gates
(theee each on tunaels 1 and 2 at level
332 m and two cach on lunngls 3 and 4

at 354 m, fine regulation of irrigation
releases was to be combined with per-
formance testing of cach gate.

But the schedule was upset on 5 July,
when the first full closure of all three
gates on tennel 2 led to undermining and
callapse of ane cell of a cellular coffer-
dam protecting the power house. This
sharp reminder of the necd to control the
pattern as well as the wvolume of fMow
downstream introduced a new element in
the regulation procedure, and subsequent
zate operations were aimed at minimis-
ing scour effects, It was found for in-
stance that tunnels 3 and 4 could not
koth be Fully open at the same time as
wave action put the drainage works at
risk.

On 24 July tunnel 1 was completely
closed for the first time and this led to a
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problems were dwarfed when, half an
hour before midnight on 21 August, a
lowd “explosion” was heard ;v the area
of the intakes and the discharpe from
tumnzl 2 shot wp from 1000 0 $.000 co m
a second. A strong thumping jbration
came from the portal arsa of tuansl 2,
ond could be felt over the whaole azhut-
ment. Clearly this was the time when the
60 metre leagth of wunnel gave way and

the rush of reservoir water hegan to wash |

away the hilisde

Bot at the tme, with 180 = of water
covering the tumael, the cave of the
explosion and its dramatic effects were
not so obvious. First theories naturally
associated events with the jammed mate,
and reporis suggesied that the complex
fAow through the restricted apening had
caused failure of an adjacent gate and
the supporting pier (See NCE 29 August).

An immediate emergency lowering of
the-water level was ordered, and with the
River Indus still feeding 2000 cubic
metres 4 second into the reservoir, this
clearly meant 2 substamial jump in the
downstream releases, Flow patiern: no
longer had any significance, and damage
o the downstream colferdsmi bocame a
daily event as the dischares rose 1o 11,000
cu mjs

It was not ontil three weeks Jater, on
14 September, that the Foll extent of the
damage was seen for the Arst time. As
this week's first pletures from the site
clearly show, a vast ¢chunk cf the dam's
abutment has been washed through a

Faneny

Tkir drowing produced by TAMS site stafl for the consulionr's penel shews the extent of
the domoge to the rennel end the chags in the hillside.

60 m long bole in tunncl 2. Ia- addition
th= ruth of water has scoured a 10 m
deep hole below Lhe foundation level of
intakes 1 and 2. A flect of lorries is pre-
sently plying concrete to the spot and
tremie pipes feed down through the now
steady water level,

Large concrele air conduils, once sup-

A peeerdd virw of e dowrirecm foce. At peck dischorpe i August the fow in the Indur
reached |1 003 rz miswe o2 weked eway large wcvioms of the downsireem coffrrdem:

aroand v gower ibifion o

ree foww oof e embankeent,

ported on free dramang fill placed over
the patural rock abutment now span
dangerously across the 75 m gap, pre-
venting close inspection of the damaged
twnnel. The Indus flow is still passing
through one gate of wnnel 2 as well as
the fully open tunnel | It is expecied
that another ten deys or %0 will see the
flow sufficently low 1w allow closure of
the fnal gzre of tunnel 2 the explotion
bas apparcntly freed the blockage of the
centre gate, which had closed when the
water level fell Experts will then scruti-
nige the remains of tunnel 2 for the cause
of fallure.

Meanwhile the consultants panel is to
meel every day this week to try 10 deter-
mint wheoe 10 g0 from here. Clearly the
delay to commissioming of Tarbela's
TOD MW power stalidn i going (o be
considerable — probably well in excess of
carlier estimates of one year. This would
require impounding to start again in July
1975, The scale of dumage révealed must
make such hopes impossible.

q-: very imporiant ples note o ==l
agaimsl the chapter of disaster that has
dogged Tarbela's last three months - the
rapid drawdown by 100 m in 23 days is
said to have caused no damage 1o the
embankments themselves, Clearly pore
pressures within the embankments have
been dissipated sufficiently quickly o
prevent any instabality occurring as the
water level fell

This muest a1 least provide some salace
for the band of ensineers who have had
to react msIantiy to a continDows series
of emergencies for three months in the

_ face of alarmist reports about impending

disaster.
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Effect of Residual Sodium
Carbonate in Irrigation

Water on Soils
by

MUHAMMAD ALTAF HUSSAIN

MUHAMMAD ASGHAR and
GULZAR HUSSAIN

Effects of different levels of residual sedium carbonate in irrigation wafers on soil
properties has been studied under cropping conditions and the results are reported

here.

The waters used were fit for irrigation when considered on the basis of water

quality parameters except residual sodium carbonate.

The quality of irrigation water is
mostly evaluated on the basis of the soluble
salts, relative proportion eof sodium to
calcium and magnesium known as the
Sodium Adsorption Ratio (SAR) and other
toxic eclements especially Boron present
therein. It is further assessed according
to the extent of residual sodium carbonate
contained in it. Certain standards of classi-
fication of irrigation waters on the basis of
the soluble salts and SAR values have been
established. Boron is seldom found in
ground waters of the Punjab. Residual
sodium carbonate, however exists in such
proportion that it becomes a limiting factor
to use these waters successfully for crop
production. Its harmful effects are due to
the alkali conditions produced by it in the
soil. The limits of RSC of these waters
used on agricultural lands without harm,
needs careful investigation. The present
work gives the results of recent experiment

Physical Chemist, Assistant Research Officer and
Kescarch Assistant respectively, Land Reclamation
Punjab, Lahore.
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conducted to fix suitable limit of this

factor.
Review of literature

Eaton defined residual sodium carbon-
ate (RSC) as :
RSC=(CO, + HCO,) — (Ca + Mg)

He considered that the precipitation of
calcium and magnesium to be quantitative
with respect to the residual sodium carbon-
ate present in irrigation waters, Wilcox
etal showed that waters with RSC more than
2.5 meq/1 are not suitable for irrigation
purpose- He reported the safe limit to be
upto 2.5 meg/l. He also found that
with RSC in excess of 2.5 meg/!, the
accumilation of exchangeable sodium was
significantly greater under low leaching
regime than under a high one,

Kelly found that the use of irrigation
water containing bicarbonates in excess of
Ca and Mg may lead to relatively high
concentration of sodium carbonate in the
soil solution. In agricultural operation,
the concentration of sodium earbonate may



" not be significant. - Thus he stated the. ex-
pression RSC. of -an lrngatmn water 13 a
misnomer. :

Bower et.al, found that the RSC con-
cept of Eaton seems to have some merits.
Massland etal stated that -the concept of
RSC was more valid than it was some times
believed. Hameed etal .has been of the
- opinion that waters with RSC equal to 5
meq/l could be safely used in SCAPP-1
even without mixing. Hussain and Nur-
ud-Din in their laboratory studies, while
using four types of waters of low and high
RSC values for leaching with varying delta
_of irrigation, observed increass in the exch-
angeable sodium contents of the soil in all
cases. [t was, however, very significant when

water having RS8C 7.4 meq/1 was applied.
Material and Methods 3

The was conducted in
pots, 10” deep and 3" in diamter.
sandy loam soil was filled in them and
properly packed. An outlet was provided
at the bottom to allow free drainage of
water. Three and a half inch space at the
top was left to apply irrigation water,
Each container had 10 Ibs. of soil which
was analysed before starting the experiment
and after completing it. The waters having
RSC0.0, 2.0, 4.0, 6.0 and 8.0 meq/l were
used for irrigation. Canal water (freé from
RSC) was kept as control. The complete
analysis of the waters applied is given as
under :-

experiment
Fine

-Table: 1 Showing the analysis results of waters used for irrigation.
meq,fl
— e i iy g et _
ECx108 Ca Mg  Na CO, HCO, CI 80, - SAR RSC (meq/l)
300 (canal  1.56 a4 0.85 - 1.49 .28 1.60 .76 —
water) :
650 1.56 0.94 3.86 -— 4.50 .26 1.60 3.5 2.0
B30 1.56 (.54 5.86 — 6,50 .26 1.60 53 4.0
1050 1.56 {.‘J 94 7.56 - B.50 16 1.60 7.1 6.0
1250 1.56 E} '94 9,86 - 10,50 .26 1.60 89 8.0

In no case the EC X 10° was higher
than the permissible limit fixed for the use
of water for irrigation., The maximum
upper limit of SAR was less than 9.0. The
crops grown were wheat and rice. Each
time a measured quantity of irrigation
water was applied. The irrigation to the
wheat crop was given whenever it needed,
but in case of the rice crop the losses of
'water in each container weré made up
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almost daily. The water drained out in
each case was collected and tested for its
content of residual sodium carbonate.

Results and Discussion :

The analysis of the soil saturation
extract before starting the cxpcnment gave
the fo]lov.mg results :-

Talle: : ) '
= Cat+Mg  Na
EC=10! "PH tmeq/1) (meg/l) R
3I5 T.Q 34.5 2 14'5



The soil thus :ﬁun_tainad : very high
quantity of soluble calcium and magnssinum
‘but was low in sodium. Its sodium adsor-
ption ratio was thus very low,

Similar analysis was conduected for soil
after the completmn uf’ the experiment,.
The rn::SuIts are given in Table No. 3.

Showing the Chemical analysis of soil saturation a‘(tract after completing

Table : 3
the experiment. s
gy Cat+ Mg Na
Treatment Replication ~ ECx10? pH meq)] meq/l SﬁR _
¥, L 2.0 8.3 16.5 2.5 87
2 1.9 8.3 16.0 2.5 - .89
11 It 25 8.4 12.0 12.5 5.10
. P, 8.4 13.5 12.0 4.40
IIT 1 2.0 g4 10.5 180 7.8
2 2.6 8.3 2.0 17.0 8.06
Y 1 2.4 8.3 S 17.0 10.63
_ s 2.4 8.3 6.0 18.0 10.4
Y 1 2.4 8.4 5.0 17.0 10.62
2 23 8.4 4.5 21.0 14.00

The total delta applied to the wheat
crop for each treatment was 22 inches.
The rainfall received during this period was
1.59 inches, out of this crop no drainage
surplus was ever received.

As far rice crop, the measured delia
applied in each treatment was as under :-

Table: 4

Showing the water applied in inches in each trealment

X *

Treatment 23 R Average
1 2
I 159.82 163.8 161.81
11 152.00 151.0 151.50
T11 154.00 135.0 144 50
v 95 00 1000 97.50
v 100,00 93.0 96,50

X Replication

In addition to this 6.76 inches rainfall
was also received during this period.

The analysis given in Table No. 3 shows
that in treatment No. | whare canal water
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was applied, much of calcium and magnes-
iumm was washed out of the soil profile but
it could not increase the SAR of the soil to
disturb its properties In treatment No. II
where the applied water contained RSC
equzl to 2 megfl, the SAR of the soil
was increased, but it did not have any signi-
ficant adverse effect on the infiltration rate
in the soil, However, the adverse effect
has been much pronounced in all the other

treatments.

The resultsgiven in Table No. 4 indicate
that the total delta applied to the crop for
various treatments decreased progressively
with the increase in RSC of the water usad
for irrigation. It was due to the fall in the
infiltration rate of the secil which is the
togical result of alkali conditions produced
with the use of residual sodium carbonate
waters. These results confirm the findings
of the soil analysis given in Table No. 3,



- The leachate was tested for the RSC.
It was found that, it was always free from
residual carbonate which indicated that it
was retained in the soil which would have
resulted in precipitation of calcium and
magnesium from the soil solution. The
whole soil in the containers was thoroug-
hly mixed before the final analysis was
done after completing the experiment. If
the analysis of the top 2-3 inches of soil
-would have been made separately, the
deteriorating effect would have been more
when the
However, the results are

pronounced compared with
present results.
comparable to the findings of almost all
other workers except Hameed et.al. who
suggested that waters having RSC equal
to 5 meg/l could safely be used in SCARP-1
for irrigation purposes.

Conclusion :

The residual sodium carbonate inirriga-
tion waters has the hazardous effect on the
soil conditions. The infiltration rate of the
soil is decreased as a result of alkali condi-
tions produced with the use of such waters.
In case of waters with RSC close to
2 meq/l, the effect is not significant. Such
waters can safely bte used provided they are
fit for use when judged on the basis of other

patameters evaluating their quality for
irrigation.
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INTRODUCTION

Throughout the ages both builders and
laymen have 1-ecn-;nised the necsssity of
good foundations, as did the wise man who
saw that even the super-structure would
resist the forces of nature better if it were
founded upon the rock.

Piles, for the support of prehistoric
dwellings, have been found in Lake Lucerne,
and similar structures are now built in such
primitive places as new (Guinea.

Cazzar built a pile bridge across the
Rhine. When the Campanile fell in Venice
in 1902, the submerged piles driven in
A.D. 53¢ were found in good condition
and reuszd,

A structure is founded on piles if the
scil immediately below its base does not
have adsguate bearing capacity or if the
estimate of costs indicate that a pile founda-
tion may be cheaper than any other.

Piles may be classified on the basis of

their use or the material from which they

Ex-Assistant Froject  Engineer, Tapnsa=
pan'cad Link & now Partoer Engineering &
Tesnaical Con-ultants (ETC) Rezd, Lahore,

Ex-Junior Enginser, Taunsa-Panjnad Link
and now Executive Engineer, T.P. Link Task
Force, Hafizabad,
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Pile Foundations for
Bridges
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are made. On the basis of use there are
two major classifications, sheet and load-
bearing piles.

Load-bearing piles may be classified as
follows :

(1} Timber - Untreated or Treated with
preservative,
(ii} Concrete-Precast, Prestressad and
Cast-in-situ.
(iii} Steel - H.Section and Stecl-Pipe.
{iv) Composite.

This article deals with only load-bearing
es a5 used for the const-
To our

precast concrete pil
ruction of bridge - foundations.
knowledge bridges in this country have
always bzen provided withraft, well or rigid-
bent types of foundations and the pile-foun-
dations have been adopted for the first time
during the construction of bridges built
across the Link Canais of the Indus Basin
Project. Speedy construction of hundreds
of bridges on the eight Link Canals in a
period of less than eight years was possible
only by adoption of precast or prestressed
concrete piles for their foundations. The
classical well-tvpe of foundations previously

adopted ; apart from the usual construction



difficulties, encountered during the sinking
of wells ; would unduly proleng the constr-
uction period if a well was tilted or drifted
away from its desired location. Similarly
the shallow well foundations always nceded
a costly bed protection requiring recurring
expenditures for the maintepance of the
lopse-stone  aprons provided to guard
against normal scour. Such bridges are
never safe against abbormal scours resulting
from concentrated flows.

Design of various types of load-bearing
piles and the technigques for their driving
have been enormously advanced in the
developed countries of the world and volu-
minous literature is now available on this
subject. The writers had the opportunity
to witness the manufacture, driving and
load-testing of precast concrete piles on the
various Link Canals in general and the
Taunsa-Panjnad Link Canal in particular
and hence deemed it imperative to record
this extremely useful experience for the use
of future bridge builders of the country.
An attempt has been made to increase the
practical utility of this article by inserting
working drawings and photos showing the
design, manu‘acture, driving and load-testing
of the piles. Tables have also been given
for indicaring the methods for recording the
driving of piles, pile-load-test results ; the
equipment needed for pile-driving and pile-
load-testing ; and the different types of pile

hammers.

The subsequent paragraphs of this
paper deal with the manufaetuie and driving
of piles ; pile-load tests and determination
of vltimate loads and lengths of piles from
the test results; pile-driving formulae ;

pile driving and pile-load testinz equip-
ments ; and different types of pile driving
hammers.

Space in this paper does not permit
inclusion of the detailed design and specific-
ations of piles which may bz taken up in
a separate and comprehensive article at a
latter stage.

MANUFACTURE OF PILES

In order to simplify the casting opera-
tions, all precast or prestressed concrete piles
required for the execution of a project
should be of the same cross-section. For
exercising better quality control, the piles
are preferred to be constructed in a2 central
casting yard.

Precast concrete piles are cast on level
and tight platforms consiructed to prevent
any settlement during casting and curing
operations. The casting beds are made of
brick mosonry with steel float finish in
cement plaster on tops to precluce likely
sticking of the piles to the casting beds. To
economise in the construction of casting
beds, the piles are constructed in tiers,
varying from two to four piles in one tier,
by casting piles one upor the other. The
subsequent sequence may be followed for
the construction of precast concrete piles.

1. Accurately position the reinforce-
ment by using annealed iron wire
ties at intersections, and support
it by concrete or metal supporters,
spacers or metal bangers.

2. Set, and bolt or clamp reusable
steel forms to the casling beds,

3. Place and vibrate concrete and start
water curing after initial sziting of
concrete.
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4. Remove steel forms after 24 hours.
Cover the green concrete and
continue water curing for at least

14 days.

5. Place the piles in their final location
after at least 23 days of casting.

For the conmstruction of prestressed
concrete piles, the following sequence of
operations may be adopted :

1. String the prestressing strands and
tension them to the reguired
amount by hydraulic jacks.

2. Wrap spiral wire ties and place
steel tip reinforcement for the pile.

3. Set, and bolt or clamp rcusable
steel forms, and place inflated
rubber tubes for forming hollow
pile cores.

4. Place and vibrate concretz. [niti-

ate water curing.

5. Deflate and remove rubber core
form after 12 hours, and remove
metal forms after 24 hours.

6. Transfer prestressing force to
cast concréete members by cutting
prestressing strands between memb-
ers when concrete attains a strength
of 3, 750 pounds per square inch,
verified by concrete cylinder

tests.

as

7. Transfer Cast Concraete members
to storage arecas and continue
water curing for at least 14 days.

8. Transport completed piles to point
of wuse by the trailer especially
built for this purpose,
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Prestressed or precast concrete piles of
the cross-sections shown on Figurs | were
used for the Con~truction of various types
of bridges on the link canals constructed
under Indus Basin Project. Prestressed
concrete piles were used only on Rasul-
Qadirabad Link Canal. Ia view of the
difficulty that was experienced in driving
prestressed concrete piles, precast concrete
piles were adopted on all the other Link
Canals.

DRIVING OF PILES:

Piles may be driven with a hammer or
with allied use of hammering and water or
air jetting. Piles shall be driven as accura-
tely as practicable in the correct location,
true to line both laterally and longitudinally.
Under difficult conditions, the driving of
piles should be started in a hole or 2 guid-
ing templet or other necessary means provi-
ded to ensure driving in the proper
location.

Water jetting is frequently required for
driving heavy weight and long precast or
prestressed concrete piles to relieve driving
stresses, secure desired penetration and save
time. When water-jetting is emploved the
volume and pressure of water should be
sufficient to freely erode the material adja-
cent to the pile and, then, allow the discharee
to come up around the pile to the surface.
The plant should have adequate czpacity
to deliver at lea-t 200 psi pressure at 3/4 in
nozzle. Before the desired penetration is
reached, the water jetting should be dissoci-
ated and at least the last five feet of the pile
be driven exclusively with driving energy
of the hammer.



When there are good reasons to substan-
tiate that piles cannot be driven in the
manner related in the preceding para, holes
may be drlled to facilitate the driving.
Where drilling is permitted, the holes drilled
shall have a diameter not more than an
inch larger than the tip diameter of the pils
and the drilling will continze only through
the strata of hard material offering inordin-
ate resistance. Where the hard material
exteadcd below the desired penctration, the
drilling shall be stopped above that penet-
ration level and the pile finally set under
normal driving by at least 50 blows from a
gravity or single-acting steam hammer or
200 blows from a double-acting
hammer.

steam

It is, invariably, advisable to drive the
piles to the full penetration as determined
from pile load tests, regardizss of the fact
that sufficient bearing capacity, as determi-
ned from the formulae, is achieved at lesser
depths.

The foundation piles of the roadway
bridges, constructed in connection with the
construction of the link canals under Indus
Basin Project, were driven with combined
operations of hammering and water-jetting
except those of Rasul Qadirabad Link where
the pre-drilling of the holes of almost pile
diameter had to be adopted to obviate the
breakage of the hollow prestressed concrete
piles.

On Taunsa-Panjnad Link Canal, all the
piles of the roadway bridges were placed
successfully by the combined operations of
water-jetting and hammering, as illustrated
in connection with the driving of test and
anchor piles in the section of pile load test.
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The contractor deployed two sets of 4350
pound ram (piston) Deimag D-22 hammers
attached to Jeads, having tracks in
which hammers were engaged for the full
length of travel, fixed at the face of the
booms of P & H cranes. The handling and
lifting of the piles were carried out by
means of ropes passing over the pulleys
mounted at the top of the lead and control-
led from the electric-operated winchinstalled
on the crane. Besides, two stage centrifugal
pumps driven by dicsel engines, jet pipes,
and hose pipes were used for the execution
of water-jetting. The placement of 308 piles,
which virtually means the construction of
piers for 14 bridges, was carried out in a
period of about one year.

The subsequent succession of operations
were generally adopted for the driving of
18-inch square precast concrete piles on the
Indus-Basin Link Canals.

1. Steel-girder template, for fixing
location of the pile in the pile-bent
and guidance in side-jetting, was
installed in position by long steel
pegs.

2. The pile was lifted and held verii-
cally along the face of the lead
attached to a crane standing near
the final location of the pile, and
hammer was centered over the pile
so that the blow would be entirely
axial and pile would not be driving
out of the specified lines and
grades.

3. Prior to driving of piles, a defined
hole, baving depth about 5 fect
less than the requisite penetration



of pile, on the final location of pile
was formed by means of 3 inches
dia, jet-pips having 3/4" dia, nozzle
nd discharging water at
200 psi.
Soon after the completion of satis-
factory formation of hole, the pile
was dropped vertically and freely

about

into the hole.

5. Immediately after the dropping of
pile, hammering was done with full
energy of driving till the penetra-
tion of pile encountered consider-
able driving resistance.

6. To ease further driving and obviate

the breakage of pile, water-jetting

on either side of the pile was done,
and hammering was resumed for
further driving of pile.

To seat the pile firmly in its final

position, the driving of its last five

fect was carricd out exclusively by
means of hammering To ensure
adequate load currying capacity of
the pile, it was observed that undsr
the last 30 to 40 blows the penetra-
tion of pile was less than one inch.
8. After the cessation of driving, the
hole formed by jetting was filled
in Jayers with reasonably compacted
good sandy soil. The arrangements
for driving of piles and performance
of pile-load tests is shown on the
photographs appearing on the sub-

gsequent pages.

Pragmatical Difficulties and Remedial

Measures,

On Taunsa-Panjnad Link it was experi-

enced, during the driving of piles at A R.
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Bridge RD. 142400 that after 30 to 40 fect
depth of jetting the discharge of the jetting
water ceased 1o come up to the ground
surface, and accordingly, the soil displaced
by water stopped escaping from its position.
Consequently the formation of hole beyond
such depths became impossible. To secure
the upward flow of jetting discharge along
with the soil, a jet of compressed airin
conjuction with the water jet was intro-
duced. After the introduction of air jet, the
jetting-water started emerging back upto
the ground surfzce. In this way the jetting
of the hole upto the required depths could
be materialized.

The driving resistance of the pile was
significantly minimised by the air-jetting
and the progress of placing the piles was
appreciably increased.
enough, the air jetting displaced the soil
around the piles very disastrously, and

.

But, paradoxically

resulted in the formation of bigger holes.
The piles, accordingly, had easy way to
deviate from their correct location during
driving. In view of this difliculty the air-
jetting was discontinued and only water
jetting, with increased pressure and amount
The
formation of bigzer hole with the air-jetting
could be controlled, by adjusting the opti-

of the jetting discharge was used.

mum intensity of the air pressure, but it
could not be arranged by the contractor.
On Rasul Qadirabad Link, 22 - inch
Octagonal prestressed concrete piles, with
13 inch diameter hollow core and ten one-
half inch dia., prestrassing strands, were
used for fouoding the roadway
For the execution of the pile load-test, the
anchor and test pile were driven with the

hrideaes,
For |



normal means of hammering and water-
jetting, but all the three piles developed
cracks during driving. Following completion
of the final load test, the test pile was extr-
acted and was found to have two 15-foot
vertical 1/32 of an inch wide cracks starting
just above the pile tip. Numerous hair-line
cracks and spalling were also found near the
top of the test pile. In view of the fore-
going damage of the piles, the contractor
was directed to improve his pile jetting and
driving equipment and procedure in order
to preclude pile breakage.

The contractor proposed to drastically
alter his pile driving procedures in an effort
to overcome the problem of pile breakage.
The contractor proposed to predrill a hole
of approximately the pile diameter to within
a few feet of the final pile tip elevation
using reverse rotary drilling equipment.
They proposed to place the pile in the
predrilled hole and then seat the pile by
driving it to its final position. In order to
demonstrate the effectiveness of the revised
pile placement method, the contractor
offered to conduct a scries of pile tests
about 1,500 feet down the link from the
location where the previous tests were made.
Test piles were placed in a 20 inch hole to
41 feet of penetration, and in a 24 inch hole
to 54 feet of penetration, respectively. It
was found that the required driving effort
was not appreciebly reduced using the
predrilled 20 inch hole and the test pile was
cracked during driving. High load bearing
values were, however, obtained from the
test pile placed in the 20 icch predriled
hole. The required test pile driving effort
was substantially less in the predrilled 22

inch hole, and load bearing value obtained
approximately equalled thoss obtained by
placing pile by the previously used jetiing
and driving method. Driving effort was
greatly reduced using the 24 inch predrilled
hole, but test results indicated that the pile
skin friction resistance was greatly lowered.
It was concluded that the use of the 22 inch
predrilled hole was acceptable, and the
contractor was notified that pile placement
could be continued using the proposed
predrilling method.

The use of the predrilling method of
pile placement substantially reduced, but
did not entirely eliminate, the problem of
pile breakage. Also, difficulty was experi-
enced using this method where clay layers
were encountered in the upper strata of the
soil. Following the drilling of the hole for
the placement of the pile, the clay tended
to squeeze in to the predrilled hole causing
high resistance to pile penetration. This
difficulty was overcome by predrilling a 28
inch hole down to the canal bed elevation
and predrilling a 22 inch hole from that
point down. A few piles cracked during
driving, despile the predrilling of the hele
to facilitate pile placement. Cracking was
cvidenced by the appearance of ground
water in the hcllow centre of the pile.
Where this occurred, the water was pumped
out and the pile was filled with cencrete to
a point above which cracking was known
to have occurred.

Because of the difficulties encountered
in placing the prestressed concrete pile on
the Rasui-Qadirabod Link, the pile suppor-
ted structures were carcfully observed after
they were placed io service. These obser-
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Driving of precast reinferced concrete piles for constructing a village road bridge on
Taunsa-Panjnad Link Canal



Pile-load test bei
being perfcrmed on a link canal b.
ridge
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vations confirmed that the piles performed
their function satisfactorily.

On Chasma-Jhelum Link Canal, the
contractor proceeded to drive two anchor
piles and a test.pilc and made three tests at
RDD. 127+222. He was then furnished pile
lengths for all bridges from RD. 93+222 to
RD. 191+682 on the link. The contractor
encountered hard driving and difliculty in
mecting the required pile position toler-
ances during his initjal pile driving. He,
therefore, proposed changing his method
of pile.driving. In stead of the original
jet-assisted pi!e. driving, he proposcd a
predrilling method of pile driving much
like that used on the Rasul-Gadirabad Link.
He propesed to drill a2 22 inch diameter
hole to within 3 feet of the piie tip elevaticn,
to drive the pile with jetting in the predril-
led hole, to drive it to its final positien, and
to then post-jet around the sides of the pile
to ensure that the skin friclion resistance of
the pile was fully developed. The contractor
proposed to immediately make the second
field pile test to demonstrate that the revised
placement method would give pile lengths
equivalent to those obtainzd using the initial
method of pile driving. The contractor
made the second pile test at RD. 42222
using the predrilling, driving, and post-jet-
ting method. The sa!isf‘actlﬂrg,r results
obtained from this test enabled the Engineer
to give the contractor pile lengths for
bridges along the upper third of the link,
from RD. 18+947 to RD. 874222, :

The contractor experienced further
dificulty wusing the 22 inch predrilled hole
and requested permission to enlarge the
predrilled hole to 24 inches. He offered to

make two additicnal field pile tests at
RD, 42+ 222 using a 24 inch predritled hole
and post-jeiting. These tesis, showed that
use of a 24 inch hole did not adversely
affect the load-bearing capacity of the pile,
and use of the larger hole was approved.
Pile driving then continued without further

difficulty.
Pile Load Test

Before performing a pile load test for
adopting pile foundation one must bear in
mind that a sausfactory pilzs-foundation
must have a sufficient ulimate bearing
capacity (i.e, that soil shear strength must
be adesquate) and that settlement under
With this
elemental consideration in view, the pile
load tests are carried out in the field at

working load must be tolerable.

representative sites of the structures to be

founded on piles for the determination of

the fellowing :-
{2} The

test-pile.

ultimate-load capacity of

(b) What part of the ultimate-load
capacity of the test pile is deve-
loped by skin-friction and what
part is developed by that of
point-bearing.,

{c) To oblzin data for usc in making
up a schedule of pile length for the
enlire struclure or ail the siruc-
tures, as the case may be of the
praject under consideration.

Methods of Making Pile Load Test ;

The major difficulty in carrving out the
pile load test is the application of the loads
to the test pile. The test pile, however,



may be subjected to loads by means of a
wide variety of arrangements of direct and
indirect application of loads. The direct
application of the loads may be carried out
by loading a platform, especially constructed
on the top of the pile, with heavy loads in
the form of earth or sand bags, pig irons,
water tanks, having arrangements for filling
and releasing of water, or any other form
of load which may be manoeuvred with the
greatest economy of the readily available
materials and shortest consumption of time.
The indirect application of the loads to the
test pile may be manipulated by jacking
against an existing structure or piles especi-
ally driven for this purpose.

The methods of the direct application
of the loads to the test pile are quite conser-
vative and cumbersome as they involve
handling of quantities of the materials
which, consequently, reselts in considerable
wastage of time. Jacking against fixed
jacking-platforms is, therefore, preferable.
Furthermore, another advantage of jacking
is that the loads can be applied and released
qﬁickly, as and when required, permitting
immediate determination of the permarnent
settlement or penetration of the test pile in
the subsirata, afier the rebound of the pile
has occurred.

The application of the loads in all the
pile-load tests, carried out on the link canals
constructed under Indus Basin Project, was
executed by jacking against a jack-beam
connected with the exposed reinforcing bars
of the adjoining anchor piles. A compre-
hensive description of the arrangements and
procedures of the pile-load test is related
below, with particular reference to the tests

carried out on Taunsa-Pzanjnad Link Canal
for better perspicuity of all the opsrations
and difficulties which may arise during
actual performance of such like tests.

Arrangements for Pile Load Tests,

For the economical and ellicient perfor-
mance of the pile-load test and the subse-
quent considerations the following arrange-
ments were adopted =-

1. The preliminary investigations re-
vealed that geological conditions of the
sub-strata slong the entire link were almost
homogeneous. Accordingly, the pile load
tests were carried out on the following two
sites, for penetrations mentioned against
each, to determine the actual length of piles
required to withstand the loads for which
bridges had been designed.

(i) Village Road Bridges at RD. 39+ 338)
(ii) Village Road Bridze at RD. 724425

Two tests for 45 & 55 fi. penetrations.
Three tests for 45, 55 & 65 feet penetrations.

2. Two anchor piles each 90 feetin
length, and a test pile of 75 feet length
were constructed at each of the test site.
The length of the test pile may vary, as
required, to provide the specified pznst-
rations. The test pile was provided with
three sets of holes, at right angles to the
centre line of the pile, required for fixing
the jack-blocks to the test pile in different
positions. The spacing between these holes
depends upon the height of the jucks to b
used for applying measured incremental
loads to the test pile. The number, sizs,
location and spacing, as used on Taunsa-
Panjnad Link Canal of these holes is shown
on Figure 2.



3. The initial lead test was made at
the site of village road bridge at
RD. 394 380. Two anchor piles, each 90 feet
in length were driven 8 feet apart at the
permanent locations of piles of one of the
intermediate piers to make their use in the
final structure. The 75-foot test pile, which
was second in the process of driving, was
placed in the centre of the two anchor piles.
The placement of these piles was carried
out by the combined continual operations of
water-jetting and hammering.

To create favourable conditions for
maximum free-fall of the pile, initial jetting
was done upto a depth of 80 feet. After
having a free fall of only 14 feet, a great
rezistanse was encountered in its driving.
Although heavy jetting and full driving
energy were used, the head of the pile was
sheared off only at the 30th foo: of its
The pile head was cut smoothly
driving the

driving.
and further
assistance of efficient hammering, and water
On 76-77 feet of its driving

resumad  with

jetting on sides.
pile head
consequently, further driving of this pile
was discontinued. With combined opera-
tions of jetting and hammering the test pile
was, then, driven up tc the depth of 45 feet

the again got crushed and,

which was the proposzd penetration for the
first test. The second anchor pile, was also
driven upto the refusal depth of 735 feet.
The driving of piles for the sscond and the
subsequent tests was carried out with similar
operations of jetting and hamimering.

A complete record of the driving
operations of each pile was kept. This
record indicates make and model of hummer,

location of pile, free-fall, that is depth

penetrated without driving, elevations and
times at which jetting or hammering was
commenced or stopped, and the number
of blows for every foot of penstration
during driving, and number of blows for
the last inch of pm’selra-ticrn before stopping
further driving, elevation of top of pile
when driving was completed and other
pertinent data of interest to the interpreta-
The

driving record of test pile is shown, as a

tion of the results of these tests. pile-

specimen, on Table-1,

4. A steel jack-beam was attached to
the anchor piles by the bolts
passing through the jack-beam with the
exposed reinforcing bars of these piles, in
a maaner which permitted application in
increment of measured loads to the test pile
gither in a dowaward direction for determin-
ing load bearing capacity or in an upward
direction to measure skin-friction resistance.
application of loads, the
hydraulic jacks were placed underneath the
Jack-beam, to permit jacking against the
jack-beam, on the jack-blocks bolted with

welding

Faor downward

the test pile through the holes alrcady

provided in the test pile for this purpose

The arrangements for jacking in order
to apply load to the test-pilz in the upward
direction are mentioned in the section of
“Pulling Test”. Figure 2 shows assembly
of the arrangements for pile-load test.
Very sensizive deflection gauges, carable
of measuring upto one thousandth part of
an inch, were firmly fixed to ths test and
anchor piles to measure their settlement or
during. the

uplift various operations of

the test.



Test Procedure.

In order to permit the piles io restore
adequately their-point bearing eapacity and
skin-friction resistance, which were consider-
ably reduced due to the disturbance of the
- soil particles during the opeiations of pile
driving, all the pile-load tests were carried
out at least four days after the completion
The test loads were twice
individual pile,

of pile driving.
the design load on the
arrived at in accordance with the classifi-
cztion of the bridges, the locations of which
were elected for the performance of the
tests.

The loads adopted for various pile-load
iests are tabuiated below :

LOCATION DESIGN TEST LOAD
LOAD

(i) Village Road

Bridge-cam-

Agqueduct at

R.D, i94 330

) Village Road
Bridge cum-
Agueduct at
R D. 724425

130 Kips 260 Kips.

130 Kips

The sequence of operations adopted
for the performance of test was as follows :

260 Kips.

The first increment of load applied to
the test pile was the pile designed load.
The load on the pile was in:reased to the
test load by supplying additional loads in
equal  increments. A minimum
duration of two hours was observad batwazn
the application of each incremeni. The
full test load was, however, maintainad on
the pile for forty-eight hours.

four

For each
incremeot of load, the total settlem=nt of
the top of the pile, while under load, was
recorded ; then the load was released for 15
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minutes and thereafter the total permanent
settlement of the top of the pile, with no
load, was recorded. The deflection gauges
clearly revealed the rebound of the pile after
the release of the heavier loads. Afier the
release of the test load and the ultimate
load, the readings of the deflection gauges
were recorded till they showed no movement
in the upward direction. The difference
of the readings of the deflection gauges,

fixed with the test pile, noted after the pile

had fuily rebounded and the reading noted
initially prior to the application of loads is
identified as permanent settlement. In case
when fuli test load caused more than one
quater inch of permanent settlement in a
period of 48 houss of continuous application
of the test load, the test pile was considered
to have failed the tests for that particular
penetration, indicating that longer piles
were required.

If the pile did not fall under the test
load, the pile was further loaded
10 Kips increments to determine the test pile
maximum-load capacity which is the
maximum-load on the test pile that does
not cause a total setilement (with load) of
more than an inch or a permanent settle-
ment {after the releasing of load) in excess
of ons-quarter of aa inch when the load is
maintained for forty-eight hours., It is
observed that maximum-load capacity, that
indicate failure load of test pile, is, invari-
ably, in excess of the test-load which is
twice the pile design load. The scttlements
of test pile, as observed during the execution
of the pile-load test for 55 feet penetration,

in

are abridged in Table 3. A typical form
for recording observations of pile-load



test is shown in Table 2. The load-scttle-
ment curves, for penetrations of 4583535 feet,
are shown on Figure 3. '

Pulling Test

To evaluate what part of the
uitimate capacity of the test-pile was devel-
oped by skin-friction and what part was
developed by point bearing, pulling test was
carried out. Jack-blocks were fixed with test-
piles, by means of bolts passing through the
holes already provided in the pile, above the
jack beam and the jacks were placed directly
on the top of jacking beam in order to apply
the load in the upward direction. With tops
of the outer two anchor-piles still connected
to the jacking beam, the test pile was jacked,
upwardly, The load indicated on the jacks
when the test pile yielded perceptibly in the
upward-direction, reudced by the weight of
the pile, after taking the effect of bouyancy
into consideration, determined the wltimate
amount of skin-friction resistanced eveloped

total .

by the test pile. The puli uplift curve, for
55 fect penetration, as shown on Figure 4,
is also similar to the load settlement curve,

The ultimate test-load on the test-pile
reduced by the ultimaté amount of skin-
friction developed by thé test-pile, as deter-
mined above, gave the ultimate amount of
point-bearing developed by the test-pile.

Determination of Ulilmate Load from Tests

Ultimate bearing capacity of a pile may
be defined as a load beyond - which the pile
indicates perceptible penetration into its
bearing strata. Many arbitrary or empirical
fules have been used or are contained in
different codes to serve as criteria for ascer-
taing the ultimate load and finding ths
gross/permanent settlements from the load
test observations. Conclusions drawn from
some of the rules rccommending final
allowances ot settlements for satisafactory
pite—_]oad test are summarized as below :

Name of Authority

M @)

5. Nao.

Description of Criteria

= ot

1. Department of Public Works, State of
California.

2. American Association of State Highway
Officials (A.A.5.H.0.)

3. Building Laws of the City of New York.

4, Dr, R. L. Nordiund, Raymond Concrete

Pile Company.
5. Louisiana Department of Highways.

Bureau of Bridges, State of Ohio.
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Gross settlement, including elastic deform-
ation of pile, is not more than 0.0l inch
per ton of test load.

Permanent settlement under test load, after
a continuous application for 48 hours, must

‘not be more than 0.25 inches.

The total permanent seitlement under test
load maintained for 24 hours should be less
than 0.01 inch per ton of total test load.

Gross settlement not to exceed 005 inch
per ton of additional load.

Permanent settlement not to excced 0.25
inch after 48 houts under test load.

Gross settlement not to exceed 0.03 inch
per ton of additional load,



The terms of total or gross settlement
and permanent settlement, as envisaged in
these rules may be defined as follows :-

Permanent Setflementi :

The settlement of the pile observed
when the rebound of the pile has completely
taken place, after releasing the test load
or ultimate load after 24 or 48 hours as
suggested by
reference to the original top elevation of
pile is identified as permanent settlement.

the respective code, with

Gross or Total Settlement

The settlement of the pile, including
the elastic deformation of pile, observed
after continuous application of test load or
ultimate load for 24 or 48 hours, 25 sugges-
ted by the respective code, is termed as
gross or total settlement of the pile. This
settlement  will also be referred to the
original top elevation of the pile.

Rule No. 2 that is the criterion of the
American Association of State Highway
Officials (A.A.8 H.0), which recommends
that permanent settlement should not excecd
one quarter of an inch, under test load or
ultimate load, has proved very rational and
justifiable, and has besn followed for
determining the ultimate load capacity in
all pile-load tests executed om the various
link canals constructed under the indus
Basin Project. The perusal of summary of
observations for test for 55 feet penstration,
as given in Table 3, indicates the pile
approaching failure at permanent setilement
of 0.26 inches, which is very mnear to (.25
inches, under load of 120 tons.

Determination of Pile - Length :
The embedded length of precast concrete
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pile or prestressed piles required to adequa-
tely support roadway bridges and agueducts
can be determined from the design curves
derived on the basis of pilg-load tests made
at the site. The design curves are plotted
using poiat bearing capacity and skin-
friction resistance of the piles as determined
in the field from pile-load tests. Pile lengths
for each structure are then derived from
the design curves which include a minimum
of safety factor of two and a sufficient
scour depth allowance. Pile lengths for the
roadway bridges and aqueducts of Taunsa-
Panjnad Link were derived fiom the design
curves, prepared from the data of the pile-
load test executed in the field, which inclu-
ded a minimum factor of safety of two and
a scour depth allowance of 12-feet, to resist
the theoretical load which the structure
would be subjected to in accerdance with
the loading criteria summarized in Column
(6) Figure 3. The effective load-carrying
length of piles was considersd to be the
length of pile below the design scour level
at each structure. Abutment piles extended
to the same level as 'he other bridge piles,
1% inches cxtra length, as an allowance for
e¢mbedment inte the pile cap, was provided
with each pile. A design summary correla-
ting ultirmate load bearing capacity of the
piles, as determined from the load test
curves, with the applicable design loads
computed for each structure is given on
Figure 3.
Recommendations and Conclusions

I. Test piles shall be of the same size
and materialsas the permanent piles and shall
be driven with the same equipment and in
the same manner as specified for permanent



piles. Test piles shall be driven and test
carried out in advance of the construction
of the permanent piles so that lengths for

casting may be determined.

2. A comprehensive record of pile-
driving equipment and operations, like that
of hammer, water-jeiting and penetrations,
must be vigilantly maintained ; for such
records are of paramount significance in

deriving conciusions {rom pile-load tests.

3. Duricg the operations of jetting
and driving, the natural soil conditions of
stratum surrounding the piles are suffici-
ently disturbed; and as a consequence, point
bearing capacity and skin-friction are sub-
stantially reduced. Occasionally, it has been
observed that bearing capacity of piles in
sand decreases conspicuously during the
first 2 to 3 days after driving. To avoid the
adverse cffects of this phenomenon, pile
Joad testshould be commenced after at least
72 hours of the driving of the piles.

4, In this method of pile-load test, the
pull if any, on the anchor piles will reduce
the settlement of the test pile. It is, there-
fore, guite significant that during the per-
formance of the pile Ioad test the movement
of the two anchor piles should be checked
very frequently under each application of
load to verify that the anchor piles are not
yielding upwardly. Conversely, the down-
ward settlement of the anchor piles would
effect the uplift of the test pile during the
pulling test. In view of the foregoing facts,
the anchor piles should be driven to the
maximum possible depth to preclude their
movement under the application of various
loads during pile-load tests
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5. A minimum period of two hours
should intervene between the application of
each increment of load except that no incre-
ment should be added until a settlement of
less than 0 0005 of inch is obszrved for a
15 minutes iaterval under the previously
applied increment.

6.
the load must be kept constant.

7. The test load or uliimate load must

During each application of load,

bs maintained on the piie for at least forty-
cight hours continuously.

8. Ifthereis a question whether the
tast pile will support the test load, the load
increment shoun!d be reduged by 507, in
order tha; a more closely controlled failurs
curve may be plotied.

9. To avoid anomaly of stresses in the
cross-jack-beam, the hydraulic jacks should
be
decreasing the ioads.

10. Rizid type of steel frame arms, to
be conascied with the dzllzction gauges,

equally operated while increasing or

must, be tigitly fixed with the piles and the
gauges kept pretty clean as the deposition

of dust particles etc, may affect their
efficiency.
1. Whils taking final-penctration

reading the number of strokes of hammer
per minute should always be noted on
pile-driving reports, particalarly il for an
unavoidable reason the spzed is less than
the maximum specitied, for if the speed has
fallen off and is not noted, the energy is
treduced and the smaller penetration obtain-

ed will indicate falsely high beariag
values,
12. The gzneral geological history and

careful examination of the boring results



of the entire site dessrve special atiention

before preparing the pile length schedule
It is difficult

on the basis of pile-load tests.
to be surc of safe resunits if the character of
the strata along the pile and below the point
are not known.

Pile-Driving Formulae @

Where = possible,

driven and loading tests carried out before
construction is taken in hand. If the execu-

test . piles: shall be

tion of these tests is not possible or econo-
mical, the approximate bearing capacity of
piles may be determined from the following
formulae : :
Engineering News Formula ¢

The Engineering Wews Formula was
initially derived to be used with drop ham-
This formula, later on, became very
popular Unijted States of America.
According to this formula :
2 WrH
S+ C
Ultimate load capacity of
pile in pounds.

mers.
in

R
R

where

Weight of striking parts
of hammers in pousds or
in the case of double-act-

Wr o=

ing hammers, the weight

of the striking parts of the
hammers plus the area of
the piston in square inches
times the pressure on the

piston in pounds per sq.

inch.

Drop of hammer or

piston stroke, in feet.

Average peretration, per

blow for the last § to 10

blows of gravity hammers,

or for the last 10 to 20

blows of steam or air
. hammers in inches,

A constant to aliow for

energy losses depending -

upon the type of hammer,

taken as 100 for drop

hammers and 010 f{or
- steam or air hammers,

On account of the shorter interval
between blows which presumably allowed
less chance for set up between the soil and
the pile, the author of the formula reduced
the value of C from 1 to 0.1 in case of
single/double acting steam hammers.

The foregoing formula rewritien for
allowable load after incorporating safety

factor (Fs) of 6 will be as follows :-

Drop Hammers :

12 .Wr . H
2 - b2 S B
s 4+ 1
Single acting Steam or Air Hamer
Er o Wr o H
& - 8 + 0
Double and differential-acting Steam
Hammers,
1IZH{Wr + Ap)
R = =Sgagn

Assuming the allowable load on the
test pile is 50%
ultimate capacity, the proper value of Fs s
computed. This formula with proper value
of Fs, substituted therein, is used in determ-
ining what the value of S (as defined above)
has to be the resuit in an allowable or
desizn pile load (Ra). Accordingly it can
be determined at what depth of penetration
the test pile .dcvlcloped the required design

of the above determined

.from the pile driving resistance diagram.

In this formula the losses du¢ to imp-
act are neglected and the elastic losses in
cap. pile and soil are not given full consi-
deration,



Furthermore, ultimate bearing capacity
given by this formula is also independent
of depth. Experience has ' shown that
ultimate bearing capacity of friction piles
is directly proportional to the length of the
piles. This fact strictly excludes the appli-
cation of this formula to friction piles in
soft silt or ciay. Besides these limitations,
this formula contains no term to express
properties, length and weight of pile, altho-
ugh it is certain that some of these proper-
ties have a prominent influence on the
efiect of the hammer blow.

“D" Type Delmag Diesel Piling Formuls ¢

This formula, as given below, contains
all necessary terms lackirg in the Engincer-
ing News Formula and may be used for
Delmag Diesel hammers. Resistance of pile
to penetration is given by :-

ER

W =
167.5 (t-C.L) (R + Q)
= short tons
where W o= Fesistance of pile to
penetzation in short {ons
{2060 1bs)
E = Potential  engrgy of
impact in ft. 1hs.
R = Weight of hammer in
ibs.
Q = Weight of pile in Ibs.
T o= Penetration of  pile
under the last blow in
inches.
£ ws Springness of pile and
earth in inches/I - ft
length of pile — 0.0036
for concrete and steel
pile and -~ 0.0072 for
timber piles,
E = Length of pile in ft.
t = is determined from the

pengiration T under the
last 10 blows, so that
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t= T/10. Due to higher freguency blows of
diesel .hammers they remain economical in
operation even if the penetration under last
blow drops to 0.02° . ...~ 0.04".

The foregoing formula is developed by
the manufactures of *D” Type Delmag
Hammers, These hammers are one of the
most efiicient hammers used in the field of
pile driving.

Practical
shown that
formulae, give sometimes o approximate
results which can hardly be relied upon for
Hence, on large jobs good

experience, however, has

the application of all such

big projects.
engincering practice calls for determining
the ultimate bearing capacity by mesans of
load tests on full-sized piles,

Pile D¥riving and Testing Eguipment

The most suitable type of pile-driving
plant depends much on conditions such as
the number, length, spacing, and weight of
piles ; depth  of excavation, cribbing, or
water. Availability and cost of purchase
of rental may be a factor in selection of
hammer and rig.

The selection of proper type and weight
of hammer is of substansive significance
for any pile-driving project. Piles shall be
driven with the heaviest hammer that can
be used to secure maximum penetration
without appreciable damage to the piles.

Pile - Driving Hammers

The drop hammers can be improvised
and used for driving the piles of shorter
lengths. The drop hammer consists of a
weight which is raised by rope running
over the top of a pully mounted on frame-
work ; and extending to a drum or geared



shaft. The hammer is operated by releasing
the drum to allow the rope to be unwired.
Where a drop hammer is used the striking
ram shall weigh not less than 3,000 lbs.
The fall shall be so regulated as to avoid
injury to the pile.

Steam or Alr Hammers

Steam hammers are of three different
types. The hammers in which the steam or
air is used to raise the striking part which
thereafier drops by gravity only are called
single-acting  steam hammers ; while the
hammers which employ steam or air to raize
the striking part and also to impart additio-
nal energy during the down stroke are
classified as double acting steam hammers.
The third type, that is, differential-acting
steam hammers also employ steam or air to
raise the siriking part and impart additional
encrgy during down-stroke. This type of
hammers are claimed by the manufacturers
te combine the advantages of both single
The
range of ram weight is the same as for
single acting hammers, while the oumber
cf blows a minute approach those for
double acting hammers, Double-acting
and differential-acting hammers should be

acting and double acting hammers.

run at full listed speed, since the nst avail-
able energy at the pile tip falls off rapidly
at lesser speed, particularly in the case of
undersized hammers, Steamjair hammers
have substantiated good performance on the

following projects in West Pakistan.

Mekiernan-Terry, Model 9B-3, double-
acting, air operated, were used for driving
15 inch square precast concrete piles on
Trimmu-Sidhnai and Qadirabad-Balloki
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Link Canals. Air operated, double-acting
Mekiernan-Terry type-C5 was deployed for
driving 22 inch octagonal prestressed piles
on Résq}-Qadirabad Link Canal. Air-
operated, single-acting, Vulcan Model 08
type hammer was also used for driving
precast concrete piles on Trimmu-Sidhnai
Link Canal. Air operated Mekiernan Terry
Model 9B-3-MK T hammer was used for
driving 22 inch square precast concrete piles
on Chasma-Jhelum Link,

Diesel Hammers

Diesel hammers can be advantageously
deployed for driving heavy weight precast
or prestressed concrete piles. Principal
makes on the United States market are the
Delmag, Link-Belt speeder and Mekiernan-
Terry.

less than steam hammers, are free of the
¥

These hammers weigh considerably

need of boilers or compressors, are more
mobile ; use only a gallon er two of fuel
per hour, have less maintenance, and
operale at low temperatures, Diesel ham-
mers, all the same, being basically single-
Length of

Delmag and Meckiernan-Terry

acting depsnd on a long drop.
diesels
compare favourably with correspondingly
larger

also

rated steamfair hammers but are
than double-acting hammers and
require space for the rising of rams. Link-
Belts. being closed on the top, are somewhat
shorter in length,
ever, are¢ not fast, although Link-Belt are
considerably faster than Delmag or Mckier-
nan-Terry hammers.

The length of strokes is proportional

Diesel hammers, how-

to the pile resistance. Hencs for increased
driving resistance, the effectiveness of the

hammer will be increased. This is particu-



larly true for the Delmag and Mckieranan-
Tarry bhammers, which depend entirely on
ran impact for ignition ; in this fact also
lies the greatest weakness of diesel ham-
mers, namely, difficulty of rating the energy
and operating in soft driving. Delmag
D-22 type hammers have been successfully
used for driving 18 inch square precast
concrete piles, varying from 70 to 90 fect
in length, for the construction of all types
of bridges on Qadirabad-Balloki, Suleman-
ki I and Taunsa-Panjnad Link Canals.

@

22 inch octagonal prestressed concrete
piles used for founding roadway bridges on
Rasul-Qadirabad Link, were driven with
Link Belt Model 520,

In the selection of a pile-driving. ham-
mer, the ideal solution is a small, light,
self-contained and self activated hammer.
The diesel hammer is bidding for this field.

Operating data for some hammers
popular in the field of pile driving is given
in Tables 5 through 8§,
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TABLE - 1 PILE DRIVING RECQORD

Project :-—Taunsa-Panjnad Link Capal.

Location R.ID. 29 + 766,75 - Date 1 4.4.1958

Structure A.R. Bridge. Location of Pile in Bent, D/S Ist Pile
Bent No. R/S Abutment.  Length of Pile : 85 ft.

Pile Serial MNo. 3 '

Type of Driving Hammer Delmag D-22

Initial Depth of Jetting. %5 fi. N.S.L. 438.75 )
Template R.L. = 444,15
Time Fepgt Blows per Foot Femarks
14 48 o - Initial water jetting started
1615 &3 — Initial water jetting stopped
16.18 — — Pile dropped.
35 —_— Free Fall.
ingg G0 — Hammering started.
62 5
63 14
o4 20
05 2
66 25
a7 53
16,73 67.5 35 Hammering stopped.
T8.24 o i L(8 Jetting started.
3645 s — R/S Jetting started.
16 58 6F 10 Hammering started.
GO 14
T 2
H 31
72 38
73 46
74 37
75 6{)
Th 62
7 60
78 [
Ty 53
a0 55
a1 54
81.75 40
17.13 — : — Hammering stopped.
1737 — — Hammering started again.
82 23 :
1 82125 65
17.20 — — Hammering stopped.

Note —Hammering stopped because the pile refused further penetratior.

Incharge Overseer.
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TABLE - 2 : PILE LOAD - TEST RECORD

Project := Taunsa-Panjnad Link Canal Date of Commencemeant 20-8-68
Locatien : V.R. Bridge-cum-Aquednct Date of Completion o 1-9-63
RD. 394380
Make and Model of Pile-Driving
Hammer Declmag D-22 Observation
Recorded by Ghulam Hussain
Test Pile Tip Below Observation checked by
M. 8. L. 55 feet 5. M. H, Mashhadi
Gauge Reading
Description u/s D/s : 1
of Loading P Test Anc{hur Time | Date Femarks
Pile Pile Pile
(i) (2) (3) (4) (5 (6 (7)
l. No. Lead 0.5580 0.0500 0.5350 09.32 29-8-68 36 Tons is the
56 Tons Designed load,
28 tomns on each jack,
(i) 0.5660 0.1350 0.4900 12.00 -do-
(ii) 0.5350 0.1350 0.4830 12.15 -do-
(iii) 0,5490 0.1350 0.4300 12,30 -do-
(iv) 0.5550 0.1350 0.4900 1245 -do-
(v} 0.5550 0.1350 0.4910 13.00 -do-
[wi) 0.5560 0.1350 0,4910 13.15 -do-
(vii) 0.5565 0.1360 0.4925  13.30 -do-
(viii) 0.5580 0.1375 0.49235 13.45 -do-
(ix) 0.5565 0.1360 0.4912  14.00 -do-
2. Unload 0.5500 0.1229 0.5200 14.00 -do-
After 13 0.5502 0.1220 0.5215 14.15 -do-
Minutes
67.50 Tons 0.5555 0.1580 0.4932 14.20 -do- After adding first
5k i e —_ — —  increment of 21.50
— - - e e — toms total load
became 67.50 tons
Continued :s 33.75 tops on each

— — jack

Addition and release of loads, and observation of the behaviour of piles from the
gauges connected, therewith were continued on similar pattern till the ultimate load
capacity of the test-pile was determined.
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TABLE - 3 TAUNSA-PANJNAD LINK CANAL-PILE LOAD TEST-STATEMENT-
SHOWING CROS5S AND PERMANENT SETTLEMENT UNDER VARIOUS
LOADING CONDITIONS WITH 55 - FOOT PILE PENETRATION.

Continuous Cross Permanent
Description of Operation Gauge Settlement Settlement
’ Reading (inches) (inches)

(h (2) (3) (4)
Initial gauge reading with no load 0.0500 -— =
Gauge reading after applying 56 tons
for 2 hours 0.136 -— P
Gauge reading after unloading 56 tons 0.122 —_ 0.072
Gauge readtng after applying 67.50
tons for 2 hours. 0.1575 0.1075 —
Gauge reading after unloading 67.50 tons (.1545 — 0.1045
Gauge reading after applying 78.75
tons for 2 hours 0.1645 0.1145 —
Gauge reading after unloading
78.75 tons 0. 1598 —_ 01098
Gauge reading after applying 90 tons
for 2 bours. 0.1935 0.1435 —
Gauge reading after unloading 90 tons 0.066 - G.c16
Gauge reading after applying
100 tons for 2 hours 0.1990 0.1453 —
Gauge reading after unloading 100 tons 0.069 — 0.019

a
Gauge reading after a‘pplying( }
112 tons for 48 hours. 0.2370 0.187 —
Gauge reading after unloading 112 tons 0.093 — 0.043
Gauge reading after applying
120 tons for 2 hours 0.5153 0.4633 —
5 : (c) ' (b)

Gauge reading after unloading 120 tons 0.295 r— 0.246
Gauge reading after applying
125 tons for 2 hours 0.7334 0.6834 —
Gauge reading after unloading 125 tons  0.5515 - 05015

(a) 112 tons is design test load.

(b) Permanent settlement 0.246 inch, being very near to (.25 inch. indicates that 120
tons load is failure-load or ultimate load bearing capacity of the test pile.

(¢) This reading indicates the position when the pile has completely ceased to rebound.
After unloading, the pile may continue to rebound for two-three hours depending

upon the characteristics of the surrounding soil.

(d) In addition to the above loads, the test pile was also subjected to the zelf-load,

loads of two jacks, and jack-blocks, which was about 10 tons.

Accordingly, the

ultimate load bearing capacity of the test pile is reckoned as 125 tons, being on

the safer side.
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TABLE - 4

PILE DRIVING AND LOAD-TESTING EQUIPMENT
TAUNSA-PANINAD LINK CANAL

Country of

Cuantity Equipment .1 Manufacturer Mgl netier
(1} (2) (3} (4)
i Crane, P & H 430, T.C. Kobe - Steel Japan
Works
1 Pile Driving Hammer, Delmag Delmag LS A
Model D-22, Diesel Operated
1 Telescopic lead alongwith Kobe - Steel Japan
other Attachments Works
- Two-Stage Centrifugal Pump Aurora . XK.
1 Electric Motor for Pump 40-H.P. Crompton kK,
Parkinson
2 Hydraulic-Jack-120 tons —_ ' L. 8. A.
1 Electric-Operaied Winch = Pakistan
1 Electric Motor for Winch 10-H.P. Decent Pakistan
1 l.oad Application Assembly Site Pakistan
Improvised from Sieel Girders Workshop
1 Welding Set, Petbow Pethow U. K.
l Oxy-Acet-line Torch —_ Germany
1 Ruston denerating Set, KW-30 Ruston & U. K.

A set of Soliddrawn seemless
Steel 3 inch dia. Jedting Pipe
90 feet long, with Helically
Reinforced Rubber Hoise Pipe
3 inches dia., 150 feet long.
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TABLE -5 MCKIERNAN-TERRY DOUBLE - ACTING STREAM/JAIR HAMMERS

Item __Size of Hammer
9-B-3 | 10-B-3 | 1I-B-3 | o=
(1) (2) (3) (4) (3)

Normal stroke (h), in. 17 19 19 18
Ram, Weight (W,), Ib. 1,600 3,000 5,000 5,000
Casing, weight (Wc), Ib. 5,070 7.225 8,182 6,280
Manufacturer’s rated
energy per blow (E,) ft. Ib. 8,750 13,000 19,150 16,000
Stroke per min. 145 105 95 100-110
Anvil, weight, Ib.
Flat 33p 625 218
Cup or bell - 342 726 991
Fecommended steam pressure at boiler
Or air pressure at compressor, psi. 25 125 125 125
Steam or air pressure at hammer, psi 100 102 100 100
Size of boiler, hp 45 50 60 45
Compressed air, ¢fm 600 750 Go 585
Hose size, in. 2 2% 23 21
TABLE - 6 LINK BELT SPEEDER DIESEL HAMMERS

Item Size of Hammer

05 b si2 s
(1) (2) (3) (4)

Maximum stroke (h), in. to 38 to 36 Lo 48
Idiing strokes, no impact, in. 14 16 22-24
Ram, weight (W,) Ib. 1,460 3,800 5,000
Casing weight (W,), Ib. 1,845 5,010 6,120
Manufacturer’s rated energy
per blow (E,), ft-Ib. Upto 7,500 Upto 18,000 Upto 30,000
Stroke per min. 9C-98 100-105 80-84
Over-all length ft, 10,17 10,75 13.50
Min width of leads usable
with hammer, in, 18.5 26.5 26.5
Diesel fuel, gal. per hr. 0.5 2.5 3.5
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TABLE -7 MCKIERNAN-TERRY DIESEL HAMMERS
I[tem _ Sizeof Hammer
DE 20 i DE 30
(1) (2) (3)
Stroke (h), in. 48-806 45-96
Ram, weight (W,), Ib. 2,000 2,8000
Casting weight {W¢), Ib. 3,750 5,325
Manuf ac.turar‘s rated cnergy per
blow (E,) ft-Ib.
T TR 12,000 16,300
Y 27 SRR S 16,000 22,400
Stroke per min. 48-52 43-52
Over-all length, ft. 11.67 14
Diesel fuel, gal. per hr. 1.6 2

TABLE - § DELMAG DIESEL PILE HAMMERS
ITtem _ ool 208 cof W8 pdEs p
D-5 | P12 T D2
(1) 2) 3) @

Total weight, b 2,220 4940. . B, 800

Ram weight (W,), Ib. 1,100 2,750 4,850

Manufacturer’s rated energy (E,) '

ft-Ib. per blow 9,100 22,500 39,700

Stroke per min. 50-56 50-60 50-60

Over-all length, ft. 1125 12,25 12.83

Diesel fuel, gal. per hr. 0.67 1.75 3.33
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ULTIMATE LSAD IN KIPS

T 300

55' Panelrelion

Foilure 125 Tons
{270 Kips)

4% Penctratian

Failure 90 Tans
20D Kips)

L

) i
0% 0.2 0.25 0.3
PERMANENT SETTLEMENT IN INCHES
Fiqure:- 3 TAUNSA-PANJMAD LINK CANAL
PILE LOAD TEST-LOAD-SETTLEMENT CURVE
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Fallure 100 Kips
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General Section



1. TIntrodention :

Engineers are always concerned with
the design, construction and management
of projects which vary widely in nature,
size, cost and benefits. It is very important,
therefore, that due consideration is given to
the costs and benefits from the very incep-
tion of a project ; to the evaluation of
various alternatives which are considered
in its initial stages ; and to the control of
its costs when being implemented or const-
ructed. It is important that the significance
of carrying out a soundly-based evaluation
and of knowing the sensitivity of the
evaluation to possible changes in future
costs of the work through many causes, is
properly understood.

It is at the student stage of a project
manager's development that the seeds of
“Cost consciousness”™ should first be sown
if they are to bear the most prolific crop.
This arucle is meant for the young practic-
ing engineers and managers incharge of
projects both in public and private sectors
to make them cost conscious. An effort
has been made to give some idea of the
existing methods of project evzluation
alongwith the past practice.

2. Fconomics of Projects :

All business enterprise is governed by
certain economic laws which are the result

Cost Benefit Analysis

by
MR. ASRAR AHMED QURESHI
Deputy Chief Engineer, WAPDA

of interaction between people and wealth,
Ecanomies is a Social Science which deals
with people and their money. Alternatively,
it is the study of wealth, its value, creation
and distribution. FEconomics can also be
defined as means to obtain the best value
or making the best use out of the limited
resources taat are available.

One of the outslanding characteristics
of the work of an Engineer is that it results
in products or Services within cost limita-
tions to be utilized economically by man-
kind. Economics and basic economic laws
are, therefore, important factors in many
economy studies. Engineers frequently
have difficulty with economics. This is
because of the fact that economics is not an
¢xact science like mathematics, physics, ete.
with which they are accustcmed to deal
with. Since economics involves the reac-
tions of people, its laws are based on the
behaviour or reactions of groups of people
described in general terms.
mic laws are generalised laws or generali-
zations.

For a successful Engineer, knowledg:
cf certain economics is a “Must”, FEngine-
ers, as a group, probably do more than zny
other to better the economic status of 1'.2
people through their inventions and tecli:-
ques. I their work they utilize capital -

The author delivered this leciure at National Institute of Public Admipistration, Lahore on i3.7.1974.

Thus econg- -



various forms, the most important being
the mioney, other being labour aad.
materials. 5 0 03

Money is recognized as an engineering
material like Steel, Cement, etc. and Engin-
ccrs and Project Managers are held respon-
sible and accountable for its use. An
Engineer is required to examine all aspects,
technical, economic, financial, managerial,
commiercial, ete. before embarking upon a
project. To make a decision if a project is
viable or not, he calculates the raic of
return and compares it with the minimum
rate that is acceptable.

When a young engineer after comple-
ting his education enters upon his profes-
sional career in industry, onc of the most
immediate and sometimes difficult, adjust-
ments he must make is the recognition that
money is an essential material in almost
every design that he creates. Decidedly,
he cannot hope to achieve a high level of
professional success unless he deals with
money as effectively as he does with the
other materials he uses in his projecis.

The importance of money as an engine-
ering material may be illustrated by the
fact that in order to furnish the plant,
equipment and tools which are necessary
to provide a job for one worker in industry
in the United States, someone must accu-
mulate and invest, on the average, over
£10,000. The requirement of a large invest-
ment of capital per worker is one of the
outstanding characteristics of modern indus-
trial economy,

- A construction contractor’s site manager
is faced with the economic problem in many

situations. He almost certainly has limited
resources, labour andfor equipment. In
the event of a conflict of demand for the
resources which are available the manager
must make a decision as to how he can
distribute them most economically to the
various wants.

The use of economic theory and prac-
tice in this context is concerned with putting
limited resources to their best use in order
to produce goods and services which are
significantly based to give a good return
and prove to be the best cost benefit organ
during operation.

3. Requiremeﬁtsi of an Economy Study of
an Enginceriag Project :-

1. Itshould be based on considera-

tion of all available factors.

2. When some factors must be esti-
mated, these estimates should be
made intelligently, in the lLight of
experience and sound judgment.
The study shouid show a measure
of financial efficiency such as the
annual rate of return upon the
required investment,

4. Insofar as they apply correctly,
the study should make use of the
same factors that the accountant
will use in determining the finan-
cial efficiency of the investment
after it is made.

5. The study should contain a recom-
mended course of action, together
with the reasons for the recom-
mendation.

Ll

Studiss made in this manner will assure
that those who must make investment



decisions related to engineering projects
will have the necessary facts for optimum
utilization of capital funds.

4, Human Factor in Economic Planning :-

Relationship of the human individual
to the project is a factor which has tremen-
dous effect upon the economy of an engine-
cring undertaking. Engineering Organiza-
tion and Industry are becoming increasingly
conscious of this fact. Human element
cannot be written down in an equation or
a set of rules, nor caa it be accurately
predicted at all times, yet it may be so great
as to outweigh all other factors. Much
of the knowledge of this factor is learnt

only through long, and sometimes bitter

experience. Aslong as it is pr'asent, the
engineer can ill-afford to close his eyes on
it. The reaction of puhlir:'to a new engine-
cring product or the effect of bad relation-
ship betweea labour and management are
just two examples of this factor. An old
saying “You can't fool all the people all
the time” may be paraphrased as *It s
foolish to disregard any of the people any
of the time”. The engineer maust not
neglect the human factor in his engincering
cconomy.

5. Accountant and Economist -

It is very important that the functions
of the two which are so different and yet
frequently confused are clearly understood.

The traditional accountant’s role is
essentially that of recording historic data
which ensures an honest account of showing
where from the funds used have been obtaj-
ned and to where and on what they were
spent. His account is displayed in a balance
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sheet which covers a restricted period of 12
months. The main outcome of the balance
sheet is to know whether the accounting
periods, trading has resulted in a profit or a
loss. In summary, the accountant is con-
cerned with the establishment of the profit
or loss for a discreet accounting period
in the past.

An economist on the other hand is
concerned with taking possible steps to
make sure that money invested in a project
will bring an acceptable return or yield
before the final decision to invest is taken.
He is conccrned with obtaining forecast of
what is likely to happen throughout the
life of the proposed investment project in
order to aid the decision-making process,

Most people think that the functions
of each as being in opposition but it is not
so. It is necessary that cach understands
the other’s point of view and his method
of working since both within a company,
or an organization are concerned to achisve
its objectives.

6. Calculation of Profits :
Under the capitalistic system profits
must be earned to assure that needed capital
is available. Profit is defined as excess of
income over expenses and thus,
Profit = Income - Expenses , .

. (1)

Such a generalized eqﬁatiun is not suffici-
ently specific to indicate the various factors
that muost be considered in determining pro-
fit. Both profit and expense are complex.

Two classes of proﬁ't are of interest in
economic studies. The first is profit before
income taxes, while the other is profit after
income taxes.



Expenses may conveniently be divided
into several classes as follows :

O-+M = Out-of-pocket expenses for
operation and maintenance.
D = Depreciation, always pre-
paid through purchase of
property, buildings or
equipment.
1 = Interest paid for the use of
borrowed funds,
T = Income Tax (not an ordinary

expense, since they depend
upon prefits remaining after
other expenses are paid).
Using this notation, Equation can be
rewritten in more specific form as follows :

Ea = G-(O+M+D+1)-T...(2)

where Ea = Net profits (or earnings) after
taxes
and G = Gross income or receipts
Since interest paid for the use of

borrowed capital is included as an expense,
the prefits shown in equation above are
those belonging to the owners of the equity
capital. Engineering economy studies deal
with all of the factors in Equation in order
to determine what course of action should
be followed to assure optimum efficiency
in the use of capital.

7. The vse of Cost-benefit Analysis for

Evaluation of Individual Projects :-

Cost Benefit Anpalysis in its present
sophisticated form it is a comparatively
Before the country
embarked on planned - development, the
practice in vogue for establishing the

recent development,
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justification of an irrigation project for
example, was to apply to it what was
known as the “Financial productivity test”.
This test was based on a straight comparison
of most elementary items of visible expen-
diture and revenues (income) of the project,
The expenditure was taken as :-
(i) Annual Maintenance and Oper-
ation Costs, and
(ii) Interest charges.

The revenue (incom:) was considered

as the vearly water ta. and land revenue

paid by the prospective cultivators. The
project was termed ‘Productive” and
*Justified” if after ten vyears of its

cornpletion it was able to earn révenues
sufiicient to meet the working expenscs
plus a minimum of four per cent to cover
interest on the *“‘Sum at Charge” or the
capital cost. The “Sum at Charge’ being
defined as the direct cost of construction
plus the accumulated arrears of simple
interest up to the 10 year of the com-
missioning of the project. The capital
cost of the project was never recovered
and was treated as a perpetual debt on the
that the had
life

perpetually through normal maisntenance.

assumption project an

unlimited and could be operated
This criterion was perhaps good enough
for application to an isolated project at a
lime when construction costs were low and
waters need'd for irrigation could easily
be obtained from the rivers through simple
diversion weirs with almost unlimited life ;
when the pace of development was slow,
and not many projects were competing for
development funds at ome time. It has,
Lowever, very limited application left in



the changed conditions of planned develop-
ment designed to achieve balance growth
of the economy as a whole. .

Cost benefit ratios of projects, properly
worked out, enable us, unlike the old
“Rate of Return” formula, not only to
assess the economic worth of individual
projects but also to determine which of
the several projects designed to serve
different purposes would confer the largest
net bepefits on the economy as a whole.
Cost benefit analysis, as a technique, would
also permit us to assign priorities or to
decide on the relative economic ranking
of prejects in the same field, to compare
the economic worth of projects in different
fields, and to determine what should be the
optimum size of projects or programmes.

It is not always casy to determine what
constitutes the total benefit of a project
and what its total cost. In quite a pumber
of fields like Education and Health the
benefits of a projeet are not quantitatively
measureable: In the case of other projects
like those in the field of Water and Power,
Trensport and Comimunications there may
result external economics in addition to
direct benefits,

The costs are usually divided into
Capital Costs, Fixed Annual Charges and
Annual Operating Costs which are briefly
explained as under :-

Capital Cosis
Machinery, Plant, etc.
Structures

Land

Fixed Annual Chiarges

Interest

Replacement ;
Structures
Generating Units

Insurance
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Annuoal Operating Costs

Fuel

Operating Staff

Supplies

Maintenance
4. Example:

The foregoing can be better understood
by the following example :-

It is proposed to install a2 75 KVA
Generating Set at a certain location. There
can be two aliernatives. Install a Hydro-
Electric Generating Sct, if the required
quantity of Vater and
alternatively « Dies . Generating Sect can
be installed. The Capital Costs, Fixed
Anpual Charges and Annual Maintenance

for each type of

1l are available or

and Operation Costs
installation are estimated on present day

prevailing prices as under :-

Description 75 KY 75 KVA
Hydro- Diesel
Flant Rs. FPlant Rs,
Capital Costs :
Generating Unit  1,47,000 40,000
Structures 4,59 000 25,000
Land 12,000 5,000
Total :  6,18,000 1,20,000
Fixed Annual Charges :
Interest @t 4% 24 720 4,800

*Replacement ; % Structure @ 0 6% - 2,760 ]

Gen. Unit@ 1.3% 1,910

i @ 6% - 150

(@ 24% - LIS A
Insurance @ 9.25% 370 215
Total : 29,760 7,350

Apnual Maintenaoce and Operation Costs :

** Fuel — 2,50,000
Operating Staff 7,500 5,000
Supplies 1,000 3,000
Maintenance 1,240 2,000

49,740 60,000

Tuatal : rl;
35,500 2,67,350

Total Annual Charges



Notes :-
Hydel Plant :

* Generating life @ 35 years and struc-
tures life @ 50 years with equal annual
payments into sinking fund receiving
4% 1nterest.

Diesel Plant :

* Generator life @ 25 years and structure
life @ 50 years with equal annual
payn.ents 1nto sinking fund receiving
4%, interest.

**Based on 3,23,000 KWH generation
during the ycar operating at 509 load
factor.

Annuzl Preduction of Energy :
Assuming a load factor of 50% within
5 years, the total number of units produced

annually = .?:53‘.3';}9@11“2;@55[}

- = 3,24,000 RWH

{Units of Energy)

Cost Per Unit of Epergy Generated :

TS KVA 75 KVA
Hydro-Flant Diesel Flant
) " Energy Energy
Fixed Anpugl
Charges Rs. 29,760 Rs. 7,350

Annual Maintenance

and Operation Costs Rs. 9,740 Rs, 2,60,000
Total Annual

Charges . Rs. 39,500 Rs. 2,67,350
Unit Cost (for pro- Rs. 0.12 Rs. 0.83

ducing 3,24,000
KWH annually)
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From the above, it is abyious that in
the case of a company or organization,
producing electricity at Rs. 0.12 rupees
{Paisa Twelve) per unit, and selling it to
the consumers @ Res. 025 (Paisa Twenty-
five) the benefit-cost ratio

= 'Itota_l___]?ﬁynin gs _
Total Cost of Production

= 81,000 = 2.05 approx.
39,500
as Total Annv .l Earnin:
3,24,000 KWH x 0.2
= o = Rs. 81,000
‘Total Annual Costs Rs. 39,500

The above illustration .takes into
account only -direct benefits, which can be
There are
benefits

easily written down in figures.
numerous other socio-economic
which cannot be put down.in terms of
mobey such as improvement in the living
comfort of the people by providing a steady
supply of electricity for lighting and
heating, setting up of cottage industries,
providing for irrigation thereby
increasing farm prodoets, increased supply
of consumer goods to the area In place of
kerosene oil net needed any more : and

water

several other allied benefits.



INDEX TO THE CONSULTING ENGINEERS IN LAHORE

Sﬁf' Name Address Tﬂ;}?. ol
1. Engineering & Technical 65-Ferozepur Road 354136
Consultants 63578
81357
2. National Engineering 4th Floor,
Services Pak (NESPAK) Wapda House. 65051
3. Republic Engincering 76-E[I, Maia 82671
Corporation Boulevard 81103
Gulberg-111 83612
4. Sabasuns Technical Services 54-Main Gulberg 71647
5. Noon Qayum & Co. 1-Nursery Lane, 69344
Lawrence Road 58438
61817
6. Indus Associated 18-Maratab Ali 81589
Consultants Road, Gulberg-1V 21268
7. Allied Engineering Co. 19-A, Gulberg-11 81548
8. Associated Consulting 1-B/2, M.M, Alam Road 83655
Engineers (A.C.E.) Gulberg-111 33949
9. Ii-Alpak Consulting 94-D-1/A, 83244
Engineers Gulberg-I{1
10. United Consultants Ltd. 44-Waris Road. 53993
11. International Consulting Sunlight Building, 56871
Engineers. Shahrah-e-Quaid-e-Azam
Notes :- 1. Consulting Engineers not inc¢luded in the above index are requestsd to

send their particulars to the Chief Editor “Engineering News' for publi-

cation in the next issue of the Magazine.
2. Any change in the name, address or Telephone number of any firm may

also be promptly notified for carrying out a correction in the next issue.
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“And swallow not up your property
among yourselves by false means, nor seck
to gamn access thereby to the judges, so
that you may swallow up a part of the

property of men wrongfully !.lr}_uie _you
know™ : 188

5. You sh.,li not abuse your position or

power, nor accept illegal gratification of any
s0TtL.

& - L ,:: 5 “:‘ »
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“And speak straight words.” xxxiii : 70

6. You shall express your opinion on en-
gineering or other matters in a frank, open
and straightforward manmner.

/w“..b:l-l-’s '105%’“1_‘%—{1:};,
L‘ML: xJ—"’s """\

“*Avoid most of suspicion for surely sus-
picion in some casesis sin; and spy not nor
let some of you backbite others™, xlix : 12

ki

You shall not criticiseanother engineer’s
work without his knowledge, nor malign or
injurg his professional reputation.

g;_ar-: 2300, 2 5306 2895
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“And follow not that of which thou
hast no knowledge. Surely the hearing

and the sight and the heart, of ali these it
will be asked.” xvii : 36

8. Your professional advice shall be based
on full knowledge of the facts and honest
conviction, and you shall not write articles
or advertise in self-laudatory language or in
any manner derogatory to the dignity of the
profession.
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“And help one another in righteousness
and picty, and help not one another in
sin and aggression and keep your duty to
God.” Ve 2

9. You shall help one another in uphold-
ing and doing what is right, and shall not
associate with those who transgress and those
who indulge in unethical practices.

e "1-41".93‘
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“And whose affairs are decided by
counsel among themselves.” xlii ; 38

10. You shall decide matters of common
professional interest by mutual consultation.

".!
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*‘And hold fast by the covenant of God
all together and benot disunited.” iii ; 102

You shall strive individually and
collectm 'y to enhance the prestige of the
engineering profession by ordering your con-
duct in accordance with this Code of Ethics,
and shall not be disunited.
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Hyesons Group Of Industrles

Dockyard Road, West Wharf KA‘RACHI

M/s Hyesons Electric Company Ltd.

ABDUL HYE CHAMBERS
Dockyard Road, P. O, Box No. 5246

KARACHI-2

Telegrams : “HYLAMP” Telephones : 220881-5 Lines




