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introducing Foam Concrete to
Building Industry in Pakistan

By
Ashfaq Hasan¥, M.Sc. Engg. (London),
DIC {London}, B.Sc.Bngg. (Pb),
FIE (Pak)

BACKGROUND

Foam Concrete, as in well known, 1s a light weight Con-
crete in which reduction in weight is obtained by ent-
rapping gas bubbles. Foam Concrete differs from ordinary
dense concrete in the sense that it does not use stone
pebbles. The manufacture of Foam Concrete requires Cement,
Lime and sand all of which are abundantly available in
Pakistan. Gas bubbles are produced by adding Al-powder,
When water is added to the mixture of cement, lime, sand
and Al-powder, hydrogen gas 1s generated which promotes
the mass to swell in veolume - swelling being of the order
of 3 to 4 times the original volume of the mixture. The
product so obtained is cured under saturated steam pres-
sure after which it forms a chemically stable and strong
compound namely "Mono-calcium Silicate hydrate”. Foam
Concrete was first produced in a laboratory in Stockholm
in 1923-24 where the first plant was installed 1in 1929,
Since then, the product has gained quick popularity in
all the European Countries in different trade names. But
almeost all Eurcopean manufacturers have borrowed the tech-
nology from Sweden and by now according to rough estimate,
more than 150 plants producing about 2 million i of

Foam Concrete per day are already in operation in the
world. Foam Concrete is manufactured and marketted in
different trade names. For instance in Sweden and England,
it is marketted in the trade names of 'DUROX', 'YTONG' &
'SIPOREX' of which about 100 plants are functioning i, in.
various countries. In Poland, it is produced byby two
manufacturers under trade name of 'CEKOP' and 'UNIPOL'
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who have theidistinction of having installed more  than
50 plants of Foam Concrete in various countrles including
Egypt, Lebaniorn, : India and Kuwait. 'In Holand," Foam Con~
crete is manufactured under the trade name of 'CALSILOX'
who have installed 5 plants including one in Japan. In
Bulgaria, Foam Concrete is produced by a firm called
'Techno Export' whose process differs from all other pro-
cesses, and it is the only process which employes Carbon
Dioxide for curing of the product instead of autoclaving.
In Russia too, Foam Concrete is quite popular but its
details are not readily available for inclusion in this

paper.

Eversince its invéntion, the Foam Concrete has been ex-
tensively used in all types of buildings. In Sweden for
instance, about 70% of roofing in all industrial build -
ings constructed between -1960-62 consisted of Reinforced
Foam Concrete panels. In Liverpool, the Ford Motor Com-
pany used Reinforced Foam concrete slabs for roof over
an area of more than one million Sft., which is probably
the largest single example, Foam Concrete has also been
used in low cost housing in Congo, Mexico, Cuba and Bra-
zil. As wall panels, Foam Concrete has been used in high

rise building upto 11 storeys height in Sweden. The tal-
lest Building in Mexico known "Torre LATINO AMERICANA "
has made extensive use of Foam Concrete owing i 1ts

lightweight and high earthquake resistance. It is impos-
sible to recount all the instances of use of Foam Con-
crete in buildings in various parts of the world owingto
scanty literature but a fair idea can be had from the fact
that the total world production of Foam Concrete, which

is in the neighbourhood of 2 million Cft per day. How-
ever, some of the documented examples of use of'Siporex'
(one of the 6 commercial products) are given below for
interest:

i) Western Apartment Building Montreal Canada.

11} Tyre Factory in Vienezuela.

iii} Stalheim Hotel, Norway.
iv) Brabant Pavilion at the 1958 World Exhibition

in Brussels.

v) Fire resistance Qil Storage Building, Denmark.

4



vi) Ergee Holisery Factory Germany.
vii) Gardimex Factory at Ennis, Cop Clare, U.K.

viii) Borg-Warner Ltd., Factory Extension at Letch-
worth, Herts, England.

ix) House at Gracemount Drive, Edinburg.

X) Burdie house Church, Gracemount Drive,
Edinburgh.

xi) Aerograph Devilbiss Ltd., Factory at
Bournemouth, England.

xXii) Priory Acres' - Private house at St.Andrews,
England.

xiii) Houses for Basildon Development Corporation,
Essex, England.

xiv) Sch#eppes Production and Bottling Plant,
Gateshead, England.

%) Blackwood Hodge Depot at Cumbernauld, U.K.

xvi) 50,000 Sft Factory roof in Hertford-shire,
England.

According to one of the brochures of Siporex, more than
30 million sq.yards of roofing has been laid in Rein-
forced Foam Concrete Slabs. Therefore, Foam Concrete has
proved and established its utility over the course of

time. The material is dimensionally stable, has high
thermal insulation, good fire resistance and can be de-
signed to take live lcad upto 100 1lbs. per sq.ft. Foam
Concrete has the added advantage that it can be sawn,

chiselled, cut, drilled and nailed just like wood and its
density (weight per cubic foot) is almost equal to that
of timber.

MANUFACTURE OF FOAM CONCRETE

The Foam Concrete is being manufactured in various trade
names by various firms who also manufacture the equipment
required. Complete details of manufacturing processesare
generally a.trade secret. From the scanty description
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given in the pomphlets, sufficient informations can be
gathered which is briefly described below for interest:

i) Swedish Process

Foam Concrete is being manufactured in Sweden
since 1929 on the basis of research conducted
by Dr. AXEL ERIKSSON at Stockholm Institute of
Technology. The first factory was established
by Messrs DUROX in Sweden. Since then the ma-
terial gained considerable popularity and is
being manufactured under the trade names of
ETORGY; *SEIPOREXY and "DUROXNY, all of whom
have established their subsidiaries and plants
in various countries of the world. By now more
than 32 Siporex Plants and more than 35 Ytong
Plants are reported to have been installed in
various countries. All the processes utilize
cement, lime, sand for production of Foam Con-
crete in which Al-powder is used as gas gen-
erating agent. The exact quantities of materials
used py various processes 1s not known except
for Ytong whose ingrediants (by weight) for
Foam Concrete having density of 31 lbs/Cfr are
given below:-

Cement 0

Unslaked lime 4

Sand _ 11%

Al-powder 0.09% of totzl wk.

The manufacturing process involves wet grind-
ing ef sand inte a slurry which is stored in
specizl silo. The burnt lime (precrushed to 6
mm size) is ground in & separate Silo.Weighed
guantities of sand slurry, cement, lime along-
with AZl-powder and water are fed in a vertical
mixer, The liquid pasté is then poured .into

steel moulds and allowed to expand and harden,
after which the green Foam Concrete with mould
is tilted through 90° on end and the mould is
removed, leaving the vertical panel to rest on
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curing plate. The product is then cut wertical-
1y and horizontally by wire cutters and fed in-
to autoclave about 9 feet diameter and 120 feet
long and subjected to saturated steam pressure
of 17 atmospheres ‘for 12 houtrs. “The final* pro=
duct has a compressive strength of 215-850 psi
for dengitics rapging frem 25-40 1lbs per«CfE.In
preducing Reinforced Foam Concrete slabs,welded

steel mesh is coated with Cement Rubber Latex
before placing in the moulds.. The process is
fully mechanised involving a labour forge of

only 114 workers for a plant designed to pro-
duce 12,000 Cft Ytong Foam Concrete per day 1in
two shifts. The cost of complete plant imported
from Sweden is estimated to be about Rs.2.0crore
for production of 12,000 CLt Foam Cohcrete par
day. :

Diuteh Progcess

The process was developed by a Dutch Firm
"LOEVESTEIN GROUP" in 1953 having trade name
CALSILOX. &ince then, the firm has installed 3
plants in Holland one in France and one in Japan
The process involves grinding. of main consti-
tuents (i.e. cement, lime, sand in the ratio
1:2:7) to a fineness of "Wheat flour" in a ball
mill. The ground mixture is fed into Foam Con-.

crete Mixer alongwith Al-powder (0.08% by wei-

ght of dry material) and sufficient water, with
Teepol detergent at. the rate cf 0.5 1b per Cft
to reduce surface tension to bring it to thick
creamy consistency. The quantity of mixing water
required for the production of CALSILOX (inclu-
sive of steam) is reported to be 10 gallons per
Cft. The mix 1is then poured intc steel moulds
and left to dry and expand for about 3% hours.
The green Foam Concrete is then cut into blocks

by wire cutting machine without removing the
bottom of the mould. The Foam Concrete ( with
mould bottom) is then stacked in three tiers on
a trolley and is placed in an autoclave under
steam pressure of 12 atmosphere. The timc ye-

quired for curing of Foam Concrete in autoclave
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is reported to vary from 15-22 hours.The cured
Foam Concrete 1s reported to have a compres-
sive strength of 700-1000 psi depending upcn
the density (34 to 44 1lbs/Cft) when tested ih
dry state at 70°C.

The entire manufacturing process of drying the
ingredients ,weigh, batching, grinding and mix-
ing including cutting, handling and transport
is fully mechanised. The average guantity of
steel used in reinforced CALSILOX 1s about
2 lbs/Cft. The reinforcement is welded and is
coated with rust proof paint. (INERPOLDIN 4223)

of which % 1b is required for every lb. of
steel used. The total number of persons em-
ployed for producing CALSILOX varies from

55 to 108 for one shift work for a plant man-
ufacturing about 12,000 CEt of Foam Concrete
per day. The cost of importing the plant from
Holland is not known.

Polish Process

The process was developed by the manufac-
turers on "the basis of experience gained from
installation of a Swedish plant erected in
1949. Later on, the Polish Scientists and
technologists developed their own experience
and started manufacturing their own plants with
their own patent formula on the basis of the
Polish Universal Production Method by the
trade names CEKOP & UNIPOL.

a). - "CEROP"

More than 250 million Cft of Foam Con-

crete per year is being produced in 40
CEKOP plants in wvarious countries.The in-
gredients are basically the same as in
other processes. The mix consists of Ce-

ment: 1, Lime: 4 and sand: 18 by weightto
yield Foam Concrete of 44 1lbs/Cft.The in-
gredients are mixed and_ground together
in tube mill upto fineness of cement. The
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ground materials are fed in " a vertical
mixer alongwith 0.04 to 0.05% of Al-powder
by weight. The reguired quantity of water
is ‘also ‘added in the mixer to form a =lu-
rry. The following basic chemical and
physical changes take place inside the
mixer and the mould:

- Burnt lime is transformed into
hydrate of lime.

~ Aluminium powder is contact with
the hydrate of lime produces hy-
drogen in millions of tiny bubbles
with the result that the mass
"grows" liksz 'Kneaded bread flour',

- The expanded mass sets in about
2-3 hours upto cheese-like con-
sistency suitable for cutting.

The half hardened mass 1s then cut by steel
wire after removing the sides of steel
mould. Where Reinforced Foam Concrete is
produced, welded steel mesh coated with
Cement Rubber Latex as "anticorresive paint"
is placed with the desired cover into the
mould before £illirng it with the slurry.
The moulds are then stacked (3 high) in a
steel trolley and introduced into anto=
clave for curing. The autoclave is usually
about 10 feet in diameter and 100 feet
long in which saturated steam at 12 at-
mosphere is supplied for curing. The time
for curing usually varies from 16-18 hours
after which the reaction of Silica and
Lime 1s complete, transforming the mass
into a stable Calcium Silicate compound.
The hardened Foam concrete is.removed from
the autoclave after shutting off the steam
from the autoclave. The moulds are removed
and preoduct allowed to cool: The whole
manufacturing process lasts about 24 hours

As in other process, CEKOP is also fully
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mechanised involving about only 100 wor-
kers per day for a plant having a capa-
city of 8,800 Cft production per day on
the basis of one shift per day. The cost
of equipment quoted to one of the friendly
Middle Eastern countries in 1965 was about
$1.4 million excluding spares and instal-
lation. The present cost of the plant in-
cluding spares and installation is esti-
mated to be in the neighbourhood of Rs. 20
crore in Pakistan.

'UNIPOL’

It has slightly different manufacturing
procesg to that of CEKOP using tne same
raw materials but in a different propor-
tion. Where CEKOP uses a mix in the ratio
of 1:4:18, UNIPOL employs the mix 1:2%:1L
Instead of grinding all the raw materials
together, a major portion of the sand and
quick lime is ground in tube mill in wet
condition upto the required fineness to
form a slurry. The remaining quantity - of
sand, lime and desired quantity of cement
are ground in another tube mill in dry
condition. A weighed guantity of dry mixed
powder sufficient for one mould is then
fed into a vertical foam mixer to which a
required volume of slurry is alsc added.
The feollowing ingredients are also fed to
the mixer:-

- additional water.

- wastes of green Foam Concrete.

- Alluminium powder 0.04% by weight.

=: Detergent such as "SULPHAPOL',
"TIDE" or TOMO' at 1. gm/CEt.

The liquid mixture is cast into steel mould
placed directly under the mixer on a steel
wagon running on rails., In case of rein-
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forced Foam Concrete elements, the steel
reinforcement coated with a film of Anti-
corrosive substance based on cement and
latex is placed inside the mould before
filling the. liquid paste. The moulds are
then pushed to one of the tracks where
they are allowed to stay undisturbed for
some time for the preliminary setting and
swelling of the paste.

When the liguid mixture has hardened en-
ough into scft, porous mass, the mould on
the wagon is mechanically pushed to the
production line, where the excess over-
grown mass over the edges of the mould is
removed. The sides of the moulds are also
removed and the product cut longitudinally
and laterally. The moulds are stacked ( 2
high) on a trolley and placed in the auto-
clave for curing which is supplied by
saturated steam of about I900C tempera-
ture. The autoclaving process lasts about
16 hours after which the Foam Concrete is
pulled out from the autoclave. UNIPOL pro-
cess 1s also completely mechanised and
requires of 179 workers for a plant hav-
ing 2 capacity of about 10,000 Cft: daily
in 3 shifts. The cost of the plant is not
Known.

The ingredients and some technical data of 4 major ©pro-
cesses described above are given in Table 1. It will be
seen that CEKOP process uses minimum of cement, with
higher density Foam Concrete than that of YTONG.The cur-
ing time in autoclave in the later process is much shor-
ter than that of the POLISH process. The table also shows
that Ytong (dry density 31 1lbs) has low compressive st-
rength of 425 psi as compared Lo the POLISH or DUTCH pro-
duct. The weight of raw material per cum of Foam Concrete
in various processes is also given in Table 1.
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TABLE 1
COMPARISON OF VARIQUS PROCESSES
Item CEEKQOP UNIPOL YTONG CALSILOX
Materials/Cu.m.
Cement (Kg) 30 50 , 35 65
Kime (Kg) 120 1313 140 130
Sand (Kg) 550 568 400 455
Cost of raw materials A5 48 52 57
(Rs.)
Approx. mixing
water (Litre) N5 384 ; N.5.
Al-powder (Kg) 0.3 0.3 . 0.5
Water cement
ratio (Estimated) 4-5 4-5 4-5 4-5
Total water (Litre) ap0 N.S. 700 1600
Autoclave size (ft) B8.5x98 8.5x104 9x110 9x115
Mould size (ft) 5.2%1.6x10 - 6x2x10 4x2x14.5 5x2x%20
Hardening time
(hour) 3-4 3-4 1=-2 3-4
Curing time (hour) 16-18 16-18 12 15-22
Steam pressure (him] 12 X2 g i 12
Dry Density 1lb/Cft 44 44 31 40
Compressive
strength psi 700 700 425 850
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TABLE 2

CRUSHING STRENGTH QF FOAM CONCRETE

Product Dry Density Lbs/Cft Oven dry crushing

strength

PSI
Ytong 25-40 ~ 215-850
Durox BT b 500-650
Siporex : Ll e 430-560 (air dry)
Unipol 31-44 280-700
Cekop 2B=5% 280=1050
Calsilox 34-44 FO0=LO0
TABLE 3

THICKNESS OF REINFORCED FOAM CONCRETE ROOF SLABS

Span Thickness : Span Thickness

{ ) (ins) EE] (ins)
6 4 13 6%
4% 14-15 7
8 5 16 g
10 5% 17 8%
=12 | 6 18=~20 9
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It will be seen from table that the formula used ~ by
CEKQP is cheapest whose material cost works out to
Rs.131/- per cum i.e. Rs.3.71 per Cft on the " following
rates of raw materials of 1979:- :

- Cement (per 50 Kg) Rs. b5/-
- Lime (per 40 Kg) Rs. 26/ -
- Sand (pee o0 CEL) Rs. 100/--
= Al-powder (per 1b) BRs. - Ll8/=

PROPERTIES OF FOAM CONCRETE .

i)

a L)

The dry density of Foam Concrete produced by
various processes varies according to ingredients

"and the quantity of Al-powder used.Foam Concrete

having dry density 31-37 lbs per Cft. is most
commeonly used; but higher density Foam Concrete
of 52 lbs per Cft has also been produced for
block construction or higher sound reduction.
Since all materials absorb moisture from air;
Foam Concrete 15 no exception, density at the
time of delivery is generally 15 to 25% higher
than that of oven dry density i.e. 27 1bs Foam
Concrete would weigh 44 lbs/Cft at the time of
delivery.

Engineering Characteristics

The crushing strength of Foam Concrete varies
with the density and moisture just like ordinary
Concrete i.e. the higher the density the greater
the strength -+md higher the moisture the lower the
crushing strength. The crushing strength of =a-
turated Foam Concrete is generally 33% lower
than that of oven dry Foam Concrete. The erush-
ing strength of Foam Concrete produced by various
patent methods as claimed by manufacturers is
given in Table 2.

According to British Code of Practice 111 on load
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bearing walls, the permissible basic stress in
walls laid in Foam Concrete blocks (measuring 12"
X 6" high) having crushing strength of about 500
psi using 1:8 cement mortar is 50 psi. This can
be increased to 100 psi on account of shape of
units where height is twice that of its thick-
ness. If the wall is 6" thick and storey' height
is limited to 9% ft, it gives a slendernessratio
of 19 and a stress reduction coefficient of 0.48
if eccentricity of 1/6th is assumed as per C.P.
111. This determines dimensions of rooms and
number of storeys that can be erected with load
bear ing Foam Concrete blocks.

Foam Concrete can and has also been used in pre-
cast roof slabs to support super imposed load up
to 100 lbs/Sft. Typical values of thickness of
slab for various spans supporting a superimposed
load of 65 1lb/Sqft are given in Table 3.

The structural design of Reinforced Foam Concrete
is based on the following assumptions by using
either the elastic theory or Load Factor method:

Compressive strength 150 to 230 psi

Modulus of Elasticity 0.21 to 0.45x166 psi
Modular Ratio 80-90

Coefficient of thermél

expansion per ©C. g x 107°

Tensile strength 50 psi

Bending strength 1000 psi

Permissible Deflections
under working load. 1/275 of span.

Water Absorption and Rain Penetration

The tests carried out in BRS London(II series
Digest 16) indicate that Foam Concrete absorbs
21-27% water by volume depending upon density.
This compares favourably with dense concrete
which absorbs 16% water by volume. On weight
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basis (which incidently is a misleading index for
Foam Concrete owing to its light weight)the Foam

" Concrete absorbs 27-50% molsture as against 7%

in the case of dense concrete. It has also been
shown by Standard Artificial Rain tests that Foam
Concrete doeg not show any staining on the back
face when subjected to artificial rain for  pe-
riods exceeding 6 hours.

The Capillary rise of water in Foam Concrete 1is
reported (BY CALSILOX) to be 3.75 inches after
72 hours. This imposes some limitations for us-
ing Foam Concrete below DPC and therefore the
manufacturers only recommend its use above the
DPC level. Owing to high water absocorption, ade-
quate water proofing treatment of Foam Concrete
roofs will be necessary.

Thermal Insulation

Foam Concrete has+high thermal insulation and
is therefore ideally suited for tropical coun-
tries such as ours. The thermal conductivity of
Toam Concrete varies from 0.81 to 2.1 BTU/SFft/l

h/FPin depending upon the density. On the other
hand the thermal conductivity of bricks varies
from 5 to 11, while dense concrete has thermal

conductivity of 8-12. The most commonly used Foam
Conérete having density 371lbs/cu. ft has a ther-
mal conductivity of 0.97, which shows that Fcam
Concrete wall 6" thick will be thermally equiva-
lent to solid brick wall 2% feet thick. The heat
transmission Coefficient U (which is a real mea-
sure -of thermal insulation of building shell]l of
Foam Concrete varies 0.08 to 0.1 which - is less
than % that-of so0lid brick wall of same thick-
ness, whose U value is equal to 0.36, while a
cavity brick wall 11" thick has a U value of 0.27.

Sound Insulation

The sound absorption of Foam Concrete inspite
of its lightness is said to be 5 times that of
dense concrete. Typical values of Sound Absorption
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Coefficient from soffits of some commonly used
building materials are compared with Foam Con-
crete (SIPOREX) in Table 4. The actual sound re-
duction in 6" thick Foam Concrete wall is re-
ported to be 43 db, which is very nearly equal
to a plastered 4%" thick brick wall, whose in-
sulation value is 45 db. It must however be re-
cognized that the weakest link in sound absorp-
tien in walls is that of glazed windows and
door crevices while thickness of walls may- be

generally immaterial.

vi) Fire Resistance and Earth Quake Resistance

The fire rating of Foam Concrete is much
higher than brick wall or the dense concrete.
For instance, 5" thick Foam Concrete roof slab &
4" thick load bearing wall has a fire resistance
of about 2 hours. While 4%" brick wall has a
resistance of only one hour; concrete block wall
4" thick has a fire resistance of 2 hours.

Although no specific tests have been carried out
on comparison of earthquake resistance of Foam
Concrete with ordinary building materials 1like
bricks and concrete, but Foam Concrete 1is re-
ported to have withstood the severe earth guake
of 1957 in ACAPULCU, Mexico in which the houses
did not suffer any damage. The high earth quake
resistance of Foam Concrete, as compared .to or-
dinary dense materials, is understandable and
is attributed to its lower weight.

ECONOMIC VIABILITY OF FOAM CONCRETE

" The economic viability of Foam Concrete not only depends

on the cost of materials but also on the cost of plant.
and other overhead expenses. If a plant is purchased
from a European manufacturer after calling competitive
bids, the total cost including technical assistance,in-
stallation etc. would be in the neighbourhood of Rs.200
lac for a plant having a capacity of 8800 Cft per day.
The local expenditure on acquisition of 8 acres of land
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and construction of building etc, for the plant will he
about Rs.47 lac. On the basis of above capital expendi-
ture the cost of Reinforced and Unreinforced Foam Con-
créte works out to Rs.20.0 and Rs.12.70 per Cft respec-
tively as per details gilven in Eppendix 1: The coskt of
Reinforced Concrete bheing used for roofing purposes on
the present market rates works out to be about Rs. 40.0
per Cft. Although as compared to ordinary dense Rein-
forced Concrete (1:2:4) the Reinforced TFoam Concrete 1s
apparently about 50% cheaper in price but in actual fact
it is not. Against 4" thick Reinforced Concrete slab
to support a live.load of 40 lbs/Sft, the thickness of
Foam Concrete panel required will be about & inches
whose cost will almost be equal to that of dense con-
crete after including carriage from factory and instal-
lation.

The main advantage in using Reinforced Foam Concrete in-

stead of Reinforced Concrete will be the reduction of
a dead weight by 66% which will yield considerable sav-
ings in.foundations, size of columns and beams support-
ing loads in the framed structures. The Reinfcrced Foam
Concrete roofing units when employed in multistorey fra-
med structural bulldings will, therefore, reduce the
guantity of steel by about 50-60% — an advantage which

must be fully exploited in Pakistan owing to shortage of
steel in the country.

However, it must be remarked that the consumption of
lime will increase considerably as Foam Concrete makes
abundant use of lime. The requirement of lime to run a

factory having an ou put of about 2.6 million Cft of
Foam Concrete per year will be about 10,000 tons which
together with 2400 tons of cement, will replace 10,000
tons of cement in usual (1:2:4) Concrete for the same
area of roofs. Since lime is cheaper to produce than
cement, the introduction of Foam Concrete will have a

healthy effect on the economy of the country as a whole.

POTENTIALS OF FOAM CONCRETE IN PAKISTAN

The manufacturer of Foam Concrete basically requires
materials like cement, lime and fine sand, which are all
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albhundantly ayailahle in Pakistan. The foaming agent wvigz,
Al-powder wWill, however, have O be imported. Similarly,
Rubber Tatew fof painting reinforcement to prevent c¢or-
rosion, will also have to be imported. But the 4
ties of imported material will be insignificant and will

be met from the savino in steel and cement. For ins-
tance, a plant degignéd to - produce 8800 Crt of Foam
Concrete per day, requires only 20-25 tons of Al-powder
per year costing approximately Rs.6.0 lac. As regards

Rubber Latex, it is estimated that 8800 Cft of Reinfor-
coed Foam Concreote will require Rubber Latex of value of

about Re. 2.0 lac. The most impertant and interesting part
of Roinforced Toam Concrete is that: 1t vbilizes o.n L ¥
about 2 lbs of steel per Cft of _Concrete as against 4-5
1bs conzumed in “ﬂﬁsé Concretﬂ Slab WHTHT__;LHCQIEE_;E_

vantage will reduce the CDﬂquptlon of steel: in roofs b
about 30% which will give a saving of about Rs.4.0 P
Sft of roofs to the owners. Another advantage of intr
ducing Foam Concrete in Pakistan would be that 1t wi
reduce the consumption of cement. by about 75% in roofs.
For instance, where ordinary dense concrete reguires 17
Bags of cement per” 100 ¢ft sufficient for shbout 300 Sft
of roof, we would require 150 Cft of Foam Concrete using
about 3 bags of cement. This will save enormous guantity
of cement which could be exported to friendly Middle Eas-
tern countries to earn the much needed foreign exchange.

A factory designed to produce 8800 Cft. of Reinforced
Foamed Concrete panels for roof per day will cover about
17600 Sft built up area requiring only about 2400 tons of
cement per vear as per Appendix I. If dense gravel con-
crete is adopted, as at present, the cement reguirement
would have been about 10,000 tons, assuming 4" thick R.C
slab. The Foam Concrete roofs would thus yield a saving
of about 7500 tons of cement per year or Foreign exchange
earning of about $500,000 by export of surplus cement.
The net saving after deducting expenditure of $ 60,000
required for import of Al-powder ‘and Rubber Latex comes
to $440,000. Assuming a Foreign exchange investment on
import of plant as 21.5 million, ikt is seen that thie in
vestment will be returned to the country in only 3% vears
only through saving in cement.

In the present technique of the multistorey construction
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in Pakistan, brick partition walls 9" thick are generally
uséd mainly because of absence of alternate light weight
material. But this technique has been responsible for
pushing up cost of construction unnecessarily. For ins-
tance, where a 9" and 10' high brick wall imposes a load
of about 4 tons on a concrete beam over 10' span,a Foam
Concrete wall 8" thick will impose a load of only 1% ton
This reduction in weight on concrete beam will reduce the
requirement of steel by 66% in the structural members .
Even if horizontal/vertical Foam Concrete wall panels
having nominal steel are used for filling in between
columns, the over all saving in steel required in multi-
storey construction may be about 50%. Evidently, the use
of Foam Concrete in non-load bearing walls in multisto-
ried buildings will affect considerable saving in steel
and is sure to have a high potential.

The implementation of low cost housing Schemes of the
Government and other building projects in the countrv has
not kept pace with the expectation due to paucityofbricks
which are considered as a back-bone of all building acti-
vity in major portion of the country. With the introduc-
tion of Foam Concrete, an alternate material will be avail-
able to relieve the pressure on bricks whose cost in the
recent months has risen to Rs.400 per thousand. The use
of Foam Concrete will hasten the pace of construction and
the usual bottleneck of roofs will no longer be an im-
pediment. :

HOW TO INTRODUCE

The manufacturing process of Foam Concrete has been com-
piled from the printed brochures and quotations of some
of the suppliers of the eguipment so as to bring this
material to the focus of local technologists and Indus-
trialists. Since all the European processes are patented,
~exact ingredients and correct curing pressure and time
for the local material must be determined in the labora-
tory. It is hoped that Lahore Building Research Station
will take positive steps to carrvout experimentation by
installing a small autoclave and other egquipment.
Another method of introducing this wonder material
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is to install one plant after preliminary studies which
can be amended/modified to suit our conditions by ex-
perience. The Public sector Industrial Organizations can
be persuaded to take up the project.

TABLE 4

SOUND ABSORPTION - COEFFICIENTS:
OF SOME MATERIALS

Frequency Cycles/Sec.

Type of Concrete

E25 500 2000
Foam Concrete 0.02 0.19 0.34
Smooth Plaster 0.02 0.02 0.04
Rough Plaster 0.04 0.06 0.05
Concrete 0.01 0.02 0.02
Glass 0.10 0.04 0.02
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APPENDIX I

. PRODUCTION COST CF FOAM CDYCRETE ON
THE BASIS OF IMPORTED PL&NT

1979 (APPROX,RATES)

{(Rs. 1in
I. Capital Expenditure
Land 8 acres - BiE B0
Buildings (35000 Sft) - 31.5
Development of Land S s
Machinery & equipment includ-
ing installation and spares etc.. 200.0

Tatal Capivsl Cesty 24700

II. Operation Expenses

Materials:

Sand 45000 ton R 9.0
Lime 10000 ton e Elwt
Cement 2400 ton e 26.4
Al-powder 22 ton N— 6.0
Steel 3000 ton S 150.0

Other materials like 0il,
anticorrosive paint etc. L.5. e g
Water 14 million gallon e Tl

Total: 260.0

Quarterly operation expense: 65.0

ITI. Labour & Overheads

Fuel & Power ‘e 20.0

Maintenance P 10.0

Labour & Management SR 50.0

Depreciation 10% ; 2.0

Interest on capital of Rss312 1ac @ 13% 40.0

Loan instalment 10% . 25,0

" Profit & taxes T ; 98.0
Totals 268.0
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Total runn-ing cost: 528.0 lac
Annual production = 8800 x 300 = 2,64 million Cft.
Sale price of Reinforced Foam Concrete per Cft.

= _32-8 _ =Rrs.20.0 per
2.54 Cftt -
In order to produce ynreinforced Foam Concrete blocks,
the expense on reinforcement and anticorrosive paint

amounting to Rs.154 along with interest of Rs.5 lac on
this outlay will have to be deducted. Assuming the in-
crease in production rate of 10% when producing unrein-
forced blocks, the sale price will work out to Rs. 12.70
per Cft. as given below:

Total running cost = 260 - 154 + 268 - 5 =Rs.369 lac
Production = 29 lac Cft.

369

Cost/Cft = 59— Rs.12.70 per Cft.
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The Problem of Rail and Road
Level Crossings

B
el

Saleem Akhter Bhalli#

1. DEFINITION

The crossing of a railway track with a road, like any

highway intersection, involves either a separation of
grades or a crossing at grade. The grade separation ro-
sults in either an over bridge or an under bridge. The
at-grade intersection is called level crossing in our

country.

2. OBSEPVATIONS & STUDIES

(a) The traffic on most of the highways has in.reaseod
tremendously during the present century and the number
of trains passing over these tracks and the length of
trains have also increased manifold with the result that

the number and duration of closures of gates on level
crossings has increased many times than before. In fact,
the very necessity of improving the at-gradc Crossincs

cr censtruction of grade separations has arisen because
of the everelongating closure periods of the gates, ne-
cessitated due to increased train passings.

(b) A Survey of traffic hold-ups on the rail and road
level crossings in the Punjab has been carried out and
sample counts have been recorded. Simultaneously, the’
survey of general flow of traffic has also been carried
out near each level crossing on the same day. The total
time of closure per day and number of closures have also
been recorded in order to know the true picture of tra-
ffic at each level crossing. The result of this samnle

count of road traffic and the surveys of hold-up traffic
have been consolidated route-wise. The resul: of the
counts of both the traffic survey and held-up trafific has
been converted into passenger Car Units (PCU). ¥otorized

* Chief Physical Plannina & Housing, I'lanning & Development
Depariment, Lahore.
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and non-motorized vehicles have heen counted separately
category-wise. The number of gate closures and the total
time of closures in 24 hours have been noted down. More-
over, a planetable survey has been conducted at each
level crossing to have a complete idea of the Iaycut and
location of each level crossing in the Punjab.

(c) The held—up E s Bae Been chgervia ari ebibets: laws
been made to evaluate the same. During these observations
following peculiarities were noticed:-

i) On rail-road crossings falling within urban 1li-
mits it has been noticed that the gates are clo-
sed to traffic too frequently and in some cases
only half the traffic is cleared in-between the
closures. '

ii) - Although the time of the traffic hold-ups is
taken to be the actual time of closure of the
gates, the traffic takes additional time in dis-
posal because of its mixed composition (motori-
sed and non-motorised) and because of inzuffi--
‘cient roadway capacity at the level crossings
as well as approaches.

1i1) Since traffice control management .at rail and
road crossings for the held-up traffice is not
provided, the mixed traffic frombothdirections
invariably causes traffic jams on the railway
track as well as on the approaches. (The long
term consideration, of course, would recuire =z
grade separation, if it is economically justi-
fied and technically feasible).

(d) Grade separations play an important role in urban
development, help generate economic activities and in-
.crease the efficiency of transportation of freight and
passengers. In populous cities the rail and road cross-
ings are at present causing acute problems to road trans-—
port during peak hours and:- the best solution is evidently
a grade separation of the two opposing types of traffic
viz, the rail traffic and road traffic. This solution,
however, is very expensive and cannot be afforded by the
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national economy in all sitnations . savé. at inter-séction
points of heavy rail and road traffic, especially within
“the wrban Fimitsis- .

in other countries where such problems have been more
thoroughly gone through and valuable experience gained,
it has been specified that where a railway track and 3
road cross, grade separation is to be carried out when
the average daily traffic exceeds 4000 vehicles and the
number of traing is 6 or-more. The specification is gra-
phically represented in Figure-I which has been “dOULJQ
after American practice and was also recommended by the
former World Bank -Consultants to the West Pakistan High-
‘way Department. This graph indicates varlous combinations
of the rail and. road traffic Justifying grade Separa-
tions. As implementation of these specifications may not
be possible in view of financial restraints, we have to
be contented with providing mostly level crossings it
of reasonable geometric standards.

(e) TFrequent gate closures and awkward"apprgaches at
curves combined with prolonged hold-ups at closure time
are serious handicaps to the highway user in- the form of
increased travel time, travel cost and: inconvenience.The

extent of improvements required at each level crossing
should be a function of the guantum of road and raillway
traffic; particularly the rcad traffic. Accordingly the
Vice Chairman, P.W.R. had rightly suggested to the Sec-
retary Railway Board, vide his Memo No.480-W / III (DUP)
dated 24.12.1966, that as the old specified widths of
level crossings as per para 382(2) of the Way and Works
Manual were not in consonance with the single  lane or
double lane concept of highway traffic, therefore, the

Railway Board's applovﬁl be sought for the following
gate widths:- '

Special Class. 7 i )
A Class. 2, 5 s
E Class. . 24 ft.
C Class. 12 ft.

-

The rationale of the suggested gate widths by the P.W.R.
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was, however, not established at that time except B-Class
level crossing which appeared to be in accordance with
the concept of 2 lane width of road. As the level cross-
ings are meant for passing the road traffic, the geomet-
rics of the level crossing including width must conform
to the requirements of the road.

(f) However to assess a reasonable width of gate opening -
at a level crossing, a relation between the total time
of closure instead of the number of trains, wversus the
held-up traffic per day has been established to enable
the engineer to make a fairly easy assessment of the
required width of opening by taking into account only the
motorised held-up traffic ignoring the animal drawn and
cycles. The graph of Figure-II has been prepared between
motorised held-up traffic and the total time of closure
per day. This graph indicates the following:-

1) For the portion surrounded by the ordinate and
the first curve which starts from 260 passenger
gar units (PCU) of moteorised held-up traffiec and
ends at 150 minutes total time of closure per day,
a minimum of 16 ft.width gate opening is recuired.

ii) For the portion covered between the first curve
and the second curve which starts from 1300 mo-
torised held-up PCUs and ends at 300 minutes to-
tal time of closure, a minimum of gate opening
of 24 ft. is required.

8 G 1 2 For the portion covered between the second curve
aid the third curve 11300 .PCU to 4000 PEU )} a
minimum gate width of 32 ft. is required.

iwv) Similarly for the portion between third curve
and the fourth curve involving upto 600 minutes
of time closure and 10,000 PCUs of motorised
traffic, a minimum gate opening of 48 ft.is re-
quired.

V) Beyond this, in the entire shaded portion of the
graph, grade separation in the shape of an over
or under bridge is required.
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3. 11}ENT1*1C&TI&]N AND ANALYSIS OF THE PROBLENM

The problem has algo been identified from an cconomic
point of view i.e. the assessment of ‘the time value lost
by the user of an autompbile transport even-after ignor-
ing the non-motorized traffic.

Pragtigal dtudles have indicated that the motorized road
users, besides frustration and inconvenience to - them,
cause the following economic losses to the aoc1eay by
coming to halt at a level crossing:-

1) Deceleration cost.

£d) Cost of idle running of the engine.
i) Acceleration cost.
iv) Cost of wear and tear of vehicles involved in
deceleration and acceleration.
V) Time value of road users during. stoppages.
The cost of the loss to society incurred through the

railways has also "been ignored. These studies undertaken
by the Highway Department since 1972 indicate that the
following social costs are incurred by the three main
types of motorized vehicles on the road at each stoppage
at a level crossing, on the basis of base year prices of
15 P

Truck Ba. 1.20
Bus Bs. 2.95
Car. Es. 1.34

Based on the average daily traffic and the percentages of
various modes of motorised traffic, a graph has been com-
pleted as shown in Figure-I11 which shows the social cost
per day at four sample level crossings on the G.T.Road as
ordinate and the number of rcad vehicle units per day as
abscissa. This graph is a very useful tool for the en-
gineer and economist as it enables them to calculate the
national loss at any given level crossing. From this
graph it has been reduced that even 1f the cost of cons-
truction of a grade separation  (over or under bridge) in
place of an existing level crossing is Rs.one crore, the
same 15 recovered back to the national economy in only
one vear. As the decign life of a grade separation struc
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ture is taken atleast at 20-years, and the road traffic
is increasing at a compound rate of 7% P.A.,,the economic
return to the nation in case of construction of a grade
separation has been calculated in Table-I appended with
this paper. It is interesting to note that cven after de-
preciating the future cost savings at 142, the benefit

cost ratio is as high as 10.63. It is,- therefore, high
time that grade separations in the shape of over / under
bridges are undertaken on the basis of economic rating
L all level crossings in the country. Till such time

that the concerned departments cannot afford the cons-
truction of the over/under bridges, there is un-deniable
need for immediately improving the lot of existing level
corssings which are far from satisfactory. It is here
that we should devote -ourselves to improving their stan—
dards. Accordinglv & recommendation has been made in the
form of Figure-1V, appended with this paper.This depicts
the broad specifications for various types of level
Ccrossings.

4. SPECIFICATIONS AND GEOMETRICS

As the geometrics of the approach roads of the level
corssing rather than the plan and profile of the railway
are mostly responsible for causing accidents at level

crossings, minimum geometric standards for various clas-
ses of level crossings are recommended .in Figure-1V,

The prescription of specifications for various types of
level crossings including geometrics have. of necessity to
be based on the road traffic volume and type.

Though the level crossings are meant for yieldinag right
of way to the road traffic, the upto date specifications
and classifications made by the Pakistan Railwavs are not
in consonance with the volume or type of road traffic.
The gecometrics laid down in the Railways Engineering Ci-
cular No.,2 dated 11.6.1915 and afterwards are very much
out of date now. Against the maximum laden weight of 3
ton lorry prevalent at that time with a maximum length
of 18 ft. we have semi-trailer combination units of 50
ft. length plyirng on our roads to-day with gross laden
weights of upto 70 tons. The recommended geometrics for

34



various types of level crossing as, shown in Figure-IV are
strongly recommended to be adopted to reduce Sl sk
and increcase dispersal capacities of road LTdFFlL at the
intersection points w1th the rallways

out of thée total 5386 nunibetr of level crossings n  the
country 1169 i.e. 21.7% .only are manned and the 4217 or
T8, 3% die un-nmanned. Thersefore, after prfeceribing. speci-
fications for the mawned level crossings, the unmanned
level crossings decerye_greht attention, the later heing
the main. scenes of accidents. ' '

B s

2.  UNMANNED LEVEL CROSSING

No wonder that the number of casualties at the sites of
unmanned level crossings exceed those of the manned lave!l
erossings: by 50% to 1100%, which is a proof of the fack
that unmanned level crossings are virtual death traps in
our country. At unmanned level crossings, the ceometrics
and specifications of the level crossing and their road
approaches are of greater significance than at the G

ned level crossings. As these level crossings are 3
out signals and gates, the sight distance is of prirmary
conslideration at these sites. The specifications of the
unmanned level crossings together with their rail and
road approaches need immedlate revision to reduce the
incidence of accidents. While the subject is worthy of

deeper study, preliminary thinking has been gl?en olfs W
and it is believed that the condition at a railway level
crossing is comparable to that of interesecting highways
where a corner sight triangle must be kept clear of ob-
structions. The desirable corner sight distance arrange-
ment should be such that a vehicle driver on the road
approaching the grade crossing is able to see a train at

such a distance that 1f it proceeded without slowingdom,

1t would reach thecrossing at about +the btime that the

highway vehicle can be brought to a stop in advance of

the crossing. To satisfy this condition, two sides of the

minimum sight triangle are: a distance along the highway,
measured from the crossing, corresponding to the minimum
stopping distance for the design speed of the highway
and a distance along the track, measured from the cros
ing equivalent to the distance travelled by the tr
during the time interval required for the highway vehi
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to be brought to .a stop. TFor a highway design speed ‘of
40.'mph (65 Km PH)} the: dlqh¢uCé:alﬂﬂq.the track in feet
should be not less: Lhantll times the train speed inmiles
per hour, and fof -a -highway design speed of 60 mph. {100
Km ‘PH). abaut. 15 FEimgs the train.speed. Ciiner sight dis-
tances of this order in a@ll four guandrants are desirable
at aﬂﬁ}unmannod lFUEl crossing not coﬂtlulzed by signals
~or gates. :

The attainment of these clear slqht ﬂl?fdﬂLEQ_iﬁ' parti-
tularly easy in. a flat and opén terrain-as mostly b
td1n1ng'iﬁ'FgHisian. These recommendations have been de-
picted graphically in Tigure-V. Actually solved examples
have also heen drawn our for a highway design speed  of
- 50 mph and the train speed of 65 mph. Fiqure-VI is for a
“Elat ferrain country ‘and: Figure-¥II is.far a. terrx aln’)hCE
than flat. Also or Figure-VII' is given. the minimum sicht
distance required when traffic is controlled by STOP
signs at a level crossing. This situation is - applicahle
to unmanned level crossings over railwav lines in  hilly
areas. Fiqure-VIII sketches out the distance required hy
8 road wehicle to cross 2 tracks of railwas line fror a
stopped position.

e
™
il

These standards arc in line with the geometric standar
prescribed by the American Association of State Highway
and Transport Officials. While recommending these the
traffic capacity of the lane width concept and the over-
all permissible length of vehicles have been kept in vicw
Also considerations have been given to the steepest gra-
dient which animals and animal drawn vehicles can encourmn
ter without difficulty. Minimum gradient and cross levels
for drainage have also been kept in view. '

The geometrics of a highway and a structure which entail
the over crossing or under crossing of z railway are sub-

stantially the same as for a highway grade separation
without ramps.: The geometric design of a highway at ar-
railway level crossing: involves the elements of align-
ment, profile, sight distance, and cross section. The
requirements may vary somewhat with the type of protec-
tive devices used. Where signs are the only means  of

protection, the highway should cross the railroad at or
nearly at right angles. Even with signals or gates small
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intersection angles should be avoided. Regardless of the
type of control, the roadway gradient should be flat at
or adjacent to the railway crossing to permit swehig bow
to stop when. necessary and then. proceed gcross without
difficulty. The protective device should be clcarly wvi-
sible at a distance along the highway at least equal to
and preferably greater than the stonping sight distances
recommended below. In some cas€s, it may be necessary to
elevate a device or shift it laterally from its custom-
ary position to make it wvisible at an adequatc distance:

Foad Design speed, mph. 30 40 50 &0 w% 70 75 8D

Minimum stopping sight

distance, feet. i 200 275 350 475 550 600 675 750

However , design speeds of 75 and 80 mph are applicat
oy to Bighways with full Contrel of agcess, Grade Sen
arations of rail and road traffic are presumed for such
design speeds. Stopping sight distance is measured fronm
the 'driver"s eve at 3.75 ft. above thé road surface

the-top.of an object & inches high on the toad surface.

In_casc-of an unmannesd level crocsing where ctop sign bas
been installed as a protective measure, the driver of g
stopped vehicle should be abhle to see cnough of the rat
way to be able tu cruouss it before a train reaches "
crossing, even theugh the train mavy come into view impe-
diately after the.vehicle starts to cross. The length of
the railway in view on each side of the crossing mus:

greater than the product of bhé.train speed and the tige
necessary for the stopped vehicle to start and cross the
rallway track. The regquired sight distance along e L
railroad may be determined in the same manner as for a
stopped vehicle to cross a preference highway. For vehi-
cles. to cross two tracks Erom a.stopped position, with
the front of the vehicle 15 feet [rom the closest rail ,
sight distances-along theé railway in feet should be eu-

.
5

uivalent to not less than 13.5 to 17.5 times the = ey o

speed in miles per hour [or the 8U [Single Umik)and
50 design .vehicles; respectively. & distance equal to 10
times the train speed is applicable toe the P wvehicle,but
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A

design based on this vehicle is not recommended as almost
all highways will have sufficient tracks or lanes to
control the design i.e. S.U. and WB-50 vehicles. See
Eilgivre MTT;

The highway travelled way at a railway crossing should be

.constructed for a suitable length with all-weather sur-
“facing. Full stabilized or surfaced shoulders at least 6

ft. and preferably 12 feet wide, should be provided tis
the approaches of the crossing.

6. STATUTORY PRD?ISIDNS

When railways were built in this part of the Sub - conti-
nent in the later half of the 19th Century, the Railways
ABct 1890 made it a statutory 1iability'of the Raillways
to meet the cost of level crossing, road over bridges and

—

under bridges at the time of the construction of a Rail-

way-line or at any time thereafter, as laid down in para
1117 of the State Railway General Code Vol.I.

The then existing roads and paths were cut-across.As the

right-of-way of the ‘road user could not be denied to them

under natural law and the law of the country, the rail-

ways made clear provision in their law for providing le--
vel crossings, road over bridges and under bridges as may.
be demanded by a prevalent situation. The problem there-

fore is of historical record and limited to the fact whe-
ther any road or path existed before the lay-out of the

Railways or not. . The level crossings therefore, can . be

categorized as:-

1) Those sites where roads and paths existed before
the lay-out of the railways, and

1ii) Those necessitated. after the layout of the
railways.

The 5386 existing level crossings on the Pakistan Rail-

way should, therefore, be categorized in the above two
categories, for purpose of apportioning the cost of im-
provements, reguired now on account of rail and road

traffic conditions:
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7. SUGGESTIONS

1) Where—-ever the rail or road traffic or a combiration
thereof has crossed the curve line of Fig: I or social
costs shown in Figure-III economically Justify, a grade
separation between the Rail and Road Traffic should be
constructed in accordance with para 1117 otf- the State
Railway General Code Vol. I. Cases of site shiftings due
to ROW restrictions or high acguisition cost should also
be categorized here.

2] Where a grade separation is required for similar
reasons but no road or path existed at the time of lay-
ing down of the railways, the project should be financed
by the Road Authority in accordance with para 11TF %o
1122 ‘of the State Railway General Code WVol: I:

3} The cost of improvement of an existing level cross-
ing should be borne by the Pakistan Railways in ACCOr -
dance with the legal provisions to cater for the projec-
ted road traffic and in accordance with the reqguired

geometrics of the Road Authority.

4) Where a level crossing is necessitated now by a
Road Authority and no path or road existed at the time
of laving down.the railways, the entire lay out should

be financed by the Road Authority.

8. IMPLEMENTATIONS

The recommendations should be backed up with necessarv
legal force and implemented through an annual phased
programme, to be supervised by a committee of experts
constituted with nominees from the concerned Departments.

We judge overselves by what we feel capable of doing while others
Judge us by what we have already done.
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Join the Gas Club
By
Khalid Faruq
Chief Engineer
Irrlgatlon Research Institute, Lahore

The price of petral has been soaring and scaring over the
last 10 years or so. In the year 1972 the petrol used to
cost a mere 5.25 rupees per gallon (regular variety) but
it has been shooting up consistently and there have been
about 10 upward jolts over this period, At each rise one
tnnunht that this was the limit and further rise was not
conceivable. Yet defving all calculations and anticipa-
tions the prices have been mounting and have reached the
staqgering fiqure of Rs. 20.27 2er gallon of reqular &
Rs.23.64 of super wvariety., Anything is now possible in
this realm and the portents are that the international
situation will take us to still dizzier heights. A . pro-
jection of future oil prices worked out recently by some
experts anticipate a further rise to 3 times the present
prices over the next decade. Now what to do and how to
keep the o0ld buggy moving and also keep the wolf fromthe
door. This is the question in the minds and on the lips
of *every person with a reasonable level of income (those
lucky ones who run on on-account charges such as masters

and employees of commercial concerns of autonomous and
semi autonomous hodies have of course no worry on this
account). The most sericusly affected group is the fixed

income groun whose income does not automatically follow
the steep curve of orice rise. In the above category the
Government servants as a class are the most seriously hit
One solution that suggests itself these days is the use
of LPG (liquified petroleum gas) for running ones car.
LPG is not compressed Sui Gas but is the bye product of

0il1 wells and refineries and consists malnly of Promnanc
and Butane, Despite the repeated notes of warning by the
concerned Cas Company that they cater only for domestic
use and do not have the capacitv to fulfill the ever ri-
sing nceds of vehicles and that the consumers should de-
ist from using the gas for the latter purpose, the idea
is picking up and one comes across so many advertisement
>ffering -to convert your car on to LPG. In fact alonawith
the warnings there is a hopeful note that the introduc-
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7. SUGGESTIONS

1) Where-ever the rail or road traffic or a combination
thereof hias crossed thie curve line of Figr T or segial
costs shown in TFigure-III economically justify, a grade
separation between the Rail and Reoad Traffic should be
constructed in accordance with para 1117 of. the State
Railway General Code Vol. I. Cases of site shiftings due
to ROW restrictions or high acguisition cost should also

be categorized here.

2) Where a grade separation is required for similar
reasons but no road or path existed at the time of lay-
ing down of the railways, the project should be financed
by the Road Authority in accordance with para 1117 to
1122 of the State Railway General Code Vol: I.

3) The cost of improvement of an existing level cross-
ing should be borne by the Pakistan Railways in =Pl ] g
dance with the legal provisions to cater for the projec-

ted road traffic and in accordance with the required
geometrics of the Road Authority.

4) Where a level crossing 1s necessitated now by a
Road Authority and no path or road existed at the time

of laying down.the railways, the entire lay out should

pe [inanced by the Road Authority.

8. IMPLEMENTATIONS

The recommendations should be backed up with necessary
legal force and implemented through an annual phased
programme, to be supe;vlaed by a committee of  experts
constituted with nominees from the concerne dDﬂwartmenLa.

We Jjudge ov@rqelves by what we feel capable of doing while others
Judge us by what we have already done.

y
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Join the Gas Club
By
Khalid Farug
Chief Engineer
Irrigation Research Institute, Lahore -

The price of petrol has been soaring and soaring over the
last 10 years or so. In the year 1972 the petrol used to
cost a mere 5,25 rupees per gallon (regular variety) but
it has been shooting up consistently and there have bheen
abkout 10 upward jolts over this period. At each rise one
thought that this was the limit and further rise was not
conceivable. Yet defving all calculations and anticipa-
tions the prices have been mwounting and have reached the
staqgering figurec of Rs. 20.27 72er gallon of reqular &
Rs.23.64 of super variety. Anything is now possible in
this realm and the portents are that the international
situation will take us to still dizzier heights. A - pro-
jection of future oil prices worked out recently by some
experts anticipate a further rise to 3 times the present
prices over the next decade. Now what to do and how to
keep the 0ld buggy moving and also keep the wolf fromthe
door. This is the question in the minds and on the lips
of‘every person with a recasonable level of income (those
lucky ones who run on on-account charges such as masters
and employees of commercial concerns of autonomous and
semi autonomous hodies have of course no worry on this
account). The most seriouslv affected group is the fixed
income groun whose income does not automatically follow
the steep curve of price rise. In the above cateqory the
Covernment servants as a «lass are the most seriously hit.
Onc solution that suagests itself these days is the use
of LPG (liquified petroleum gas) for running ones car.
LPG is not compressed Sui Gas but is the bye product of

0il wells and refincries and consists mainly of Propane
and Butane, Despite the repeated notes of warning by the
concerned Gas Company that they cater only for domestic
use and do not have the capacitv to fulfill the ever ri-
sing neceds of wvehicles and that the consumers should de-
sist from using the gas for the latter purmose, the idea
is picking up and one comes across so many advertisement
>ffering -to convert your car on to LPG. In fact alonqgwith
the warnings there is a hopeful note that the introduc-
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tion of a system for running vehicles on LPG is under
consideration. '

In his inaugural speech in the National Sympqsium of En-
ergy Conservation, the Additional Secretary incharge of
linistry of Petroleum and Natural- Resources stated that
'"The production of liquid petroleum gas from -indigenous
cources is being increased three times over the next 18
months to provide the consumers with an alternate fuel
for kerosene, Compressed natural gas as fuel for Buses,
Trucks and Automobiles is being introduced shortly on
pilot scale'. The above position was reiterated in a préss
conference by the same authority reported in the Preds

in May, 1980.

There is much myth and truth afloat for and ,.against the
use of, LPG. People are anxious to know facts about this
venture, to enable them to make .the right decision. For
the interest of our readers we produce some relevant in-
formation on this subject which will answer many of their
guestions. In doing so we will also be quoting from re-
levant questions and answers from an article appearingin
the Magazine Popular Mechanics of September, 1979.

The conversion té LPG entails first of all fixing a Gas
Kit in your car. Gas Kits of American, English and 1Ita-
lian origin are the most common in the market. These are
marketed in different sizes for cars of different dis-
placements in CCs. It is advisable to use the kit match-
ing the size of your engine. The kits are designed to
werk on 12V batteries and any attempt to change over to
6V by replacing the original solenoids by locally wound
coils is bound to spoil the kit. Since warming up of the
liguid gas is achieved by circulating the radiator water
through the kit assembly, the kits are.not suitable for
air cooled engines. The current prices of the kits are
upwards of Rs.2300, the Italian being in the lowest pri-
ce range. The gratifying feature of installing a gas kit
is that your old petrol fuel system still remains in-
tact and you can switch over to either system on command
by simply operating a switch on your dash board. The gas
kit includes solenoid switches which can close or open
gas/petrol electrically (or sometimes mechanically).
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The accessories for fixing the gas kit, such as copper
and rubber/plastic tubing, clamps, T's, nozzlesjetc.vary
with the type of kit & the mode of its connection with
the fuel system. The gas can be introduced into the car-
buretor by overhead fitting on the top of the carburetor
or by side injection into the carburetor by suitably modi-
fylnq it. The-latter process is cheaper and the accessor-
ies together with carburetor modification may cost about
Rs.300/-. For the over head system the cost of accessor-
ies and modifications may be Rs.550/- or so. As regards

‘modification of the carburetor, some milling shops have

specialised in the job and do the needful in about 2-3
hours at a cost of about Rs.100/- (included in the above
quoted figures).

There are certain shops in the market which cater for most
of the needs of a gas kit and almost all the accessories
are readily available at one place. The system ends upin
your luggage boot in a flexible tube designed. to with-
stand high pressure of the gas. At the loose end of this
tube you fix a connector (described later) through which
you connect the engine system to the gas cylinder. The
fitting charges of the gas kit (labour) varies between
Rs.200 & Rs.3DU

The procurcment of cylinder and the connector piece is
the next step, which i1s a real problem these days. The
gas company, due to shortage of gas (primarily on account
of a temporary shut down of their plant at Dhulian) has
stopped giving any new connections. (Obtaining acylinder
from the Company means entering into an agreement on pay-
ment of Rs.250 as security or Rs.575 as cost of cylinder).
It is understood that Connectors (usually ' local made)

and Cylinders are offered by unauthorised persons at black
market prices. The replacement cost of loaded cylinder
containing 11.8 kg of LPG at a pressure of 150-170 1bs/
sq. inch, is currently Rs,27/-. Owing to the non-produc-
tion of gas from Dhulian plant near Pindi, an extra char
ge of Rs.5/- per cylinder as carriage charges to up-

country from Karachi is also currently being added, mak-
ing the total cost per cylinder to the consumer as Rs.32.
Hopefully this is a temporary phase and the extra car—
riage charges will be eliminated as soon as the Dhulian
Plant recommences production, which it is said will be
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in December this year. Another Company operating under a-
different trade name, has a few distribution points  and
that also in Dniy-a few major cit?e;. This variety of
gas besides being scarce in the city may nct.be available
en-route on long journeys. As a rough quide it may be
stated that as far as the car mileage is concerned one
cylinder is equivalent to about 4 Gallons'of petrol. So
that if your car normally does 25 MPG on petrol it should
run over a 100 miles in one cylinder of-gas. At the cur-
rent price of Rs4/46 per litre of' regular petro] and
Rs.5.20 per litre of super variety, cost of a gallon
comes to Rs. 20.27 and 23.64 respectively, (4.546 litress=
one gallon). The reader can from these figures easily
calculate for himself the economy factor.

The system of distribution of gas in vogue is that the
gas company has established several depots(which receive
supply in bulk directly from the producers) and distri-
bution points (which receive their supplies -from the
depots) in nearly all the major towns of the country. At
their depots/distribution points you hand over the empty
cylinder and receive a loaded one on the payment of the
price fixed by the. company (which is currently Rs.27/-+
Rs.5/=}. ' ' : .

During periods of shortage the production of the agree-
rent document with the gas company is insisted upon be-
fore supplying the loaded cylinder and an entry to that
effect is also made on the document to keep a check over
the supply.

The user of the gas soon realises that he ~annot do with
iust one cyl!inder.He has to have 2 cylinders so that as soon as
one cylinder is exhausted he can immediately switch over to
the next one. Otherwise the user will have toswitch over
to petrol (a painful happening when you are used to gas)
till he finds the new loaded cylinder (which is sometimes
not available for some days). If there are 2 cylinders

then on the exhaustion of one, he can forthwith connect
the loaded cylinder ana have the empty one replaced at
leisure. To avoid rolling of the cvlinder in your lug-
gage boot (which in aadition to being noisy may damage
your fittings) it is advisable to make a simple wooden
or wire cradle to hold the cylinder. In addition the
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cylinder can also be strapped on to the cradle by using
canvas belts (cheaply available from dealers of tonga
harmesses). The connection of a new cylinder with the
engine is a simple affair. The gas company along with the
cylinder also provides yvou a connector piece,the current
company price of which is Rs.125. As described  earlier
the connector is permanently fitted on to the flexible
pressure, tube which is i1nturn connected to gas circuit of
your engine. (It may please be noted that there are two
types of connectors one for domestic use and the other
for use on vehicles, and one cannot be used in place of
the other). The connector is fixed on to the newcylinder
by simply pushing it against the opening of the cylinder
and turning a knob on the connector thrpugh 180°. The
connector performs 2 functions. While being fitted on to
“ the cylinder it pushes open the valve in the cylirider,
thus establishing the flow of the gas from the cylinder
to the engine through the flexible pressure tube. . When
disconnected from the cylinder (by ‘turning the same knob
now backwards by 180°), the connector does not allow the
compressed ‘gases in the engine circuit to escape back to
the atmosphere, .as it has a built +4n valve for this pur-
pose.

The gas kits do not contain any meter to indicate the re-
sidual gas in your cylinder at any time. You have to
learn by experience as to how many miles your car runs
on one cylinder. Thereafter you can monitor the use of
gas by every .time noting down the reading on the milo-
meter when a new cylinder is connected.

When switching over from gas to petrol (which may be due
to exhaustion of gas cylinder or some trouble in initial
morning starting of the car), the carburetor will be em-
pty of petrol and the running of car cannot be = estab-
lished till it is filled up. This may require a lot of
cranking of the engine on battery before the carburetor

is tilled up, and 1n the process you may have run down
your battery (most of the Japanese and American cars have
the mechanical type of fuel pump which is coupled mecha-
nically with the engine). Moreover when you are running
on gas you are -apt to forget about your petrol so that
your petrol tank may be empty and you may be cranking
your engine in vain. Experiencé has shown that this dif-
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ficulty can be overcome by installing a battery operated
fuel pump which takes a nominal current and works with
a ticking sound which is audible to the driver.It stops
ticking when the carburator is full and thedriver atonce
knows that he can nowstart his car on petrol.On the other
hand if there is no petrol in the tank the pump will go
on ticking without coming to a stop and the driver will
know that it is no use cranking the engine. The Electric
fuel pumps which were a feature of most of the english
cars are available brand new in the market at a cost of
.about Rs.500 & old ones with junk dealers in Bilal Ganj
at a reasonable price. This electrical pump can be fixed
in series with the mechanical pump without affecting the
working of the latter. The electric pump should be oper-
ated by a push button switch on the dash board, to be
operated only to fill up the empty carburator whereafter
the mechanical pump will automatically take over as in
the case of normal running. Switching over from petrol
to gas is accomplished in 2 stages. If you switch over
directly from petrol to gas, the carburetor bowl will al-
ready be full of petrol and the introduction of gas will
cause over charging by :both the fuels resulting in stop-
page of the engine. To obviate this situation, the manu-
facturers have provided a neutral position on the change
over switch on your. dash board where the engine is dis-
connected from both the fuels. In some gas kits the ope-
rations of disconnection of gas and the switching on of
petrol are through 2 independent switches. You allow ' to
run the car for some time with gas disconnected or at
neutral position of the switch as the case may be and
within about a minute or so0 the carburetor bowl will be
exhausted of petrol and tﬁe engine will start 'missing'.
Now you purt your switch on.'gas' and the chanhge over will
be smooth.

Now we quote some interesting & relevant portions of a
question and answer article on the subject appearing in
the magazine "Popular Mechanics" of September 19279:-

"1 converted my 1971 Cougar to propane in 1973 at the
time  of the last gasoline shortage, Price says, I
wanted an option and I found it in propane.
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"Price's Cougar had 50,000 miles on the odometer
when he converted to propane. The day .1 saw the car
in the driveway of his home in Fanwood, J.J.,it had
registered 110,673 miles and was still going strong'

isn't : propane tank likely to. explode if vour car
15 kit in ‘the resr; wand isn't prepans 1likely Eo
leak and ¢catch Fire 4f the car rells over?’

Not if good-quality equipment is used and the insta-
lation is done correctly. The tank is positionedwell

inside the trunk, up on the deck where the spare
bire nermally sits. If kEheré is & rear<endsl, . ‘the
gasoline tank will "go' before the propane tank.

Furthermore, in the event of filre, the propane tank,
the: walls of which are three times thicker than those
of a gasoline tank, is practically impregnable. And
nropane won't leak.in a roller-over accident since
there are check valves that automatically seal lines.

Where do you kecep the spare tire now?

On the fleoor of the trunk it does take up laugagc
space, but this-ls semething »ou have: Lo aggept.

Isn't the car's original fuel system removed when
vou add a propane system?

No. It stays in the wcar; giving me a dual fuel sys-
tem. The engine has the advantage of being operated
on either gasoline or propane fuel.

When changinag from gasoline to propane, a cohtrel
cable on the dash is moved halfway in. This closes

a solenoid in the gasoline line and stops gasolinge

flow to the carburetor. The engine 1= now e [ Jak B g g
r =} 11 - ]xft i t]_"-,x _rl "':'t’ b 1 '[ Lh.} v by ey —
on gasoline left in e float bowl of the carhure
tor. When this gasoline is used up and the cngine
falters slightly, the cable is then moved all the

way in. This closes an air valve in the mixer. and
opens a vacuum operated Tilter-fuel. lock in the pro-
pane system. Liquid propane flows through a vapori-
zer regqulator and is drawn upon engine demand, to
the mixer. The mixer 1is mounted adjacent to the cai-
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Ans:

buretor and blends the proper amount of propane with
air flowing to the engipe. This air/propane mixture
is fed through the throat of the carburetor into the
engine. g .

When a fuel dealer pumps propane into the tank in
my trunk, it is pumped in under a pressure of about
150 p.s.i. This pressure 1s maintained to keep the
propane in a liquid state in the tank. The conver-
ter depressurizes and applies heat to. the propane
by engine coolant diverted to the converter (at the
heater hose). The combination of depressurization
and heat instantly transforms the liquid to vapor.

When changing from propane to gasoline, the control

on the dash is moved all the way out. This opens the -
gasoline shut off and air valve in the mixer. It
also closes the vacuum operated, filter fuel lock in

the propane line. The float bowl of the carburetor
fills with gasoline which 1is the fuel the engine

now uses. k- 0:
Is there ever a time when the two fuels,propzne and pp
gasoline, can mix together? If so, will the car blow

up? '

The only time the two fuels can mix is when-I switch
from gasoline to propane. Switching to run the en-
gine on gasoline instead of propane, or on propane
instead of gascline, can be done as I'm driving, as
well as when the engine is turned off.

When switching over to gasoline from propane, there g,
is no chance of mixing fuels. I shut off the propane
and turn on the gasoline by pulling the control ham ..
dle which opens the air valve and gasoline shutoff.
It takes a second or so for gasoline to fill the
carburetor fuel bowl and begin flowing intoc the cy-
linders. The amount of propane left in the fuel
system at the time of propane shutoff is just enough g,
to keep the car running until the flow of casoline
begins. An:

However, before switching to propane from gasoling
I have to see that gasoline left in the carburetor
bowl 1is consumed to prevent mixing the two fuels.
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I do this by pushing the control halfway,which shuts
off the flow of gasoline to the carburetor,but does
not open the propane port in the converter. The en-
gine runs on the gasoline left in the carburetor

bowl. When the engine begins to lose power as gaso-
line runs out, I push the control handle all the way
in to open the propane filter-fuel lock in the con-

. verter’ to supply propane.

1 learned from experience what can happen if the two
fuels mix. I forgot the halfway position and pushed
the control all the way to switch from gasoline to
propane. No, the car didn't blow up. The engine sim-
ply stalled and wouldn't restart, because the mix-
ture of gasoline and propane flooded the cylinders.
I had to move the control handle halfway in and hold
the accelerator pedal to the floor while cranking
the engine to clear the cvylinders. After driving a
short distance, 1 switched to propane, using the
correct procedure.

What about emissions? Does propane pollute the air?

A lot less than gasoline. Propane emits meager ‘hv-
drocarbons, since 99 percent of propane 1is burned
in the cylinders. Hydrocarbon is unburned fuel,

Furthermore,with propane the engine can be adjusted
so it emits only 1.0 to 1.5 percent carbon monoxide
(CO) without affecting performance,

As for oxides of nitrogen (NOx), they too are
very low. g

lHow does the engine perform on propane?

Much better than on gasoline. Propane is a fuel of
approximately 110 octane. My pontiac 301-cu—-in-
engine emits no spark knock on heavy acceleration. ,
as it sometimes does on gasoline.

Are there harmful effects on the engine?
None whatsoever, in fact, I've been told to expect
longer engine life. Since propane in the engine does

not form drops of liquid (like gasoline) to wash
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down cylinder walls and dilute motor o©il,oil-change
intervals may be extended. I can expect longer ljfe
from sparkplugs, too, since propane leaves no car-
bon. The engine 1s Kkept clean.

I am so convinced of its beneficial effects that 1
use propane as my main fuel and keep gasoline in
reserve. In daing this, however, I run the engine
every couple of weeks on gasoline to prevent rubber
parts in the carburetor from drving out, and 1 will
make sure each tank of gasoline is consumed and re-
plenished at least once every three months.

( while the articale was under print, the proces of
petrol have registered yet another upward shift to
Rs. 5 & Rs.5.53 per litre - Rs. 22.73 & Rs.25.14 per
gallon - of regular/super variety)

(7hile the article was under print, the prices of
petrol have registered yet another upward shif: to
Rs. 5 & Rs. 5.53 per litre - Bs. 22.73 & Rs. 25.14
per agallon - of recular/super variety)

v tallegt office building in the world is Sear's Tower complo
~tewd in 1274, the national! head quartcors of svars robuck & co.,

Cioioaeo {(PLJE.7) with 110 stories, rising to 1,£34 feet({tie adu-
tion of two T.V antennac brought the total heiwat to 1.7 Fect).
Yiar orass area is 4.4 million soguar feet (1910 aores)  Tie ouild-
inas population is 1v,700 served by 103 clevetors and ic oscal-

giors. It has 16,000 windows.




Conjectures
By
KHALID FARUQ

One cannot reconcile with the idea of a'conjecture'in such
a definite and precise seciecnce as mathematics. It would
hovever be interecsting to know that a regular speclies
of conjectures do exist even 1n mathematics, which are
1amed after the great mathematicians who spelled them
cout. A "Conjecture' it may be. statéd dis a proposition
without a mathematical proof and is a challenge to the
world either to prove it or to disprove it - either way
1t would bring. name ard “ame to the person who does it.
Such conjectures are a tribute to the amazing intuition
of the mathematical geniuses who propose them.

There ig for instandce fthe Goldbach egnjecturs Gataing
baclk to 1742, that every even number (except 2) can be
eXpressed as the sum of two prime numbers (e.dq. 24 =

17 + 7 etc). The proposgsition still stands unvitiated as
well as unsupported. Neither it has been proved nor dis—

proved, nor an even number has been produced which 15
not the sum of two prime numbers. A Pussian Scientist
working on this prceposition was able to show in L

‘that each even number is the sum of not more than 309,000
prime numhers. Another Russian Scicntist later on nar-
rowed the gap to 'sum ¢f not more than 4 prime numbers'
and there the matter rests. .

Similarly Fermat: conjecture is that there are no posi-
tive integer solutions to the eguation X0 + yn = o I
for values of 1 greater than 2. [l.e. an integer solu-

tion of the type 32 + 42 = 52 doas not exist for values
oF o haaher chan. 20 . In EaCt in the vear 1621 ths ma—
thematician macde a remark about the above ecuation in

the margin of a book which was under his study, that he
had discovered a truly wonderrful proof of the same, for
which the marain in which he was writing did not provide
enouch space. It was quite some time after the death of



the mathematician that the above remark came to - notice
by chance and since then the mathematical world has been
toiling in vain for 3 centuries to discover that  won-
derful proof which the mathematician had in mind. A re-
ward of 100,000 German marks for providing a solution
inspite of generating ‘much interest’' failed to preduce
an answer. It has however been shown mathematicaldly that
the proposition holds good for each value of n upto 269,
but no generalised proof is forthcoming.

We may refer to yet another problem in the same line.In
any map drawn either on a flat surface or a globe, 4
colours alwavs suffice to avoid confusion at the houn-
daries of the 'states’.

Try as you will, you can never devise an imaginary map
(on a flat surface or a c¢lobe) which regulres more than
4 colours for avoidinc confusion at the boundaries of
the States. The best that has Leen done is to show ma-
thematically that not more than 5 colours are sufficient
for the proposition, but the final break through has yet
to come.

!
THiT TASTCST CAMEEZ
The tastest camera in the =»rild is the Imacon 600 manu“acturcd o3
Jolwy Hadland (P.T) Ltd ©f Encland which is capable of e0u mi. . jon
photocraphs per sccond,with the maximum Framing rate.lscs fnc. ade
lascer,ballistic,detonic, - asma and corona research.
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Saleem's Null Point Discharge Meter for measuring
discharge of field Water Courses(Details Overleaf)
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SALEEM's NULL POINT DISCEARGE METLR

A special technicue has been developed in Irrigation Re.-
search Institute to measure accurately the discharae in
a runnina water course. This has its special application
in the accurate measurement of convevance losses inrun-
ning water courses.

The technicue is based on the principle that at the
desired selected station the entire discharoe is hve-
passed with a pumping unit, passed through a water meler
and then again discharged in the same water course at a
distance of about 25 feet down stream as shown in the
ton photograph. The water lyving in the water course bet-
ween the two points, viz. the point where water is
sucked and the point where it is re-discharced, i=s sub-
ircied to three states:

k) the water in this section flows in the For—
ward direction (with reduced velocity of
course) if the pumped water is less than the
total discharae in the water course.

(ii) it flows in the backward dircction if the
pumped water is more than the total inrcoring
discharge

(iii) it is stationary if the pumped water is Ex—
actly the same as the incoming water 1in the

water course.

To indicate accurately the Null point a special aonpara-
tus has been developed in the Institute, which has a
very sensitive 'flapper' as shown in the bottom nhoto-
grava. When the null point is attained, the meter read-
ing in the water meter gives accurately the discharge
flowing in the water course.

The pumping unit is mobile, handy and runs with a small

diesel engine. A similar ohservation can be carried out

at some suitable station down stream in the water course
This will give the conveyance losses between thesc two

staticns. The apparatus thus works without altering the

conditions in the waler course.
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TOUGH
COMFORTABLE
DURABLE
- SG0B
DVIS BOOTS

Specially designed and made
for the personnel of the

Defence Services,
Civil Defence and Police.
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