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FORWARD:

The technology of fibrous ferrocement in the South Pacific
region was pioneered by the World Health Organization
principally thru the efforts of Eli Dekel and Todor Vidinov in
Fiji and the WHO consultant Douglas Alexander of Auckland, New

Zeal and. The real push was by Mr. Videnov who relentlessly
pursued the conviction he held about the quality of the
product and futw e possibilities of the technology. I+ it

waan’t for his zeal and push the branch of the technology
reresented in this publication would not have been developed.

It is the author’s sincere belief that the precasting of
fibrous ferrocement components, as described in this
publication is an exact construction procedure. As in any
concrete operation, for really outstanding results all
conditions must be closely controlled. Wher the techniques
described herein are followed the result is an extremely high
quality product. The result of the use of these high quality
components is & properly engineered prefabricated unit which
can be succesfully built in the villages by the people of the
vill ages. However there is no way that the exacting
conditions required for the casting of these units can be
exchanged +for any amount of enthusiam or compensated by any
amount of community participation on the part of people
1nexperienced 1n concrete onerations.

Credit must be given to Ms. Tamaleti Vakasiuola and her
village womens groups who were precasting sanitary units,
utilizing coconut fiber reinforcement, before Tonga was
di1scovered by the author. The extremely important
contribution of this previous work was the fact of the
expressed need for i1improved sanitary units and the prior
acceptance aof the precast component, village assembled
concept.

Lloyd H. Belz.F.E.
F.0. Box 208
Nuku’alofa, Tonga
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INTRODUCTION

The need for a precast septic tank that could be constructed
in high ground water, even below ground water led to the state

of the art described herein. Holes, when dug for the tank
construction, filled so fast that there was no time for
forming or block 1laying. It was desireable therefore to

develope the precast system that could be erected within an
hour or so. Later the poor performance of wood materials as a
shower house lead to the development of the precast houses
where the longlasting quality of concrete makes this an
excellent application.

The engineering design approach to precast ferrocement
sanitary units can only be pseudo-scientific at best. The
loading is always unkpown and variable. Materials and
processes lack consistant dicipline. Therefore most attempted
calculations of loadings, moments and stresses demonstrate a
simple lack of understanding of the praoblems. There still
remains however & need for the optimization of steel and
concrete.

What then can be the design philosphy ? The development of
economies in the use of materials can best come through
engineered guesses, failures and experience. The controlling
criteria should be to get the very best both in the resultant
product strength and appearance from the materials used. The
engineered cut and try or the empirical approach i& probably
then the only practical approach.

It is easy, especially for engineerse, to allow their trairing
and habits to cloud the end obaective. The real obljective is
not the production of optomized precast ferrocement pieces but
to improve the health of the people through the furnishing of
sanitary units of a standard that will make their use
preferable to the bush and that will fullfill reasonable
public health requirements.

One o+ the more important objectives of the original program
was to upgrade the concept of what an excreta disposal unit
looked and smelled like. In the development of a nation the
health of the people is definitely and directly affected by
the a&attitudes toward and procedures used in the disposal of
human wastes. The disposal of human wastes., will as the
population densities in the developing nations become higher
and higher. become more and more of a problem. In the
ultimate stages 1t may become more critical than <food. New
generations must change and adopt attitudes and practices that
allow coexistance under extremely high population densities.
The arithmetic of this problem is presently 1n actiaon.
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THE THEURY AND ITS APFLICATION A GENERAL DISCUSSION

Ferrocement and fibrous ferrocement are a form of reintforced
concrete but with some major differences. The handling of
imposed stresses 1s much the same i1n ei1ther. The differences
occur 1n the way the minute cracks develope when the material
18 stressed. In Fferrocement cracks appear more often but
smaller and by design can be controlled so that the material
can bend further thamn reinforced concrete. This extra bending
allows greater stressing of the steel thus the use of high
tension steel and greater economies since steel 1s i1n essence
sold by the kilogram. Corrosion of the steel will occur when
water penetrates thru stress cracks and reaches the steel.
Ferrocement 1s designed so that the cracks which appear when
the materi1al is stressed are so small that water will not
penetrate 1nto the cracks far enough to damage the steel.

The technical aspects of the material are best left to the
experts, there are several consultants and universities that
specialize 1n the material. Our interest here 15 to utilize a
well developed, quite complicated, technology in such a way
that 1ts” use 1n the field can be handled by ordinary
crattsmen and so that the economies from the latest technical
developments are avallable to the developing countries where
they are so badly needed.

The application o+ the fibrous ferrocemt technology, as

represented here, 1s a well developed and thoroughly field
tested technology. Sanitary units constructed 1in the
development of this technigue have been in operation in Tonga
since 1981, They have been carefully monitored and have

proven satisfactory.

The material in this booklet represents the state of the art
in Tonga 1n 1985.

)
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THE VENTILATED FIT LATRINE:

General:

The ventilated pi1t latrine or the VIF 1s a highly i1mproved
version of the old pit latrine. It was developed 1n Africa
principally by the World Bank. Thousands of these units have
been built with every conceivable type of material, vyet all
must employ the same principals. In 1985 there were a total
of approximately 40 being used in Tonga, some for as long as 4
years. The improvement over the old style pit latrine 1s
amazing. Flies 1n the house are practically non existant (even
though there 15 some fly breeding in the pit). The usual pit
latrine smell doesn’t exist and the general atmosphere in the
unit makes 1t more comfortable and acceptable to use.

Frinciples of operation:

The wventilation pipe and ¢the air tight pit are the most
important components. The ventilation pipe must be thought of
more in terms of a chimney than a plumbing vent pipe. It must
be si1zed large enough to work on temperature differences, like
a chimney. As the air goes up the vent pipe it 1s pulled down
through the seat and riser pipe. The full and exact reasons
why air gbes up the pipe are not yet known but 1t may be
partially heat makes the ai1r rise or 1t may be the wind
blowing across the top of the pipe sucks 1t out. The reasons
matter little as except for a few weeks 1n the year the air
going up the pipe keeps the air and smell from the pi1t from
the air is forced to go down through the seat and riser pipe.

2
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It is easier for the air to go through any hole 1n the pit
than down the riser pipe so if the pit is not absolutely air
tight the VIP ventilation won’t work right and it becomes no
better than the old fashioned latrine.

Flies have two wealnesses that are taken advantage of with the
VIP. They are attracted by light and they will not fly down
and away from light 1f they are trying to escape. ANy flies
in the pit see the light through the vent pipe as the
brightest light, since the light from the seat and riser pipe
1s protected by the house. Theretore they fly up the pipe and
once there encounter the screen. Since they will mot fly down
they stay next to the screen and eventually die and fall back
down 1nto the pit. The fly-tight screening of the top of the
vent pipe is of course an absolute must and the maintenance of
this screen so that flies cannot escape is critical.

Construction:
The precast ferrocement construction kit contains everything
that 1s needed to completely assemble the unit except for the

labor. There is no need to search the stores for materials
that have been sold out. The precast concrete will last
indetinitely, there will be no rot, no mold, 1n fact the

concrete will gain strength every year that passes.

I+ ground water is encountered while digging the pit the VIF
should not be used but a pour flush type, which 1is even
better, should be used. A well can be dug and the water can be
used to flush the latrine.

Construction is started by digging the form for the foundatior
ring. This ring rewinforces the edge of the hole to help
prevent caving in and makes the pit absolutely sealed air
tight to the ground. When the foundation is poured the riser
boards are set in the fresh concrete to receive the main slab
atter the concrete has hardered. The riser boards must be set
perfectly level and square. Level must be checked by the use
of a carpenters level and square should be checked by
measuring and adausting so that distances between the two
diagonal corners are exactly the same. If there 1s any
question ot the builder’s ability to do this it is better to
gently et the main slab on and adiust while the concrete is
fresh. The main slab must be carefully sealed to the riser
boards using a sticky mortar. This 1s best done by a man
standing 1nside the p1it. The seal may be made air tight by
mortaring all places where light from the outside can be seen
while standing 1i1n the pit. See picture showing this final
inspection.

The house 1s then assembled using the stainless steel taie
wire. The riser pipe is mortared on the outside only which
is sutticient to hold it in place. The door, which has been
custom prefitted with the hinges on the side piece, is
installed. The earth is slightly mounded near the walls so
that any rain will flow away from the unit and aggregate,
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small rocks or some form of protection is placed where the
rain willi fall from the roof so 1t will prevent any washing or
erosion.,

The 1nside surtace o+ the house 1s made with a perfectly
smooth surface that can be painted 1f desired.

Frovisions should be made for hand washing atter using the VIF
even though this 1s difficult where there 1s no piped system.
1t 1s important that the woman 1n charge o+ the ot the home
see that this be done.

The pi1t should be dug as deeply as experience has shown the
surrounding ground to safely stand over a period of time. The
depth ot the pit directly affects the expected life of the
pit. The vyears expected life of the pi1t using the standard
81Ze unit may be computed by the following equation:

1.370 » depth meters

Years pi1t life = ——-——————————
0.030 % number of people using

THE CONVERTIELE RISER PIFE:

The convertible riser pipe allows the conversion of a VIF
latrine to a pour flush or vice versa by the installation or

removal of a plastic liner. This feature was found necessary
because of the i1nconsistancy of the water supplies 1n the
villages. Water may be on or off depending on many things
including breakdowns, nonpayment of bills so diesel camn be
purchased, or sometimes how busy the operator gets with other
interesting things. Un one visit to an outer 1sland 1n the
Ha"apair group in mid 198Y%, to the village ot Falemea, the
water was found to have been off for & months. lhis 1s

certain to create a proplem in pour flush latrines which are
not equiped with the convertable feature.

The convertible riser pipe employs the ultimate in simplicity
in the +orms reguired. Two sawn pireces of wood and a flat
sheet ot metal 1s all that is required. The thickness ot the
riser pipe being produced is controlled by the worker making
the piece. Wnhile 1t takes several attempts to achieve a good
product the skill level 1s achievable by the average
construction worker.
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THE FOUR FLUSH LATRINE:

General:

The pour flush latrine 1s also known as a "Fhilippine" and a
"cup and saucer'". It provides all of the advantages of any
water seal toilet without the complications required 1n the
maintenance of a flush tank. there are no flies., No odors and
no fear ot children falling through the seat as with the VIF.
The unit can be constructed next to or 1nside the house which
will encourage 1ts use. It should be noted that the best
latrine i1n the world 15 of no use 1+ not used. Children
especially should be encouraged to use the latrine.

Water should always be piped to
inside the pour flush latrine
house.

High ground water:

If the groundwater 1s within
0.6 meters from the top of the
ground the high ground water
model should be used. See the
special section i1n this report
that discusses this problem.
Modelse of this type have been
succesfully tested where the
groundwater was within 0.1
meters from the surface ot the
ground.

Construction:

The precast ferrocement
construction kit contains
everything that 1s needed to
completely assemble the unit
except for the labor.

iThere 18 no need tao search the stores {for materials that have
been sold out. The precast concrete will last indefinitely.
there will be no rot, no mold, 1n fact the concrete will gain
strength every year that passes.

1+ ground water 1s encountered while digging the pit a well
can be dug and the water can be used to flush the latrine.

Construction 1s started by digging the form for the foundation
ring. This ring reinforces the edge of the hole to help
prevent caving 1n and makes the pi1t absolutly sealed air tight
to the ground. When the foundation is poured the riser boards
are set 1n the fresh concrete to receive the main slab after
the concrete is hardened. The riser boards must be set
perfectly level and square. Level must be checked by the use
of a carpenters’ level and square should be checked by
diragonal corners are exactly the same. I+ there 1is any
question o+ the builders’® ability to do this it i1s better to

12
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gently set the main slab on and adiust while the concrete is
tresh. The main slab must be carefully sealed to the raiser
boards wusing a sticky mortar. This can not be done from
inside the pi1t as with the VIF but must sti1ll be done well to
keep flies from entering the pit,.

The house 1is then assembled using the stainless steel tie
wire. The seat and riser plpe is mortared on the outside only
which 1s sufficient to hold it 1t place, or 1f a ceramic bowl

1 used 1t is bolted to the main slab., The door, which has
been custom prefitted with the hinges on the side piece, 1S
installed. The earth 1s slightly mounded near the walls so

that any rain will flow away from the unit and aggregate,
small rocks or some form of protection 1s placed where the
rain will fall from the roof so 1t wi1ill prevent any washing or
eraosion.

The 1nside surface of the house is made with a&a perfectly
smooth surface that can be painted 1f desired.

Fiping water inside the house ensures that water 1s availlable
for hand washing. This hand washing after use 1is very
important and the woman 1n charge of the of the home should
see@ that this 1s done.

The pi1t should be dug as deeply as experience has shown the
surrounding ground to safely stand over a period of time. The
depth ot the pit directly atfects the expected life ot the
pi1t. The vyears expected life of the pi1t using the standard
si1-2e unit may be computed by the following eqgquation:

1.370 % depth meters
Years pit life = ———--—rmm—— e
0.040 x number of people using

HOUSES FUR VIF®S, FOUR FLUSHES AND SEFTIC TANK SHOWER HOUSES:

Frecast fibrous ferrocement houses cost more than a house made
ot salvage materials, but only very little more than a house
made of new materials. Houses made of wood or made with wooden
+traming material will start to rot within a few years, sooner
1f the umit 1ncludes a shower or 1f the floor 1s flushed out
with water to clean it. The precast concrete house presents
an acceptable appearance and can be placed nearer the home.
This materially increases the probability of use.

The precast ferrocement construction kit contains everything
that is peeded to completely assemble the unit except for the
laboar. Un the septic tanl shower house unit complete
pretabricated piping and all fixtures are i1ncluded. There 1s
no need to search the stores for something that always seems
to be "+inished”. The entire house 15 constructed of precast
ti1brous ferrocement parts except the door which 1s timber. The
inside surtaces ot the walls and roof are cast on formica

13
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which creates a surface smooth as the formica on which 1t was
cast and cleanable as only & perfectly smooth surtace can be.

FPaint can be applied to the surface as desired. Mold or roaot
cannot happen. Concrete will not rot or mould unless something
foreign is on the surface. In fact the concrete will gain

strength every year that passes.

The house 1s assembled using the stainless steel tie wire.
The door, which has been custom prefitted with the hinges on
the side piece, 1s 1nstalled.

SEFTIC TANKS:

General:

The purpose ot the original prefabrication of the fibrous
ferrocement precast septic tanks was to have a tank that could
be erected in high ground water conditions. The pictures show
typical situations 1n the Nuku’alofa area. The hole can be
dug. usually some pumping or bailing 1s necessary, but 1f left
avernight, the hole fi1lls with water and repumping is
necessary (see picture showing this). The pretabricated units
allowed rapid construction and completing the job within hours
overcame the water problems.

When these tanks are installed 1n these conditions, where the
etfluent discharges directly i1nto the groundwater, treatment
of the effluent 1n the "unit operations" sense 15 not
possible. Freventing exposuwe of the effluent to humans or
animals 1s possible and 1s the only alternate. fourd to date,
that 1is both possible and practical. The object of the
"treatment” thus becomes preventing exposure of the effluent
while nature does its work and the pathogens die a natural
death. It 15 believed that the resultant biological activaity
will mature 1nto a system which will give full treatment but
this has not been 1nvestigated. Further study of the
happenings 1n thi1s type of system 15 recommended.

The tanks are manufactured 1n two sizes 128 cu.ft. (2622 1)
and 200 cu.ft. (5660 1). The 128 cu.ft. si1ze 1s for the
normal single family dwelling. The 2Z00 cu.tt. is for
commercial and schoal use. At least 20 small tanks are sold
tor every large tanbk. This +act is making the continued
manufacture of the large tant guestionable as the unit costs
tor the molds are therefore high.

The tanks are si-ed on the basis of the time 1n years before
pumping out 1s required 1n the average home. Smaller tanls
could be used and some mathmaticians could show them to be
more economical. We believe the larger tanks, with around 1o
plus vears pump out periods are warranted. bince no
inspections ot the tanlkls are made the first sign ot trouble 1s
that the toilet won't tlusnh properly. Unfaortunately by this
time solids have carried over 1nto the soi1l absorption system
and have lowered 1ts capacity, probahly forever. Fortunately
experience shows that the capacity will recover enough to

14
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function properly. The “pump out problem" is that once the
owner realizes that the tank requires pumping out there are a
series of events that must occur, The first event 1s the
decision that the tank requires pumping out. then he has to go
to the Ministry of Worlks, pay a sum of money, wairt sometimes
up to two davys. remove the concrete lid on his septic tant,
wait while the pumper operates, remortar the lid bacl on the
tank and clean up the mess. These events are difticult and
the value of not repeating them oftener than absolutely
necessary 1s difticult to estimate. A guide to size ot the
tank cannot be found 1n the literatuwe as there 15 no
reasonable agresment o0t the si1zes required by codes 1in
ditferent places in the world nor the pumpout times desitrable.

Uur pumpout times are based on a yearly storage requirement of
40 liters per person contributing adult and half of this for a
child. Additionaly one day’'s flow volume 1s reserved to make
the case 1deal. The latest census i1ndicates an average family
of & persons. two ot which may be considered children or an
equivalent storage requirement for S adults, (Our original
calculations were based on 7 persons per family.) The average
pumpout time 1n years 1s for an outside unit:

(3622 — (5 x B2)) % .8
Fumpout time 1n yearss—-—————————————————————— = 12.8 vears
S x 40

The 3622 15 the total volume of the tank which 15 reduced to
BO%4 of this to allow for =21r space. One daily flow volume at
82 liters per day per person is subtracted from this. This
calculation 15 about as rough as a calculation can get but
vields a concept at least. Time of testing has not allowed
this pump out time calculation to be varified.

in the larger unit for schools and commerc:ial use the daily

flow 1s the controling parameter. The si1zing formulas need not
be discussed 1n this paper.

15
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THE SEFTIC TANK SHOWER HOUSE:

beneral:
The septic tank shower house is an 1deal unit for Tonga,
particurlarly Nuku'alota for the following reasons:

1, It 15 an all concrete structure, will last
indeftinitely,

2. It can be kept clean.

Z 1t 1s economical to build. Units constructed ot
concrete block are considerably more expensive. Further
contributing to its economy 1s the t+act that the septic tank
forms the foundation and floor for the structure. In late 1985
the cost ot the erected unit ready to use was $750.00T7
($220.00 Ub) using government prices and castings from the MOH
plant operated under the National Sanitation Frogram.

4. It can be constructed 1n any location desired,
attached to the house or, as is more otten preterred. may be
erected away from the house.

5. It has a high ground water adaptation. For a few
extra loads of quarry material and labor to build the soil
absorption system it has proved itself to be ideal for the
high ground water areas around Nuku’alofa.

6. It can be ready to use only a few days after the order
is made.

7. It 1s an engineered unit. All worry about working
properly. or working at all, has been taken from the hands of
the individual plumber building the structure.

8. It 18 as modern a toilet block as the ones 1n New
Zealand. A flush type toilet may be used, even though the
pour +flush bowl uses less water and has less maintenance. Also
included are a porcelain handbasin and a shower.

Features of construction:

The entire unit 15 constructed ot precast fibrous ferrocement
parts except the door which 1s timber. The i1nside surfaces of
the walls and root are cast on tormica which creates a surtace
smooth as the formica on which 1t was cast and cleanable as
only a perfectly smooth surface can be. Faint can be applied
to the surface as ogesired. Mould or rot cannot happen.
Loncrete will not rot or mould unless something foreign 1s on
the surtface.

No drainage plumbing i1n the usual sense exists. The floor 1s
tormed 1n two shower pans which drain directly 1nto the septic
tank. The toilet flushes directly i1nto the tamk through a
vertical plpe extending to the center of the tank.

The so1l absorption system utilized in normal soi1l conditions
1s the seepage pit type. This 1s formed when drain gravel is
used under the base slab of the tank to level 1t and used to
f1ll the excavated space around the tank up to Just under the
surface ot the ground. The standard soil absorption trench
system could also be used 1n case there 15 only a limted
distance from the bottom of the pit and the ground water and
the ground water 1n the area is to be used for drinking. This

16
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costs a little more constructior labor and 1n Nutu'alota 1s
not necessary; theretore the seepage pit type 15 naormally used.

tn high groundwater areas the dose rate of the effluent to the
absorbing so01l 13 lowered to one guarter the dose rate for
normal soil., In longa a high groundwater area 1s anywhere the
groundwater, which is the top surface ot the freshwater lens,
1s encountered during the excavation of the tank. in some
locations being settled the groundwater 1s at or even above,
1n exceptional cases, the surface of the ground. Ihe recent
raintalls and tiges also attect this water level. Note the
pictures of construction of the units paying particular
attention to the groundwater level which 1s visible even 1in
the pictures. The methods and reasons far the construction
teatures ot the hign ground water adaptation ot this unit are
discussed elsewhere 1n this paper.

THE HIGH GROUND WATER FOUR FLUSH:
The high ground water pour flush was developed to provide a
unit that could be used 1n the swampy areas currently being

settled by the Government of Tonga. Ubservations of failures
1n  these areas with the standard pour tush systems i1ndicated,
as usual, that the ground was unable to absorb the sewage

produced. This was because of too high a dose rate or, said in
another way too much water 1s being applied too to small an

area. The hign ground water pour flush allows a lower dose
rate and has proven successful 1n these difficult areas. The
dogse rate used 1s 10 liters per day per square meter (0.25
gallons per day per square foot) in this odesign as oposed to
the 4u liters per day per square meter (1.0 lpdpst) normally
used.

Note the drawing snowing this construction. Special riser
boards are used or concrete blocks with the lower layer laid
without mortar 1n the vertical Joints. The key with its dirt

gam 15 utilized to contine the ef+luent to the soakaway area
and to prevent contamination of tlood waters when they rise
above the ground level.

THE HIGH GROUNDWATER SEFTIC 1ANK SUIL ABSORFTION SYSTEM:

The high groundwater septic tank soi1l absorption system is
exactly the same as the standard system except for the so1l
absorptian system. The difference in the high groundwater
s011 absorption system 1S that the dose rate is calculated at
10 liters per day per square meter i1nstead of 40 lpdpsm (.25
gal per day per square foot v.s 1.0 gpdpsf). This requires an
area about & meters by & meters (19.7 ft. x 19.7 ft.) for the
average home in Tonga and 1s used as the standard.

Hecause this style of soi1l absorption system 1s used 1n swampy

areas subiject to periodic flooding a dam is constructed around
the draintfield to the flood waters on the outside of the dam.
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fne construction of this dam or dike 15 clearly visible 1n the
pictures. First & oditch 1s odug to sever all roots and
possible root channels. ihen clay or topsoil 15 used to fi1il
the oi1tch and +111 up to the +uture top ot the drain rock
level. [(he area within the dam which forms the sol1l absorption
system. It has been necessary to armor the outsidge edge ot
the dam with hand placed rock to prevent damage from p1gs.
Figs go straignht for this sott dirt., as water starts to rise
during a storm or flood, and root for food. As a test
tluorscene dye was added to several units on a weekly basis to
determine 1F 1t could be observed, with the naked eve,
escaping from the damed otf area particularly during flooding.
Un one unit, which had suffered pig damage at the dam, dye was
observed. No other escape of the dye was seen on any other
units,

The top ot the drain rock was originally covered with a
blanket aof cut grass as 1n a normal drain trench. The thought
on this 1s that by the time the garass rots the soi1l has enough
structure to prevent the dirt from falling i1nto the drain rocl
thus preventing the tree flow ot water through it. This 1s
the case 1f JSumm (1 +t.) 15 applied but where we are aplying
only a few 1nches when the grass rots the dirt will +all into
the drain rock when walked on. We now makre a filter on the
top layer with rock betore tne application ot the dairt. A
tilter 1s constructed by adding rock of a smaller and smaller
s12e 1N layers until the size ot sand 1S reached. The total
thictness of this filter need not be over 4 to & i1nches (10Umm
to 1o950mm). The dirt blanket torms a barrier +or any smells and
turnishes a place for grass to arow.
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HIGH GROUNDWATER AREAS SUCH AS THIS £ I e D ;

MAKES EXCRETA DISPOSAL IN THE THIS I'[GLE W]LL FILL W[TH WATER
BY MORNING

38 ’ W,

APPROVED WAY IMPOSSIBLE

4y

B
THE NEXT MORNING THE WATER 18 NOW
AT THE TRUE GROUNDWATER LEVEL
THE FRESH WATER LENS LEVEL

PRECASTING MAKES THIS INSTALLATION
SIMPLE

L)

=Y B e KPS [ 7 TN . A g T . Qe
THE HIGH GROUNWATER SYSTEM UNDER PARTIAL COMPLETION. PART OF THE
CONSTRUCTION. NOTE THE EXCAVATION DRAIN ROCK AND PART OF THE DAM
FOR THE DAM. HAS BEEN COMPLETED

THE COMPLETED SEPTIC TANK SHOWER-

HOUSE UNIT. NOTE THE PIG PRO-

TECTION ROCKS AROUND THE PERI-
METER OF THE MOUND

THE DAM HAS BEEN COMPLETED
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THE S000 LITRE RAINWATER STURAGE TANK:

The 000 liter rain tank 1s an adaption ot the "Cook Island
Modular" tank. The design and methods were used directly but
with some modifications.

The corners as described demanded a degree of carefulness that
required careful and constant supervision. This was overcome
by & ¢hange in the corner design. The vertical corners are
poured using &" (1530mm) drain pi1pe that has had one quarter
cut out. One piece is placed 1nside and one piece outside the
tant. The two pieces of pipe are held 1n place by continously
threaded bolts and nuts. approximatety 8" (200mm) long., spaced
at about 5S50cm i1ntervals.

The bottom 101nt 15 made using board forms 1pside and out that
allows pouring this Joint also.

Alternate design tanks currently being constructed which use
wire only +or reinforcement (no fiber). They are made 1n a
cylindrical snhape and can be produced for a unit cost ot
starage of about one half of the costs of the fibrous
terrocement tanks. The +i1brous ferrocement tanks. which are
cast under controlled factory conditions and assembled with
experienced supervision are ot a considerably higher guality.

it appears that, given the current zeal +For village
participation without 1laimiting it to quickly achi:evabnle
skills, only time and experience will praove the superiority of
tactory production, and even possibly the economies of a rain
water storage tank with a higher i1niti1al cost.

THE RAINWATER STRAINER:

The development of a suitable rainwater strainer was a long
overdue event. For years people have realized that rainwater
1s the cheapest and best source of water for the smaller
Facific 1slands. This 15 particulally true where the
rainwater can be supplemented with ground water. Rain water
storage was not as easily done 1n times past as 1t 158 today.
The aintroduction of several kinds of construction techniques
for ferrocement rainwater storage tanks has finally opened the
door to the harvesting of this perfect resource. It 1s
shametul that such a wonderful resource is, 1n 1ts harvesting,
s0 otten degraded by i1gnorance and neglect. Most rainwater
starage tanks are not mouse proof, none observed before the
installation ot this strainer have been mosquito proot. water
with dead mice floating 1n 1t and mosquito larve swimming
around 1in 1t should not be accepted as suitable for human
consumption. Straining systems which are not at least to some
degree sel+ cieaning may serve as a retainer for any garbage
that may have tound 1ts way from the roaf to the strainer.
Fresh rainwater will have to pass through this garbage.
FPeriodic cleaning 1s required for any strainer but some degree
problem on new ferrocement tanks is as simple a&as supplying

¢
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and 1nstalling the strainer as described herein coupled with
an educational program. The older tanks may be more ot &
problem, especially the large village tanks, but they
certainly should be corrected.

The materials cost of this strainer, utilizing stainless steel
sSCreen., 15 under %15.00T7 (£10.40 US). The usetul life ot the
strairner which utilizes only stainless steel and concrete

should be i1ndefinite. The addition ot +iber to the mix makes
the strainer more resistant to cracking and 15 desirable,
however any wlre may be substituted tor the fibre. There 1s

Li1ttle further eicuse for drinking substandard rainwater.

AN educationai program should accompany the i1nstallation ot
the screen. The roof must be regarded as a catchment area and
kept clean and free ot vines which harbor mice and rats. Mice
and rats can transmit Weils® disease, through their urine, to
humans. Chickens that walk around on the root should be
killed. 1he screen, while mostly self cleaning, will require
an occasional assist and i1nspection. The plate on which the
screen 1s 1nstalled must be properlily sealed with mortar to the
tank 1tsel+t. Any holes in tnhe tank must be plugged or
screened., Health i1nspectors during their village i1nspections
should be particularly observant ot these points.

The strainer 15 constructed 1n two operations. First the
strainer body and screen are cast using the metal mold. The
use of the steel mold makes the casting nearly fool proof and
good dimensional control 1s obtained. The screen is preformed
and placed:1n position then held there by wooden pins during
the 1miti1al placement ot the mortar. Wnhen 1n use there are
essenti1ally no stresses expected except thermal stresses So
minimal reintorcement is necessary. We use steel fibre but
any steel wire may be used, placing 1t along with the mortar.
Second the completed strainer body is cast into its base. The
baseplate must be designed to fi1t the exact tank onto which
the strainer 1s to be fitted. Sloping tops and varaing
norizontal angles of pipe delivery must be accomodated but are
easlly within the skills ot a clever workman. Note that the
hole through which the screened water will flow 1s only
approximately = 1nches by 9 1nches (90 mm x 250 mm). This 1s
done +or two reasons. The first, 1s to keep sunlight out of
the tanl since this will produce green aige, the second 1s
tor strength.

btainless steel screen 1s used tor the rainwater strainers.
lhe cost 15 about 7 times as much as aluminum wire but the
stainless screen 1S much heavier and should last i1ndefinitly,
even under the corrosive i1sland atmosphere. It 15 ordered in
48" wioth so 1t can be cut to the B inches (Z200mm) width as
required for the i1ndividual screens wilithout waste. This wire
can be ordered cut to size, the cut size 1s 8" by 14" inches(
L00  mm ox IS6mm) . 1t should be specified as "stainless steel
standard grade wilre cloth—-type %04, 1616 mesh per lin inch,
.18 1nch wire diameter,

N
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THE LAYOUT UF THE HRODUCI ION HLANT:

The precasting of t+errocement products 1s 1n reality a series
of material handiing prablems. fhe equipment selected to
etticiently handle tne heavy products through their production
paths must be related to the volumes to be handled and are

Jimited only by the i1ngenuity the designer can employ. F or
our combination of budget, Llabhor costs, ana capital avairlable
the monorail system seems to be the best. For the design ot

other new plants some original thinbing and study will prove
very rewarding. 0Une ot the controlling factors 1s how otten a
tortk li1ft 15 available. ln our plant the fork 1li1ft is
normally used only for loading out pallets ot components onto
tructs for transport to the erection site. (Other than this it
18 used only about every two months to rearrange or transport
to storage the full pallets.

The flow pattern can be seen by looking at the pictures. The
aggregrate 1s dumped at one end where it may be screened 1f
required. The aggregrate 1s tnen measured by wvolume and

agunped 1nto the mixer. From there 1t is cast on the vibrating
table and transported by monorail for overnight curing. Atter
removal +rom the forms the pieces are stacted on 1ndividual
pallets. BEach pallet stores only identical pieces. When the
pallets are full they are transported by fork lift to a less
active part or the yard for storage and further curing unt:il
needed.

ALl other materials to be used are brougnht trom storage and
stached adiracent to where they will be needed on the
production 1line. Unly the amounts tnat can be easily
transported are taken at one time and never more than one
days supply.

Mold repair requires a section ot 1t own andg once thne plant 1s
1in gperation 1% something that must be continued almost every
aay. Ihe mold maintenance sned 1s not visible 1n the plcture
of the overall plant. 'he same shed 1s used for
pret+abricating plping. constructing doors and other minor
tashs.

The storage section where the pallet loads are stored for
curing and use requires a sizable area. e layout should be
caretully planned.
LASTLNG FRUCEDURES:

ln the typical casting tne cleaned and prepared mold 15 placed

on the vibrating table. Reference 15 made to a formula boolk,
the proper volume ot materials are measured i1nto the mixer and
the high tensile wire as required 13 cut. in  aill flat

castings one halt+ o+ the total volume 1s mixed at one  time,
s1de, end or bottom,. ACcordinyg to the pirece the placement of

V)
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SEPTIC TANK SIDES. o
NOTE CONSTRUCTION TIE WIRES BACK PANEL SHOWER HOUSE

V.L.P. SIDES

SEPTIC TANK END PIECE SHOWER HOUSE ROOFS



DOOR PANEL. INSET SHOWS BOLT ASSEMBLY
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FRONT PANEL FOR SHOWER HOUSE

CONVERTIBLE RISER PIPES WOODEN SEAT ATTACHMENT BLOCK

SHOWER HOUSE FLOOR PAN.
HOLES ARE FOR DRAIN
SEPTIC TANK END PIECE AND TOILET PIPES



THIS IS FIBRE STEEL PLACING SECOND LAYER

L
MAKING HOLES FOR
PLACING WIRE ON FIRST LAYER OF MORTAR ASSEMBLY TIE WIRES

Rl " .

PLACING WIRE IN FENCE POSTS.
HOLDING MOLD WHILE VIBRATING THREE LAYERS ARE USED
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THE RISER BOLT. A BASE PLATE WITH 4 SCREWS IS BETTER

NOTE THE EDGING FOR THE WATER TANK THE RISER BOLT AFTER USE
SLAB, THIS ALLOWS THE WIRES TO PROTRUDE
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NOTE THE SURFACE QUALITY THE UNDERSIDE GROOVE MOULD
FROM THE WAXED FORMICA FOR THE SHOWER PANS
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the concreta to the level of the +irst high tensile wire 1s
made, smoothed with a trowel and vibrated. The wire 18 placed
and the process repeated unti1l ti1nished. Vibration must be
thorough, there 1is no need to worry about overvibrating &as
nothing can be harmed since notning 1s going to move as ftar as
we have been able to determine. The exposed surtace 1s
finished with a steel trowel. I1f the exposed surface will be
an exterior surtace exposed to view as 1n the VIF house 1t 1s
rolled with a 15umm pipe to provide a dippled surface. This 1s
more pleasing to the eye than a steel troweled finisnh,
especially 1f not perfect. @Bt this point holes are put
througn the wet concrete with a pirece ot wire. These holes
will eventually be used for the stainless steel tie wire which
will bind the assembly together. The mold 1s then left to
cure until the next day.

The following day the lifting screws are used to breat tne
piece away trom the mold and the piece 1s lifted and stored on
a pallet with others ot the same si1ze. The curing time at
this point 18 usually about 16 to 18 hours.

The mold 1s then cleaned, waxed or olled and the process 1s
repeated.

STORINLG AND HANDLINL CASTINLS:

Lastings are transported to stacks utilizing a specially
constructed truck. This truck was made using two pneumatic
tire wheel barrow wneels. [ransport of these pieces can easily
be done by one man even over the rougn surtace ot our vyard.

Lastings are stacked on wooden pallets for handling by fork
litts. OUur cement comes stacked on pallets which are used for
this purpose.

MULDS:

The stressed skin type plywood molds currently being used are
the end result of many trials, 1mprovements, and
developments. The principle is directly copied from the
stressed skin plywood structural system developed 1n the
United States by the Flywood Research Institute. Before the
materials handling systems i1mprovements the molds were set up
€0 that three 1 1/2 inch galvanized pipes could be threaded
through the mold base and six strong Tongans could lift and
move the loaded mold. Some molds were tried with plywood only
on the top side but were floppy campared to the same molds

with plywood on both sides. The plywood on the 1lower side
does not 1ncrease the mold cost more than 10 to 25%. It does
give a solid surface to set the mold down on both for tne
vibrating table and to store, even as stacks of molas, for
curing.

All ot our new molds are being built the same way. A frame

litke studas and plates for house construction. It 15

L
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recommendad that all Jowints be glued before nailing. The
completed frame which 1is constructed to the sire ot the
tinismed mala, iE then checked for flatness by laying on  a
pertectly level {loor and using & straight edge to locate any

hiagh spots. These high spots are planed off., the frame turned
over and the process repeated. Unto this tlattened frame S/6
1inch  (lemm) plywood is glued and nailed to both si1des. 'he
pl ywood used 1s not craitical. We have used marine. eiiterior,
S5/3 1nch. 1/2 1nch, and /4 i1nch but find the 5/8 i1nch about
the best. Whether marine or exterior was used has been
determined by price at the time of construction and what 1s
available 1n the bovernment Stores at the time. We have
experienced rotting of the plvywood necessitating the

replacement ot the mold atter two years when using untreated
plywood. Because of this the use of plvwood treated to prevent
rot 1s recommended, untortunately 1t has not always been
avallable nor has the paint on types of treatments such as
pentachlorophenol.

The +1ller panels to produce the thinner sections are
caonstructed o+ plywood of the praoper thictness, The most
critical point i1n the assembly of these panels 1s the absolute
watertightness at the point where the panel Joins the base

plywood. 1+ any concrete can start to gain access to tne
opening the opening will "grow" larger and larger until the
mold must be repailred. Wnen the concrete can t+low 1nto a

crachk  the breakting out of the finished plece gets very
ditticult and the quality ot tnhne pirece sutfters.

ine edaes are usually constructed of a 1 « & (25mm 1o0mm)
screwed oF lagged to the 2 x 4 mold edge. These edge pleces
will aradually warp away from the mold at the J1o0i1ning point
allowing concrete to penetrate the crack making breakaway of
the pirece t+rom the mold very difficult. We find 1t necessary
to reverse these pieces every two or three weeks. This puts
the warped curve tight against the edge so that no mortar can
penetrate the crack. Flacing a small +1ller strip at the lower
edae of the 1 1 6 will force the top edge tightly to the mold.

ECGULIFMENT SHELIFICATIUNS:

Loncrete Mixer:

bowl capacity: Upright position 5.2375 cu. F£.(120 1), Mixing
position 2.0 cu. +t. (83 1), delivering .0 cu +t. m1:ed
concrete. lhis size miuer has proven satistactory tor all our
tormul as. We use & steel wheeled, electric motar driven
model .

The mixegr 1s a Model Number EIOLS-FW supplied by:

Fowler lndustries Ltd.
S50/ Rosebant Road

.. Box 19050

Auct land 7.New Zealand

-n
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Vibrating table:

A well engineered commercial standard vibrating table 1s an
absolute necessity. The table presently being used does a
good J1ob but the small size of the table (620 mm x 12500 mm),
when carelessly loaded, allows the pirece being cast to bescome
something less than perfectly level and thus tne concrete
flows to the low end giving & varing thickness. This
necessitates rotating the piece during the vibration process.
The plece must pe cast absolutely level to say within 10 mm
variation 1n 1200 mm. Were a new table to be purchased the
s12e of the table should be caretully studired with the larger
table being considered better. Thne actual strength ot
vibration 18 sufficient with the model currently being used.

The table being used 1s a Model I02, Seri1es Hu.

1t was manutactured by (direct purchase 1s recommended):
iriton Engineering Co.. Asntora. Hent, England.

It was supplied by:

trown Engineering Co., F.O.Box 18/294, Auckland &. New
lealand.,

Monorail., troitley and hoist:

The handling ot the heavy precast pieces 1n their molds was at
first done by hand but to be done praoperly required & strong
men and even then, as 1n any heavy lifting operation. was
hazardous. Further there were times that 3 men were all that
were effectively needed for the casting operation. This was
overcome with the monorail system but one wealness with our
present plant is that we do not have suft+icient length to the
rail to allow the handling and storing on sorting pallets of
the cast pileces as they are being removed from the molds.
Doubling the exi1sting length of the rail would be advantagous.
The monorail was constructed from angle i1ron to match witn the
troltlty which was aobtained +rom salvage locally. The beam
design ftor each installation will be an engineering problem as
to the space between the supports and the size of the beam.
1he hoist 1s a standard one ton chain hoist.

FRUBLEMS AND FheLAUT LUNSS

bi1mplicity:

Simplicity 13 the number one requirement. Complicated
procedures are guaranteed to fail, whether the resultant
tai1lure 1s serious or not is a matter ot luck. Habit and
repetition are the best allies. Lf there 1 no provable,
obVious reason +0Or a step eliminate it. ke harsn on tnis
point.

Molda maintenance:

There 18 a natural tendency to try and get another pour out ot
a deteri1ating mold. What results 1s an 1i1nferior product.
Llose watch must be Lept on the molds and when they need
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2

repair they must be pulled +rom the production line and fixed.

The most common mold problem is the creeping ot mortar 1into
cracts either between the fi1ller panels and the base sheet or
along the edge boards as they become warped. Also, 1f tne
tarmica 15 not properiy glued and beveled at the edges the
morcar will be vibrated into thne crach. make a bulge and make
pulling the precast ditticult. Fernaps 1n time a solution to
this proolem will be +i1gurea cout but for now prompt mold
repair 1s all that can be done.

Erection site storage ot precasts:

ihere seems to be a tendenancy, when unloading the precasts at
the erection site, to lay each piece by i1tself anda +or people
to want to walk on the newly unloaded pireces. This WwWill
usually crachk the tne thinner pieces. The uwunloading crews
must bDe nstructed to pile the pireces 1n no more than two or
three pilles. Also care must be taken 1n the i1nstruction ot
the unloaging crews to i1nstruct them not to stand the pieces
against posts or trees as children playlng can easily push the
pieces over with possible tragic results,

Water piping:

F.V.C., water pilping 15 used exclusively. It was noted in
tollowup inspections, which were made every year for three
and sometimes more years, that about one joint 1n three was
lealing to some degree. This varied from Just enough to grow
alge to drips. Investigations showed that the workman Joining
the pipes had never been instructed 1n the proper Joi1ning
techniques as recommended by the manufacturer. Typically the
wartmen were Just doing what they had seen someone else do.
No particular care was taken that the Joi1nt was clean and dry
and that the glarze had been removed or that at least several
hours passed betore turning on the water. Study ot tnis
matter showed that 1t was extremely difficult to get dry,
clean. properly giued J1o0i1nts 1n the +i1e.1d. Extremely
dift+icult means 1t simply won’t be done. ihis then 1ndicated
that the pretabricating ot the piumbing assemblies in workshop
conditions WwWas warrancted. Jigs were constructed, tragesmen
instructed and &1l piping was pretabricated. The pipes must
t1t the holes cast 1nto the panels where the pipes are to pass
througn the panels. The fieid made Joints are kept to the
apsolute minimum of 3. With properly trained erectors the
problems associated with the water piping system are now
expected to be over.

Shower and floor drain piping and trappilng:

standard sink or basin fittings are used 1n the precast +floor
pans. The hole to receive these fittings are cast 1nto the
pans, (see pirctures of the floor pan mold ready to pour).
lnitiaily halt ot a standarg "S8" trap was used as an air seal.
This seemed satisfactory but again on follow up 1nspections
trouble was found. The half trap had been broren off tne
drain fitting which allowing gasses to come up i1nto the room.
bmall rocks are invariably carried into the house on peoples
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teet and end up 1M the trap which atter a few months will
become restricted and a +tew more months become plugged. The
owner tnen, with any stich or rod 1n the attempt to clear the
trap, brears 1t ot+. The solution to this problem was to
elirinate the trap completely and replace 1t with a straight
pipe giued 1nto tne t+loor +1tting anmd extendaing to the hal+
depth point on the septlc tank. lhis 15 actually the clear
zone 1n the tank s0 no resistance to tlow from the contents
should occur and any rocks can +all directly to the bottom of
the tant. There will be a few weets until tne tant +1lis to
the haltway point pbefore a seal will be obtained but during
this period the drain 1s kept plugged. The outside ot the pipe
15 a little small for the i1nside of the hole but the pipe is
expanded slightly by heating anad a satistactory Joint can
easlly be abtained.

THE MYTHS ABOUT GASSES ANLD LEAKABLE:

he effect ar i1mportance of gasses and leakage 15 mostly a
tigment ot someones i1magination. There will be gasses and
there will be leaks but 1n the units described 1n this boochklet
1t is not i1mportant to release the gass nor prevent the leals.
Attempts to accomodate these points which are prablems only
because o0t someones over active i1magination simply serves to
create real problems.

Lonsider the gas problem. A septic tank does generate gasses
but 1n what quantity 7 1t 18 not a seathing caldron beliching
out gases that must be vented to prevent the whole thing +from
blowing up. Ihe small amount of gases produced, which has been
quantitied by work witn biogas plants, can easily escape
through the open pilpe to the so1l absorption system. i1here the
tiltration ot the gasses through the eartn fturnisnes an 1deal

disposal system. THe best way to put this problem 1n
perspective 1s to think ot trying to construct such a un:it
that 1s gas tight -ridiculous and 1mpossibile. 1he venting of

this uwnit would only convert 1t 1nto a perfect mosquito
breeding stati1an,

Lonsider the nesessity for a bottle tignt septic tank. The
construction of an absolutely water tight septic tank would
double the cost ot a simply assembled precast ferrocement
unit. How much difference 1n system perfaormance will result ?
bewage leaking through & corner or bottom crack would have
sScon gaone via the outlet pi1pe to the soi1l absorption system.
1+ this happens to be to a soakaway as deep as the septic tank
the difference will be nill. Tests have shown that 1t takes
up to two months to fi1ll a new septic tank of this type. This
1s because of leakage. Flugging occurs from the contents of
the tank trying to escape with the water. Again if the object
was to construct a tank that constantly exfiltrated through
the cracks 1t would be impossible to achieve wilthout
mechanical cle~ning.
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AUALLLLIARY MAITERLIALS:
DOURS AND HINLES:

Doors:

Several types and styles o+ doors were enperimented witn.
initi1ally precast caoncrete slabs 3/4 i1nch thick werg tried.
These proved much to heavy since 1n a wind storm 1+ the
concrete doar slammed shut 1t threatened the entire structure.
The +ew that were i1nstalled were replaced with wooden doors.
Next a masonite covered wooden frame was tried but proved weak
and easily damaged. This =ztyle also was abandoned. Next a
door constructed of New Zealand pine, or equivalent, /4 inch
(19mm) by & 1nch (150mm) pieces was tried. This proved very
satisfactory. The door 1s nailed together and given one coat
ot primer and one coat ot exterior paint. The cost of this
door 15 high but so is the qualitvy. The construction may be
seen from the pictures.

Hinges:
1t seems 1n Tonga that doors are never shut unless someone 1s
to be locked out. Doors on sanitary units are no exception.

In the VIt thne siightly darkened house 1nterior 1S an
impartant part of the fly control. Because of this the use of
sprring hinges or screen door hinges was started ano eventually
used +tor all doors. The spring hinges also make the doors a
bit more resistant to wind damage since they can seldom be
slammed nhard,

The hinges we are using are: Number 464, Finish zingc., a&nd are
manufactured by: Lane Amalgamated Hardware Caompany, Sydney,
Newcastle, Adelailde, Australia.

VENIFPIFES:

The wvent pipes for the VIF s must be large enough to do the
Job,. We use only plastic (pvc) drain pipes & 1nch (150mm)
di1ameter. These are cut to 8 foot (1438mm} lengths, the odd
pireces being Joined with the formed coupling that comes on
each piece ot pipe 1n order to use the entire length. At
first much thought was given to getting enough additional
screen area exposed to make up for the area occupied by the
wire, The taops of some pipes were serrated with v notches but
this made the screen more difficult to 1nstaill and hold. On
some the screen was Ypuffed up" a little. The best answer has
vyet to be arrived at but the natural looseness from installing
without stretching must help. The i1nefficiency of ventilation
caused by this tactor has yet to be evaluated. We now simply
cut a square end on the pipe and wire on aluminum fly screen
with galvanized sott wire.
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WATERFIFES AND DRAIN FIFEG:

All water and drain pipes are plastic (pvc) plpes. The most
1mportant thing about the pipes 1s the trouble we experienced
with breakage and leakage. Therefore see the previous section
1n this report entitled " Froblems and FPrecautions”.

TOILET SEAT ATTACHMENT ELOCKS:

Throughout this report reference is made to wooden blocks.
These were used with fair success until we were shown an
impravement. ( After this report had been prepared.)

Mr. T. Magno an engineer working as a UNV 1n Lautoka, Fii:
made a very clever and worthwhile improvement by casting the
attachment block in mortar while plastering the riser pipe.
The block 1s formed on the plywood being used as the base for
the plastering. The si1ze 1s the same exactly as the wood
block. The block is held on by setting i1n several wires which
run along the chicken wire for about 100mm. The holes for the
seat attachment bolts are cast 1n using small pieces of
plastic or rubber so they can be removed after the riser has
cured,

The use ot this mortar seat attachment block 1s r+recommended.

A wooden block would not be nearly as satisfactory for many
reasons.
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MATERIAL SFECIFICATIONS:
CEMENT ¢

Kapid hardening portland cement 1s used enclusively, (tne
delivered cost being about the same as regular cement). The
use ot rapid hardening cement is advantagous 1n the prevention
of Dreakage at the two critical maximum stress times, Ffirst
when the cast piece is removed trom the mold and second when
the plece 1s transported to the erection site. "Wilsonite"
rapid hardening portiand cement develops the 2 day concrete
strength of naormal cement 1n 1 day and a <gd day strength 1n
the concrete 1n 7 days. This high early strength prevents
untold breakaqge. There 15 still ample time to mald the +resh
cement., as the 1nitial set time +or rapird hardening cement 1s
2 hnours and S0 minutes while faor vegular cement (s a
comparanle 3 hours and 30 minutes. hapid hardening cement 19
a true portland cement, is as long lasting, durable, and as
water tignt.

The cement 1s ordered simply as rapid hardening portland
cement. We are currently using "Wilsonite Rapid Hardening
Fortland Cement" manutactured by: Wilson's (N.Z.) Fortland
Cement Company, C.F.U. Box 135%., Auckland,!.New Zzaland.

1t 1s interesting to note that by volume this +iner ground
rapid hardening cement bulks 1174 greater than regular cement.
1his means that +or the same weight ot cement 1n a min 1+ a
volume measure 15 used 1t must be 11%4 greater than for regular
cement. More i1nteresting yet 1s the fact that we did not hnow
this wunti1l researching for this paper. 1hi1s means that we
actuaily have been using 114 less cement than we thought, and
still with very good results. Normal partland cement weighs
94 pounds per cubic +foot or 13508 kg per cubic meter while this
rapid hardening cement weighs H4.7 pounds per cubic foot or
1359 kg per cubic meter.

FlBrE:

Notes:

The steel tibre 1s weigheo out per computation o+ gquantities
SNown under oection & and sprinkled 1nto the mixer by hand,
atter the aggregate anag cement. Lreat care must be used 1n
SPrinkliing the material i1nto the mixer by hand to prevent any
clumping ot tne material.

opecitications:
1g.umm % O.4mm E& Fibresteel 1n 20 hg cartons.

supplier:

Australian Wire and Iron

F.u. Baox 53

Five Dock, New South Wales.l04&, Australia
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LUNCHEIE RDDITLIVES:

Initially two concrete additrves were used, superplasticiser
and air entraining agent. nNerther of these agents seemed to
have any noticable ettect. Yet there can be li1ttle doubt that
they do have an eft+ect an the ultimate strength and worbkabiity
ot the concrete. AlsD there 1s little doubt that their use
presents several more problems. The material must be ordered
and hept on hand. 1t must be measured out 1n varing doses for
gacn mli Dy Ssomeone who 13 wllllng to accurately measure and
dilute the product. Further 1t costs money. As pointed out
eariier the variable nature of the crushed coral aggregrate,
we are torcead to use, makes precision 1N MixXing 1mpossible
thus marl1ng casting experience and observation of the mixing
the primary control. Theretore atter comparisons ot product
with and without additives with no visible difterence the use
of the additives was discontinued. In some other location
where ditferent aggregrates will be used the use of these
additives may be beneticial. Theretore the specitication and
supplier 1s shown:

buperplasticiser:Daracem—FL

Alr entrainer:Daracel

Supplied by:

brace. Industrial Chemicals Division
F.O. Box 17-177, ureenlane

Auctland, New Zealand

FURM RELEASE AGENTS:

Fform release agents, parting compounds, &nd form o1l are all
dit+terent names for & material to provide the same function.
in thne 1nitial phases ot the deveiopment ot the procedures we
started using, as most every one else i1n the Soutnh Facific,
usea motor oil. This was not a satistactory operation. The
011l was applied with a paint brush and most often unevenly.
the resulting surtace was ot low quality with numerous aar
pubblies that were very difficult to reduce by vibration.
Later 1t was discovered that new opi1l did & much better 10D,
brear out was easier and the surtace was a better quality. No
commercial compounds were tried but the low quality ot the
surtace produced led to the use of tarmica as a torm liner,

Formica mold surtaces produced a much higher qguality cast
surtace but the new engine o1l used was sti1l1l not
satistactory. Eventuaily waxes were tried, leading to the
polished wai procedure which produces the ultimate 1n surface
quality.

Lurrently & si1licone <floor wax on the formica surfaces 1s
peing used. First the formica 1s scraped using the tlat end
ot a trowel. then the paste wax 15 applied, allowed to dry,
and tnen polished as 1f 1t were being used on a floor. This
procedure 1s necessary each time the mold is uwused as some
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material seems to adhere or combine wlth the wal which ruins
the quatity oOf the next pirece 1+ the surtace 1s not cleaned
and repolisned.

New engine o011 18 sti1iil being used on the wood surtaces with
not campletely satistactary results. Ferhaps 1f the wood
surtace 1s coated ft1rst with an epoxy resin or epoxly paint 1t
too can be waxed and the resulting guality of the casting
1mproved.

HIGH TENSILE STEEL WIRE:

Notes:

the hignh tensile steel wire 1s ordered in lengths as long as
can be easily shipped, about & meters, and cut at the
precasting yard. It may be ordered cut to length but teeping
the lengths separate and arvranged is more trouble than on site
cutting unless a large quantity of one sice 15 to be used.

opecificat:ions:
2.0 mm bright, hard drawn, range Z, spring wire, phosphate
coated.

oupplier:

Austratian Wire and Iron

F.U. Hox 33

tive Dock, New South Wales U446, Australia

SIAINLEDS STikL SCREEN AND WIkks

Stainless steel screen 1s used for the rainwater stralners.
lhe caost 1s about 7 times as much as aluminum wilire but 1t 1s
much heavier and snould last aindetinitly, even under thne
corrosive 1sland atmosphere. It 18 ordered 1n a 48" width sO
1t can be cut to the 8" (Zoumm) width a&s requirea for the
individual screens wlthout waste. {h1s wire can be ordered
cut to size.

btainless steel wire 1s used tor the assembly of the precast
units. valvanized wire could be used but the slightly added
expense 1s considered wortn the price. As an example 1n the
assembly of the VIF unmit 10 meters are required, the current
price tfor stainless steel wire is approximately £1.35 US which

1s approximately 2 1/2 times the galvanized wire cost. Agaln
considering the pacitic i1slands corrosive atmosphere the cost
1s considered worth 1t even though we have no data on the

actual life of galvanized wire under these conditions.
bpecifications:

btainiess steel standard grade wire cloth—-type 704,16x16 mesh
per 1lin 1nch,.01ld 1nch wire diameter.

btainless steel wire,type J0Z,.047 inch diameter,soft temper.

42



-

L. W. BELI, F.E., FRECASTING FEBRUUS FERROCEMENT SANITARY UNITS, NUKU'ALOFA, TONGA. AUGUST 1986,

supplier:

MCMaster—Larr

Fod.Boi 04960

Los Angeles, La. Y0034 UbA

RNLOLbRELAIES:

longatapu 1s a coral isiand. The only aggregates avallable
are beach sand and crushed coral. In the beginning beach sand
was used but the strength ot the panels produced was only
slightly better than sugar cookles. Un analysis 1t 1s aobvious
that a1l ot the particles are the same si1te a&after being
classified by wave action on the beach. The neixt step was the
mixing ot beach sand with the material passing the last screen
on the coral crusher. This helped but was an additional
operation that required attention and control. This made the
eliminatiaon of the step highly desireable. Therefore the
obvious thing to do was to use the material passing the 1ast
screen on the crusher as delivered, a practice which 1s guite
satistactory andg continues today. The material 1s as variliable
as the pi1t being excavated or the difference 1n the pits being
excavated. No control 1s attempted over the amount ot +fines
or particie si1ze. Every delivery 15 different. The
aggregate pi1le 1s exposed to the weather. Each new rain brings
dift+erences i1n water required during m1xi1ng. The water added
to the mix 15 controlled by erperience any diftferences 1n
water content of the aggregate 1s compensated for by the men

when mi:ing the concrete. There seem to be no adverse attects
tram lack of control of the variables mentioned and the
process 1s greatly simplitied. When precasts are being made

that regquire extremely high quality. as 1n rain water storage
tanks, the crushed aggregate as received is put through a 1/4
inch (omm) screen to remove any large pieces that sometimes
can i1ntertere with the troweling process.

MARITERIALS CUSTS:

ln December 198% the following are the costs ot materials
used, eirther delivered to Tonga or at the plant 1n Nuku’alofa.
Lement., rapid hardening: %7 144.50 (100,34 US)

Fibre steel: $970.00 Aus. per metric tonne.

High tensile steel: % 1060.00 Aus. per metric tonne.
Aggregate: & 7,00 per cubic meter.

MIX FURMULAS:

The basic formula used for all panel precasting has been
adapted +ram the previous fibrous ferrocement work on ramn
water tanks. It may be slignhtly changed to make the process
easier, tor example, we use all volume measurements except
tor tne steel +i1bre which 1s by weight. Volume measurements
do not necessitate adiustments far varying moilsture content 1n
the aggregrate. Furtnher volume measurements may be simply
mart ed 1n plastic or any cheap buckets to achieve accurate
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tormula mixes

The author +feels that worl needs to be done to optimize the
MmLxes on an economlic basis and that most probaby a less costly
equivalent product could be made. This effort however 135 not
within our field capabilities and enpertise and w2 who
manutacture can do no better than we do.

Each pour has specially measured guantities. A Ffarmula 1s
calculated for each piece generally egual to halt the total
requirement of the piece 1n order that the high tensile wires
can be placed eiactly i1n the center ot the slab.

Ihe procedure 1s:

1. Calculate the total volume ot the piece.

L. oet the sand volume egual to the total voalume.

J. SHet the cement volume equal to hal+ the sand volume.

4. CLCalculate the weiaht of the cement. (1l cubic neter
equals 1oub Lg).

9. Calculate tne weight ot the fibres 1n Lillograms by
multiplyving the weight of the cement by ©,17.

6. FAdd water by eixperience sO that that the dryest mix
that can be easiiy warked 18 obtained.

AS previously stated the mix 1s usually cut 1n halt so tnat

the wires can be placed 1n the center of the panel. Actually
the wires are slightly tamped witnh the flat ot the trowel so
that the bottom wire 15 Dburied, this places the wire

pert+ectly. From our e:perience no amount ot vibration will
move the fibre or the wire.

The oniy time we cnange this tormula is when precasting fence
posts when we eliminate the t+i1bre and use only aone cement to
tour aggregrate. Fosts can be made more cheaply by i1ncreasing
the diameter and cutting out the fibre.
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EFLLUGUE:

Education, maintenance. opetration, houseleeping., use and
oblectives:

Nothing will function 1ndetinitely without Malntenance.
stationary parts cast from fibrous terrocement reguire little
or no maintenance over their expected lite. Moving parts and
parts subgect to corrosian, such as doors., valves, tlyscreens
require constant care. The wvery people tnese upits are
desi1gned to help are the least apprecirative of the need f o
maintenance. The uwunits will tai1l to pertorm their +unction
properiy 1f dicipline 15 not furnished 1n this area by
periodic 1i1nspections by public health 1nspectors,. I+ the
health 1nspectors do not understand the function of the
components of the unit or tne opjiectives ot the et+tort or the
need {for maintenance then building the units 15 the wrong
place to expend resources.

Housekreeping. l.eeping an encreta disposal facility clean
requlires daily care ana sweeplng or mopplng. Mud and dart
are constantly being tracted inside. Misuse ot the +acility

will be common. It 15 up to the head of the household or the
keeper ot the household to see that this care 1s given. It 1s
up to the educatars probably through womens groups to make the
tacts known. I+ the taci1li1ty 1s not kept clean and in the new
concept acceptable 1t will not be used. The finest facility
1in the world 15 a waste if it 18 not used. The methods ana
adequacy of handling of humam bodily wastes 1n  any given
location 15 an eicellent 1i1ndicator ot the state ot
Civilization 1n that location.
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PLAIN T0P OR BOTTON SLAB: VOLUKE=

L0784

WiDTH= 1220 LENBTH= 2438

1TEM UNIT COST AMDUNT  COST
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CEMENT JAM3 5L 7.70
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