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Aquaculture in Atlantic Canada has bec~me an important industry in the last 

two decades. The marine setting where aquaculture activities are carried out dernûnds 

durable construction products that c m  withstand a harsh environment. Reinforced 

concrete and ferrocement have been used for marine structures in the past and have 

performed well which argues favourably for their use in Our local aquaculture industry. 

Floating facilities made from thin section concrete and ferrocement should meet 

the requirements of this rapidly growing sector of the economy. Unfortunately the 

aquaculture industry has had minimal expenence with ferrocement. There is a need 

for a pilot project to manufacture a floating structure so rhat the industry can be 

exposed to ferrocernent and they cm judge its effectiveness. ln this way suffkient 

confidence cm be acquired so that its full potential can be realized in srructures such 

as cages, docks, boats and barges. Experience in the last one hundred years with 

construction of ferrocement boats has been positive and has demonstrated that they are 

competitive in terms of construction costs and dunbility when compared with other 

construction materiais. 

Ferrocement is now produced using a variety of new construction techniques 

that have been developed on the West coast of North America. These techniques result 

in signifîcant reduction in cost and improved performance. 

A service vesse1 (barge) was designed in this report to investigate, from a cost 

and serviceability point of view, whether a structure made of ferrocement could meet 

locai needs, and at the same tirne demonstrate the uses of a ferrocement barge to the 



local aquaculture industry. 

Based on the cost estimate and the apparent serviceability of the barge design, 

thin section concrete for marine and aquaculture applications appears to be worthy of 

further investigation. The production of a prototype unit should demonstrate the value 

of this type of construction to the Atlantic Canada aquaculture industry. 
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1.0 INTRODUCTION AND BACKGROUND 

1.1 Processes and Applications of Thin Section Concrete - 

Thin section concrete products are a variation of reinforced concrete. The 

materials used are very sirnilar to those used for other concrete structures. The main 

difference is that the thin section requires a much closer spacing of smaller size 

reinforcement than does normal reinforced concrete. The close spacing of the 

reinforcement produces a product that is significanrly different from the material 

known as reinforced concrete. 

The processes used to produce thin section concrete are as varied as the types 

of thin section concrete themselves. Reinforcements include continuous metal rnesh, 

randornly dispersed individual fibers, srnail diameter reinforcing rods. and numerous 

other materials including plastics. Many methods c m  be used to produce an 

acceptable product with the process selected depending on the properties of the 

concrete required. 

Ferrocemerit is the most cornmon thin section concrete composite that is used 

for marine applicatîons. Boats and floating wharves have been constructed of 

ferrocernent and have given a long service life with very littie maintenance cost. 

Ferrocement has also been used to build low cost land structures including houses. 

water tanks, and bridges. Concrete has proven itself successfully in the marine 

environment and ferrocement is no exception. To date. very few other f o m  of thin 

section concrete have been used in the marine environment as extensively as 



ferrocement ( 1 ). 

1.2 A~plications and Uses of Thin Section Concrete for Marine and - 

Aquacuiture Related Uses in Atlantic Canada 

The aquaculture industry requires many new and innovative products that are 

specificdly suited to its needs. The marine environment in Atlantic Canada is a very 

harsh and agressive one both in ternis of loads applied to the structure and severity of 

exposure of the concrete product. It is important that units have a long service life of 

at l e s t  several decades. 

Floating wharves, service vessels and boats. storag barges. and cages are al1 

possible irnmediate uses for thin section concrete. As the aquacultiire industry 

advances there is the possibility of building integrated structures to contain ail 

aspects of a modem fish farm. This wouid include cages. feed stores. living quarters, 

service equipment, and mooring and docking areas. As the industry becomes more 

accustomed to the use of this materiai, it will be able to identi- other rueas where the 

material can be used effectively. 

The construction of a prototype that could demonstrate the properties of thin 

section concrete to the industry would be desirable. It would aliow governrnent and 

industry p e r s o ~ e l  to see first hand how the product performs when subjected to Bay 

of Fundy conditions. The product should be highly visible and diow various sections 

o f  the aquaculture industry access to it at the early stage of product development. 



1.3 Siipforming Thin Section Concrete to Reduce Cost of Production - 
The major drawback to the use of ferrocernent is the high labour cost required 

to produce it. Materials for construction are relatively inexpensive as they consist 

mainly of basic materials farniiiar to the local work force. The large amount of labour 

required to produce ferrocement products is the reason it is used extensively in 

countries where labour costs are low. But by using modem techniques in constmcting 

thin section concrete, labour cos& can be reduced substantially. 

Ioms (2.3) has proposed several methods of slipfonning concrete sections. 

These include methods for making ferrocernent pipes and long continuous wharf 

sections. These methods reduce the arnount of forrnwork that needs to be constructed 

and aiiow structures to be cast into the water thus eliminating the need to use heavy 

Ming equipment to place it. 

1.4 Life Cycle Cost of Thin Section Concrete. - 
It is important to determine the life cycle cost of any product consuucted for 

the aquaculture industry and the f i t  step is to determine the expected service Life of 

the product. The service life can corne to an end for several reasons. If the purpose 

for which the product was built has disappeared the service Me of the product has 

ended even if the product is in excellent condition. The other extreme would be a 

product that has detenorated so badly it no longer performs to suit its purpose. 

although it is s a  required. Set up and removal costs must also be taken into account. 

Therefore it is essentiai that the length of time products are being compared reflect as 

near as possible the expected conditions of use. An accurate economic andysis must 



be performed using actual financial data. inflation, interest rates and time frame must 

al1 be taken into account. 

Ferrocement has been shown to have a long service life and maintenance and 

repair costs are relatively Low (1). 



2.0 ATLANTIC FINFISH AQUACULTURE INDUSTRY 

2.1 Aquaculture Past and Present - 
Aquaculture is not a new concept. It began in China approximately 2000 years 

ago. Aquaculture began in Canada 100 years ago for enhancement purposes and 

began commercidiy in the 1950s. However it was not until 1979 that the first farmed 

salmon were hmested in New Brunswick. 

Aquaculture in Atlantic Canada is a rapidly expanding industry. It is gainine 

importance with the decrease of fish stocks and the decline in the eastem fisheries. In 

1992 almost 92% of the 11,224 tonnes of aquaculture production was frorn Atlantic 

Salmon (4). 

3.2 Aquaculture in Atlantic Canada - 
Aquaculture in Atlantic Canada is very cornpetitive wirh low profit margins. 

This is causing a need for more economical methods of raising fish including 

improving genetics, feeding rnethods and infrastructure. The industry is npidly 

expanding and there are moves to produce various new marketable species. 

The industry has experimented with various types of construction materials 

and there are possibilities to use other new matenal including thin section reinforced 

concrete. 

2.3 Future Developments in Aquaculture - 
Over the last several years the Atlantic f i s h  industry has experienced 

problems such as disease and pests. The large number of fish that are kept in the few 

well sheltered bays plays a roie in these problems. The need for the industry to move 



to more open water sites is becoming apparent. 

The materials that are used at the present time to produce cages such as high 

density plastics have not been applied to the items that are required at open water 

sites. Ferrocement and thin section reinforced concrete c m  be developed for various 

structures that would ailow the industry to rnove to more exposed offshore sites. This 

would eliminate the problerns associated with fouling of the bottom and decline in 

water quality. 



3.0 R/IARINE ENVIRONMENT AND INFRASTRUCTURE 

3.1 Conditions in Marine Environments - 

The marine environment experiences some of the worst clirnatic conditions in 

the world. These conditions are not always well understood and it is dificuit CO 

collect accurate data on a location that is distant and hacf to monitor. Therefore 

facilities are frequentfy over-designed. Cyclic loadings caused by wind and waves 

create serious loads on structures. Strong winds produce Large forces on exposed 

surfaces of floating structures. Floating debris and ice can do tremendous damage to 

structures in the water. Ice build up and biologicai fouling can lead to increased 

weight and deterioration. Waves of various sizes and frequencies produce cyclic 

loadings that result in both horizontal and vertical Ioads. This produces high impact 

loads on the structure and on mooring lines. 

The direction of the wind, flow of the current and other climate conditions Lire 

always changuig. Tidal currents. especially in the Bay of Fundy. contribute to even 

higher forces. Mooring forces change direction regularly and the angle of the lines 

change with the tide as well. The tide in the Bay of Fundy causes problems for 

finfish aquaculture. The mooring and positioning of the cages is made dificult by the 

constantly changing water depth. In order for a cage to be held in an exact position. 

several mooring h e s  rnust be used. Lf the depth of water where the cage is located 

becomes too shaliow, problems with the fish c m  occur. During the changing of tides 

the currents Üi some of the channels c m  increase which causes the net to move. 

lnstead of the net hanging verticaily it will tend to be pulled honzontdiy causing a 



reduction in enclosed area and increasing the stress on the fish. 

The marine environment has many effects on aquaculture sites. Many of the 

sites are located where conditions are favourable for growing aquatic oqanisms. 

Under certain conditions the nets used to contain the fish become Fouled by growth of 

marine oqanisrns including seaweed and other marine veptation. ï h i s  requires 

cleaning at regular intervals to ensure adequate conditions are maintained. This is a 

difficult task to carry out and often requires removing the net From the cage and 

replacing it with another so the fouled nets can be taken to land to be dried and 

cleaned. 

A major threat to farmed species is the loss of fish to natural predators. Seals 

are the most comrnon attackers that lead to fish loss. They will attempt to catch fish 

that swim too close to the net, which results in damaging fish which are unmarketable. 

Many fish also escape through holes tom in the net by seals. Extenor predator nets 

are used to prevent seds from getting too near the net containine the fish but 

maintaining a proper separation between the fish net and the predator net is difficult. 

Despite aIi these negative environmentai factors. the mixing caused by the tidal 

action in the Bay of Fundy has positive effects. The high flow helps to flush the area 

below the cage of fecal matter and leftover food. This helps to improve water quality 

for the fish and provide oxygen-rich water for them. The tidal mixin,o dso helps to 

maintain a uniform temperature throughout the Udal basin. If the warer temperature 

drops below the freezing point ice can form in the giils of the fish resulting in their 

death. 



Ferrocement's flexibility of design will allow the incorporation of features that 

will combat these negative environmental aspects. Design shapes are not restricted by 

available section sizes as in the case of products buiit out of plastic pipe. Ferrocement 

can be constructed to any section shape and strength to meet the product requirements. 

Features c m  be incorporated in the design which will increase the survival rate of fish 

contained within the caps .  Ballast tanks c m  easily be added to allow the opentor to 

lower the cage below the surface durin; storrns and cold periods to avoid the adverse 

surface conditions that can kill the fish. Ferrocement cages can be construcred as a 

rigid structure thar would maintain a consistent volume unlike the hanging net concept 

that is used in the floatation type coiian. This would reduce the stress on the fish that 

would occur during tide changes due to the reduction in net volume caused by the 

currents. The rigid shape would also allow for the incorporation of effective predator 

protection for the fish. This would reduce both the stress on the tïsh and damage and 

loss caused by predators. 

3.2 Infrastructure 

The aquaculture industry requires a great deal of equipment for the production 

of marketable fish. Much of the equipment that is required for sdtwüter rearing must 

be used on a regular ba i s  in a very harsh environment. The nature of most of the 

infrastructure used in aquaculture is floating structures that can support the nets and 

the associated equipment placed upon them. 



3 -2.1 Cages 

Perhaps the most cntical part of the infnstructure is the cage or net pen in 

which the fish are contained. The cage is continually exposed to wind, waves. tidal 

currents, ice, biological build ups and other adverse factors. These cages contain fish 

that are al1 of the sarne age and that will be ready for market at the same time. 

Darnage to the cage can allow the fish to escape and lead to financial diK~culties. 

This emphasizes the need for reliable and durabie cages to resist the environment. 

Cages have evolved considerably for protected since the birth of aquaculture. 

Materials. designs and mooring arrangements now in use have al1 been tried and tested 

by the industry and are continuing to change and improve. Plastic circulrir cages 

appear to have performed well and are gaining popularity in Atlantic Canada. but 

ferrocement could be easily adapted for more exposed locations to produce a durable 

cage complete with a safe working platfom for storing and distnbuting the daily feed 

ration and tending the fish. 

A variety of cages are currently in use for finfish aquaculture. with the main 

requirement being that the needs of the fish be met in a manner not likely to expose 

them to excessive stress. There are several classification schemes for describing 

cages. 

Sedgwick (5) places cages into three main groups which include inflexible 

cages, large flotation collars, and flexible rnulti-sided cages. New cage types and 

concepts are continuaiiy being developed as can be seen with the development of the 



Ocean Spar net pen system shown in figure 1. There are dso a variety of concepts 

that have been proposed, including modified oïl tankers and integnted offshore vesseis 

that include cages, feed stores and living quarters as shown in figure 2. 

Cages of circular or multi-sided shapes dlow the tïsh to use the entire 

contained volume. Salmon tend to swim in circular patterns and the corners of a 

square cage are utilized ineffectively. However it appears to be cheaper to consû-uct 

and opente a square cage. 

Onginally cages were constructed of timber to produce a tloating collar to 

which nets were attached. These cages performed reasonably well for the investment 

required but tended to fad in storm conditions. Metal cages are dso being used both 

on the e s t  and West coast of North America. They consist of rnetai walkways and 

have plastic floats supporting them. They are usually square in construction and range 

in size from 10 to 30 meters per side. However past rxpenence with steel cages has 

lead to the industry moving away from them because of high costs. 

The circular plastic cages shown in figure 3 are cumntly the most popular in 

the Atiantic region. They are large in size ruid are much less expensive than a system 

of net pens. 

The performance of cages now in use is varied and largely undocumented. The 

performance is largely dependent on location, service and upkeep. and on stoms 

and other c h a t i c  conditions. The circula plastic cages tend to perform well and are 

corrosion resistant. flexible and can be constnicted Iocally to keep production costs to 

a minimum. This could aiso be done with ferrocement stmctures. 







3.2.2 Support Vessels 

Access to the cages is required on a daily basis for feeding and general care 

which requires a vessel that is durable and stable in dl sea conditions with a good 

working area. Many of the suitable sites for net pens are a distance from land points 

of service and the necessity of transporting efficiently both feed and product is 

essential. Many of the vessels currently used are existing tishing boats which are 

nearing the end of their service life. Construction of new service vessels will require 

more purpose-built boats designed to serve the users more effectively. This is where a 

ferrocement vessel could prove beneficial, 

More remote sites increases the need to leave workers out on barges in living quarters. 

This requires durable structures that could house a service crew includinp divers and 

biologists especiaiiy dunng stocking and harvesting The possibility of moving to 

locations that are more offshore and exposed may require çrews to stay with the cages 

to decrease the chances of  loss due to vandalism and predator attack. Safe and 

functional ferrocement barges that could be moored at the net pen site without fear of 

damage would increase the productivity of the industry. 

As the size of aquaculture enterpnses expands it will become necessary to store feed 

close to the site of the sea cages. This will require floating warehouses chat are either 

part of the cage or individual units moored nearby with the ability to withstand the 

same exposure conditions as the cage. A typical warehouse design is shown in t'igure 

4. 



Figure 4 Floating Wrirehouse 



4.0 CONCRETE IN A MARINI3 ENVIRONMENT 

A great ded of research has been carried out on concrete in n marine 

environment ( 6 )  where it has been used extensively in marine structures like bridges 

pies, dams and sea ports. It is a relatively inexpensive and durable material that 

withstands extremely hush conditions. Salt water. and freezing and thawing produce 

the greeatest deteriontion in the tidal zone. 

4.1 Thin Section Concrete - 
Thin section concrete includes a wide variety of Portland cernent concretes and 

rnortars reinforced with a variety of materials. 

The use of thin section fibrous cement products is in the range of 3.5 million 

tons/year around the world (7). The thickness can be as little as severd millimeters. 

~Meshes and continuous networks as well as tibers c m  be used el'fectively to improve 

the tende strength of the concrete rnonar. Fabric and mesh in various forms as well 

as fiber made of metds, polyrnen and natural materials have heen used. 

Two important factors in the properties of thin section reinforced concrete are 

the volume fraction of reinforcement 'and the specific surface of reinforcement. The 

volume fraction is the volume of reinforcement per unit volume of product. The 

specific surface is the bond area per unit volume of composite and is directly related 

to surface area. 

Thin Section Concrete c m  be categorized into rhree main types; ferrocement, 

fibre reinforced concrete, and reinforced concrete. 



Ferrocement is a speciaiized form of reinforced concrete. The American 

Concrete Institute defines it as " a form of reinforced concrete using closely spaced 

multiple layers of mesh and I or small diameter rods cornpletely infiltrated with. or 

encapsulated in monar" (8). Fenocement reinforcement c m  vary considerably. 

Expanded metal , woven wire rnesh. welded wire mesh, and chicken wire have al1 

been used effectively. The spacing of mesh in the matrix is a criticai factor in the 

strength of the material. The number of layes required varies dependins on the 

required strength and impact resistance. The thickness of the cross section also varies 

from 10 mm to 40 mm. The materiai has small closely spaced cracks that provide a 

durable surface. Waterproofing finishes c m  also be placed on the surface to decrease 

permeability. Ferrocement has perfomed well in marine applications and boats are 

routinely built of ferrocement. 

According to the American Concrete Institute (7) thin section fiber reinforced 

concretes c m  be broken down into three main groups. The classification is based on 

the type of fibers used for reinforcing The fint type employs synthetic fibers made 

of polyethylene, carbon. aramid and polypropylene. GIass tïbers make up another 

group of materials used to reinforce thin section concrete. and this class includes new 

allcdi resistant g lus  fibers. The third type employs steel tibers to reinforce the 

concrete. Research done with steel fibers in a marine environment shows that they 

perform well. The fibres are relatively shoa in length and are usudly quite flexible. 

Therefore they do not change the properties of nuid concrete signiticantly. Most of 

these fibers are used to reinforce sheet products and because they are randomly 



distributed in a three-dimensional space they are not as effective in reinforcing thin 

sheet products as the two-dimensional mesh used in ferrocement. 

Traditionai reinforced concrete can be made in thin sections constructed using 

normal reinforcing bars. However. because of the cover requirement for the 

reinforcing, it is not possible to cast sections that are as thin as ferrocement and fiber 

reinforced concretes. The use of thin reinforced concrete is possible when the sections 

are in the range of 100 mm to 200mm thick. 

The strength of thin section concrete varies considerabiy depending on the type 

of reinforcing that is used. Fiber reinforced products differ greatly frorn ferrocement 

and other thin section concretes produced using continuous mesh. Ferrocement c m  

differ considerable depending on the type o f  reinforcing mesh and also the orientation 

of the mesh. Some mesh including expanded metal lath are very strong in the direction 

of the original sheet but very weak in the opposite direction. 

4.2 Roat in  Concrete Products - 
Perhaps the first floating concrete product was a boat built by Louis Lambot in 

1849 and described in the book "Concrete Afioat" (9) (Figure 5). Since then concrete 

has been used for a varÏety of floating products including ships. boüts. wharves. and 

navigation buoys, and during World Wars I and CI reinforced concrete was used as a 

emergency material for building ship hulls. The performance of these structures is 

varied but they proved conclusively that concrete could be used to construct floating 

marine products. 





According to Paul and Palma 

constnicting boats in the range of 12 

countries where labour costs are low 

(10) ferrocement has been used extensively for 

to 15 meters in length. It is used mainiy in 

as is the case in China where thousands have 

been built. Fishing and smaii pleasure boats are the rnost common use of ferrocernent 

but it has also been used for barges and fuel storage. 

Most work with floating reinforced concrete was done during Worid War I and 

Wodd War II during emergency boat building programs ( 1 L ) .  The largest concrete 

ship ever built was the one hundred and thiw meter long Selma which was 

constnicted of reinforced lightweight concrete. Floating docks. barges and pontoons 

were also built of reinforced concrete. Foundations for floating houses and floating 

barges continue to be built today, but prestressed concrete has become a more 

economical materiai for large vessels. 

4.3 Ferrocement - 
Paul and Palma state "In general, ferrocement is considered as a highly 

versatile fonn of composite matenal made of cernent mortar and layers of wire mesh 

or similar smdl diameter steel mesh closely bound together to create a stiff structural 

form. This material which is a special form of reinforced concrete. cxhibics a 

behaviour so different fron conventional reinforced concrete in performance, strenb& 

and potential application that it must be classed as a separate material" (10). 

For our purposes it is important ttiat we do not think of ferrocement as normal 

reinforced concrete as it has many advantaps that make it more appealing for marine 

applications. Ferrocement is a composite material and therefore its behaviour is 



typical of a composite. It has a high tensile strength to weight ratio. and c m  be made 

relatively watertight. 

The most common types of reinforcernent used for ferrocernent are welded and 

woven wire meshes and expanded metal as shown in figure 6. Several layers of this 

mesh are usually impregnated with a cernent-based matrix to produce a materid with 

high strength. 

The matrix arnounts to around 95% of the section volume and therefore its 

properties are important. It is comprised of hydrated cement and an inert Rller which 

is usuaily sand. The rnatrix can dso inciude fibers. but the size of the mesh opening 

must aiiow penetration of the fibre into the reinforcement. 

4.4 Applications of Ferrocement 

The uses of ferrocement has developed over many years. The main areas of 

use of this composite materid are for boats. silos. tanks. and pipes. Ferrocement is 

very labour intensive and therefore tends to be used only for thin specidized 

applications ( 1 2). 

Ferrocement boats are used extensively in Asia. They are cheaper then steel, 

are more durable than wood, and cm be formed in vinualiy any shape. Ferrocernent 

boats are heavier than wooden boats but at low speeds this does not affect operating 

costs to a great extent. 

In developing countries tanks for storing grain and water have been built using 

ferrocement. It has a ductiie fadure mode which is beneficial. Corrugated ferrocement 

sheets have been used for roofing materials where they c m  be cons~ucted on site. 



3.4X EXPANDE0 METAL LATH (mt galvanized) 
Made from 9 in. (229 mm) wide strip of 24 GA- (-0329 ln.ni.8 mb) 
If iick slicct steel expancled lo 27 in. (GOG mm) wldth and &ut inio 
96 in. (2.4 r r i )  Icngllis. 

l'xi' 14 GAUGE WELDED WlRE MESH 
Used in various gauges and openings for interior reinfarc- 
ing under at leas& one layer of expanded metal lath near 
LI le surface for crack cor itrol. 



which makes them economical as transportation costs for raw materials are relatively 

low . 

Some problems have been noted with ferrocement boats after several decades 

of service. In particular poor application of rnortar has led to voids and irnproper 

penetration of the matrix into the steel mesh. The steel in the area of these voids often 

corrodes and leads to failure whiie the steel in dense monar adjacent to these 

improperly compacted regions is still in its original state. Corrosion is due to the 

creation of a galvanic cell with the improperly compacted concrete acting ris the 

anode. 

The fact that the reinforcement corrodes in tbese circumstances stems from the 

use of too thin a section leaving very little room for cover over the reinforcement. 

Many layers of reinforcement are aiso used which can make it difficult to force the 

stiff mortar through and around the reinforcing mesh. With hand placement a great 

deal of care is required during the construction phase. 

The mortar used in marine applications must d s o  be capable of withstanding 

the actions of the seawater. The matrix used in ferrocement has a sand to cernent 

ratio of 1.5 to 2.5 by weight and a water to cernent ratio of 0.35 to 0.5. A fine well 

graded sand is required with 100 % passing a # 16 sieve (7). A very dense 

impermeable mortar is desirable to prevent deterioration because the section can be as 

little as 25 mm in thickness. Any loss of materiai will lead to loss of cover followed 

by corrosion of the reinforcement. Also the matrix- must be impermeable to prevent 

water from passing through it, although making boats that are essentially water tight 



has not been a problern. Paints and other coatings have been used to protect the 

reinforcernent but this can be avoided with a durable mortar and stainless steel 

reinforcement. 

The use of reinforcement that will not corrode can be a great advantage in this 

environment. Although polypropylene mesh and fibrillated plastic fibers c m  be used 

they are not very effective as their modulus of elasticity is low. Consequently they 

are not widely used in construction. Stainless steel meshes have been used but they 

lead to higher production costs. 

4.5 Phvsical Characteristics of Ferrocement - 

The properties of ferrocement are associated with a relatively large amount of 

two dimensional reinforcement with small diameters and large surface area. Since 

the reinforcement is disuibuted extensively throughout the entire matrix. there is a 

great increase in elasticity and resistance to cracking. This is related to the volume 

fraction and the specific surface of the reinforcement. 

Tensile stresses cause three stages of behaviour in ferrocement clements as 

discussed in Nedwell and Swamy (12). The composite t i n t  behaves as a Linear elastic 

solid until the first crack in the manix. The next stage is the multipie cracking stage 

which starts at the first crack in die rnatrix and conhnues to the point where the matrix 

begins to fail. At this stage the number of cracks tends to increase but the crack 

width remains constant. This c m  be of benefit when used for water tight elements. 

The cracks widen in the third stage but few new cracks are observed. At this time the 

reinforcement is yielding and wili continue until failure. Fig 7 shows the various 
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stages of cracking in a ferrocement slab subject to an increasing tensile stress. 

Flexunl behaviour is sirnilar to tensile behaviour in that il is divided into three 

regions as shown in the load - deflection curve in Fig 8. The lower dashed line in Fig 

8 represents the theoretical stress - strain curve if the composite wüs modifted to an 

equivalent a m  of steel. The three regions an: pre-cracking, post-cracking, and post- 

yielding stages. The most common stage seen in service is the post-cracking stage at 

this point. There is assumed to be no tensile strength in the mortar and ail the tensile 

Ioad is canied by the reinforcement. The composite hehaviour can be approximated by 

formulas used for common reinforced concrete and good agreement is rcalized. The 

reinrorcement provides improvements in ihe llexurd strcngih of- cciiient cornp«si tes ( 1 2). 

The resistance to impact loading c m  be increased with increase in the specific 

surface and the volume fraction of reinforccment. WeldecI wire mesh provicies higher 

impact-strength then chicken wire type reinforccment. The type and shapc of the 

impact load also has ;in effect on the failurc pattern. 

4.6 Durability of Ferrocement in a Marine Environmerit - 

Ferrocernent is a durable materiid in tIic marine environinent iind lias pcrformed 

well in past applications. The most important factor in producing a dunble product is 

the quality of the rnortar. Due to the thin section or the léirocement, it is cssential 

that a low permeability rnortar be produced to resist the ingress of moisture. 

Admixtures can be added to the mortür thüt will pmducc a niore impermeable product. 

Generally, the factors that produce a mass concrete that is durable in the marine 

environment also produce a durable mütrix for ferrocement. These admixtures include 

silica Fume and high range water reducers. 
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5.0 POSSIBLE APPLICATIONS OF THIN SECTION CONCRETE 

PRODUCTS IN AQUACULTURE 

The demand for products that will meet the requirements of the industry is 

continually growing. Concrete products can prove to be very suitable for aquaculture 

uses due to their known durability in the marine environment. Floating concrete 

structures including barges, cages, boats and feed storage bins can be very beneficial 

to the fish farrner. 

Cage structures are presently being constructed of a variety of materiais 

including plastics, metals and wood. Designs of these cages are diverse both in 

appearance and function. The concept of a cage structure that couici be constructed of 

some type of pozzolanic cernent composite appears to have merit. Proper planning 

and design would be required to ensure that the product is durable and stands up to 

the conditions placed on it. 

Floating docks, warehouses. and service vessels are dso possible areas of use 

for concrete products. In these structures the full advantage of using thin section 

concrete products c m  be rnost easily realized. Structures that are a single, relatively 

ngid unit might produce a better facility then the products currently used. These 

concrete structures would be convenient to construct and wouid dernonstrate the 

performance of thin section ccncrete and provide experience that would lead to the 

construction of products of a more complicated shape. For example. a floating feed 

storage facïiity would appear to be suitable for thin section concrete. 

The initial cost and service life wiil play a major role in deciding the future of 



concrete products for aquaculture. To enter the market, products must be 

cornpetitively priced or exhibit charactenstics that make them superior to competing 

products. The aquaculture industry is so young in Atlantic Canada that existing 

products that last as few as five years are thought to be durable. Long term needs for 

facilities must be ascertained and the requirement that they need to have ri long service 

life must be appreciated by the industry before thin section concrete structures can be 

rnarketed cornpetitively. Concrete products are likely to be competitive only after they 

have been demonstrated to be able to provide this long service life at an economicdly 

cornpetitive price to the local aquaculture community. 

5.1 Favourable Applications for Thin Section Concrece - 

The properties of thin section concrete make it ideal for use in certain marine 

structures. Due to the corrosive nature of the marine environment. the durability of 

the product plays a very important role. Generally this type of construction is noted 

for good long term performance ( 12). One of the main advantages of thin section 

concrete is it weight. Due to the fact that the cross section is thin there is a minimal 

amount of matenal and therefore a low dead weight with the result that the vesse1 

tloats high in the water. 

Also, thin section concrete can be consmcted t'rom basic raw materials by a 

local labour force. The shape of the finished product crin be very complex and s t d i  be 

easily constmcted of thin section concrete. 

5.1.1 Barges 

Barges are simple structures that coold be constructed effectively out of 



concrete products. Depending on the size of the barge different materials are used. 

For a barge to be useful to the aquaculture industry, ferrocernent appears to be the 

most appropriate form to use. The thin section would allow for a vesse1 of high 

capacity and still provide durable deck and sides to handle the impacts of landing 

materiais and rnooring. A proper engineering design would need to be carried out to 

ensure that the barge can withstand dl the loads irnposed on it. With ferrocement 

construction the size or shape are not limitations as in the case with wood and steel. 

Aiso the surfaces of the ferrocement c m  be finished to produce an anti-slip deck and 

smooth surfaces in the water. 

5.1.2 Senrice Vessels 

The variety of vessels used in the aquaculture indusvy includes scows. fishing 

boats, and tlat deck service boats. Most new boats built specifically for the 

aquaculture industry are being built from conventional materials like wood. steel and 

fiberglass. A few ferrocement boats over ten meters in length have been constructed. 

and are less costly and last longer than those built of traditional materials ( 13. L1). 

5.1 -3 Marine Wharves 

Reinforced concrete has been used extensively for industrial and public 

wharves, but it tends to be very heavy with a high initial cost. Pressure treated wood 

products have been used extensively for marina mooring facilities. This is a very light 

building materiai. is also very versatile. and employs well known construction 

techniques; however it tends to have a short service life ( 1 3.14). 

Ferrocement has a very thin cross section resulting in a sigaifcant reduction of 



weight which is desirable for a t-oating wharf. It is also a very durable material for 

marine applications making it more appealing then most other materials. Furthemore 

its construction techniques require mainly unskilled labour and construction c m  take 

place on site. It hûs been used effectively for marine wharves to serve both the 

aquaculture industry and the commercial fishery on the Pacific coast ( 14). 

5.1.4 Design of Appropriate Caees 

As experience with ferrocement products is gained in the Atlantic aquaculture 

industry. it is hoped the industry will gain sufficient confidence to try various new 

designs using ferrocement. New species that are being promoted will require new cage 

designs and these new cages rnight be built more effectively out of ferrocement. 

Ferrocernent net pens can be constructed based on designs that produce a ngid 

structure. To do this the rnovement caused by the surface waves must be avoided by 

positionhg the main buoyancy coi1a.r below the ocean waves and using a system of 

balfast tanks below the water iine chat c m  be tlooded or filled with air to control the 

pen elevation in the water. The vertical struts above the buoyancy collar would be 

constmcted of double walled ferrocement with sufficient buoyancy t'rom inside to 

provide stability for the overall floating structure. Figure 9 shows a preliminary 

design of a net pen complete with a Fom filled flotation ring at rin elevation below 

the maximum wave height and a ballast / floatation ring at the bottom of the tank. 

The plan view of this structure shows ferrocement bearns at the top and bottom of the 

vertical cylinder shaped pen to provide structural stability. The sides of the pen would 

need to have exposed stainless steel expanded metal to allow for circulation of water 





through the pen to maintain water quality. These openings would be constructed by 

not applying mortar to areas of the reinforcement. Since the mesh in the openings 

would extend into the ferrocement section there would be no concern for fastening the 

mesh at the penrneter of the openings. Openings would need to be distributed in a 

rnanner that will maintain the strength of the complete Pen. A stainless steel mesh 

could dso  be used to seal the bottom of the cage while a traditional net would likely 

be used to seal the top of the cage. 

The benefits of this type of a structure over traditionai pens are numerous. The 

pen is a rigid structure that will provide a stable water volume for the contained fish 

and aiiow for the lowering of the cage below the water surface during bad weather 

thus increasing the security of the fish. However. the traditional net covering the cage 

must be replaced with a predator net and a fish net. Ferroccment creates no 

constraints in producing tks type of structure due to its ability to be formed in any 

shape or thickness. Vertical slipforming could be used ro produce this pen system on 

the water greatly reducing construction cosrs. 

Ferrocement is a very versatile material that could easily meet the changes 

necessary to meet the future needs of the industry as new fish species are farrned. The 

cage described above couid easily be modified to handle benthic species by making a 

portion of the bottom of the cage solid and perhaps adding intermediate levels as 

shown in figure 10 . It would be very difficult to mirnic the geometry of the existing 

cage designs that are based on the fiexibiiity of plastic with ferrocement and stiil 

produce an acceptable product. 
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5.2 AppIications Unsuitable for Thin Section Concrete - 

It is essential that applications for which thin section concrete are unsuitable be 

recognized. The production of products that fail because the material is simply 

unsuitable for that end use would tamish the reputation of thin section concrete and 

make it much more difficult to prornote it for other applications. Large sudaces made 

from thin section material are iikely to buc kle unless they have intermediate stiffeners 

which fortunately are easy to incorporate into the design. Also long slender shapes 

may not develop significant strength to resist bending moments and in this case the 

use of prestressing should be considered. 

It is important to determine the loads irnposed in a particular application and 

design the structure to resist them. 

5.3 Production Methods of Thin Section Concrete - 
Basically ferrocement is produced either by forcing Iayers of mesh into the 

matrix or by forcing the matrix through a preassembled reinforcing mesh. If ~ h e  

matrix is applied from two sides ûf the mesh. care m u t  be talcen to ensure that no 

voids are left as this will lead to a poor bond between the mesh and the mahx  

resulting in a weak matenal. 

Depending on the construction rnethod. the product c m  either be constructed 

on site or close to the site of final use, or produced in a factory and shipped to the 

site. There are advantages to both types of production. Fxtory production miikes it 

easier to maintain high quality control and allow trained labour to work very 



effïciently. Constructing the finished product on site ailows for lower transportation 

costs and less handling of the finished product. Eüch situation would need to be 

analyzed on an individual basis. 

5.3.1 Preforrned Reinforcing and Mortar Pac king - 
Hand plastering or shotcreting can be used to place the matrix around the mesh 

network that has been formed to the desired shiipe of the product. This is a relatively 

simple process as no formwork is required. This process can be enhanced by using a 

mould on one side and forcing the matrix through the reinforcing against the mould. 

5.3.2 Laminatinp Process for Ferrocement 

The laminating technique involves forcing the mesh into the plastic mortar. A 

layer of matrix is appiied and allowed to set partially: this is to ensure proper cover. 

A second layer of mortar is then spread and one or two Iayers of reinforcing mesh is 

rolled into it. This layering process is continued until the desired thickness is reached. 

5.3.3 Slipfonn Process for Ferrocement - 
One possible method of producing ferrocement is a slipform process. It would 

be most effective for uniform cross sections and for shapes where a slipfom could be 

easily constmcted. A one-sided form is constructed long enough to support the 

ferrocernent for a period of time that will allow placing and cunng. The construction 

is done on a continuous basis and the product is advanced out of the f o m  at regular 

intervals. In slipforrning ferrocement. the form is stationary on a beach and the 

product is extended out into the water. Because only a small part of the product is in 

the form at any one interval, a considerably smaller amount of formwork is required. 



This method of construction was developed by lorns (2). 



6.0 DEVELOPMENT OF A THIN SECTION CONClRETE PRODUCT 

SUITABLE FOR AQUACULTURE AND THE MARINE 

ENVIRONMENT 

6.1 Selection and Reauirements of Triai Product - 
As an inducement to the industry to invest in the concrete net pen system. there 

is a need for a demonstration project to be cmied out whereby a simple structure is 

built using similar matenai and procedures and then exposed to conditions in the Bay 

of Fundy. 

This demonstration project could be a floating concrete product for use in the 

aquaculture industry that must be selected built and operated to demonstrate that it 

c m  be used effectively. The trial product should be readily accessible to as many 

members of the local industry as possible so they c m  see tirst hand the performance 

of the product. A structure that is similar to something already in service tillows for 

an easy cornparison between the old construction materials and ferrocement under the 

sarne Loads and conditions- 

The loading on the demonstration project should be typicai for the location and 

conditions of use and include impact, wind, wave. king, abrasion and other various 

effects. The trial structure should be exposed to known forces so that an accurate 

calculation of the intemal stresses c m  be determined thereby increasing the knowledge 

gained from the trial project. 



Based on these considerations possible suitable projects would be a floating 

wharf structure, a floating barge, or a service vessel. Al1 of these structures would 

face impact loads from boats bumping the sides dunng docking. Exposure to marine 

conditions would be possible by placing the structure at a suitabie location where 

marine loads are piaced on it. Endustry could have access to the structure if it were a 

public wharf or a feed storage barge owned by a fish feed supply company. 

A survey of periodicais related to the aquaculture industry shows there is an 

increasing interest in the production of service vessels ( 15). Service vessels are being 

produced from various materials including plastics. wood and metals. The possibility 

of using thin section concrete to produce a marketable service vessel iippears 

prornising. It would require making the indusuy aware of the product and dso  

showing that the prodiict could be produced at a reasonabie cost. The fact that 

tèrrocement c m  be produced locally and is easily adapted to different designs and 

requirements will draw interest to it in the developing production of service vessels. 

The cost anaiysis in this report will focus on a semice vessel. This will show after a 

few years if it is comparable in cost and superior in performance and durability 

compared to other construction materids. 

The base structure of the service vessel is shown in figure I l  complete with 

dimensions. A boat of this size and shape was choszn as it reflects the average size 

and shape of those produced to date. and the size and shape lends itself well to 

ferrocement construction techniques. Also a vessel of this size is more likely to be 

be constructed at this stage of development than a larger vessel. This vessel might 





need to be modifïed to suit the attachent of special equipment but items such as a 

wheel house will not require major changes. The additional equipment was not 

considered due to the various requirements from different owners. 

The vessel shown in the prelirninary drawing was used for the cost estimate in 

section 6.6-. whkh will address the vessel from a construction and economic point of 

view. The size chosen, 4.9 m (16 ft) by t 3.2 m (40 ft), is an appropriate size for a 

Bay of Fundy service vessel. 

In the aquaculture industry vessels are required ro carry materials to and from 

cage sites and to provide a stable working platform from which to ciirry out daily 

activities. This necessitates a large deck area and a high load carrying capacity which 

the proposed vessel meets. 

The cross section of the hull of the vessel is shown in figure 13- The 25 mm 

thickness is a typical section thickness for a ferrocement vessel of this shape and size. 

The number of iayers of reinforcement can be up to five layers in a section of this 

thickness however three iayers has been selected for cost analysis. 

To increase the deck load capacity and to resist the warer pressure 

beneath the boat it may be necessary to include intemal stiffenen benveen the 

buikheads depending on the applied loads. A barge type vessel constructed of thin 

section concrete wiii require the inclusion of interna1 bulkheads. [n the prototype 

these bulkheads are spaced at 1.2 m in both directions as shown in figure 13. These 

compartments will be accessible via a watertight hatch to ailow for inspection. Some 

of these ceUs could be constructed to d o w  for storage of a variety of materials such 







as wet weils for live fish. Figure 14 shows these spaced at dùrd points between the 

interna1 buikheads. A typical detail for the stiffeners is included in figure 15. This 

particular detail shows the inclusion of 10 M reinforcing bars. The section is thicker 

at the stiffeners and because of this the reinforcing bars c m  be included as there is 

adequate cover to prevent corrosion. 

The construction procedure that will be used for the trial product will require 

the use of construction joints at severai locations where precast panels are joined to 

the main structure. Figure 16 shows details of how this joint is constructed and where 

the expanded metal reinforcing is overlapped and tied. The workrnanship at these 

joints is extremely critical to ensure proper tying of the reinforcing and complete 

filling of the joints with mortar. 

The construction of the barge could be carried out near the site where it would 

be deployed. In the past Cloating forms have been used for ferrocement thus 

eliminating the need for a dry dock ( 16). Ferrocernent also lends itself well to 

unskilled Iabour which would allow it to be built Iocally without increased cost. 

6.1.1 Prove Suitabilitv of Product for Aquaculture Lises 

To convince the industry that a ferrocement product is suitable for aquaculture 

use will require producing a cost effective product that is durable and perfoms well in 

its environment. Also different areas of the fish famiing industry may require 

different properties in the service product. A tnal product should exhibit the various 

surface textures of ferrocement. Safety concerns for slippery walkways can be 

cornbated with a broom f ~ s h  on the topside of a ferrocement Boat. The long term 









durability of ferrocement will be difficult to demonstrate when exposed to sea water in 

a short time span. Therefore accelerated testing in a laboratory would be helpful in 

evaluating the product. The diversity of applications for which fei~ocement has 

already been used in the p s t  should provide confidence in its suitability for 

aquaculture uses. ( 1 1) 

61.3 Gain Industrv Confidence in the Product - 
The most effective way to gain confidence in a structure is to construct it. put 

it in service and let its performance speak for its self. Therefore it is essential that the 

initial trial product performs as weii as the material allows. The design must 

incorporate ail the considerations that might exhibit thernselves during the life of the 

structure. Connections between various sections of the product or attached equipment 

must be evaluated to prevent premature failure of minor or major components. Selling 

the idea to larger aquaculture compmies with sufficient capital to build a prototype 

and use it regularly would be the next logical step. This would jive them exposure to 

ferrocement and concrete products. As the products become visible and popular the 

industry will propose new uses. it is imperative that proper engineering design 

practices continue to be followed to ensure that ferrocernent products perform well and 

do not develop a poor service record* 

6.2 Design Process - 
The design process must take into consideration dl aspects of the project. 

Loadings on the product, material properties, service conditions, and expected service 

life are speciai considerations. The design addresses ease of construction of the 



product so that it cm be efficiently built at a cornpetitive cost. 

A preliminary design which was used to provide information on which to base 

an initial budget was completed. It should be noted that before any prototype is 

constructed a detailed and thorough design must be cornpleted by 1i marine architect 

and engineer with a good deal of experience the marine environment. A thorough 

structural design was not conducted by the author because this would be dependent on 

the service conditions that the owner would be looking for and the local marine 

conditions. Also the detded design should be completed by an engineer with 

experience with this type of a vessel. 

The preliminary vessel described in section 6.1 is a typical size that would be 

constructed. Based on the size of vessel, and the calculations included in section 

6.2.5. the required arnount of steel reinforcing for the vessel was detemiined for 

budget purposes. The preliminary design is based on the vessel acting simply as an 

end supported beam with a uniformiy distributed load. The wost case situations of 

sagging and hogging were also used in the calculations. 

The reinforcing steel was incorporated into the structure üt the location of the 

buîkheads and the intemal stiffeners. The reinforcing bars shown would complement 

the expanded metal mesh that is included in the thin section ferrocement construction. 

Various similar structures built by M. Ioms (shown in Appendix B) demonstrate the 

adequacy of the structure design. 

6 Loadings on the Barge 

The loadings on a marine structure are considerable in magnitude and diverse 



in application. Evaluation of environmental conditions speci fic to the reg ion where the 

vesse1 will be used are of utmost importance. Fouling of a floating structure must be 

considered as it can greatly increase the dead weight of the product. 

FTP Recommendations for The Design and Construction of Floating Concrete 

Terrninals lis ts the following Loads ( 1 7). 

R2.2 Load Categories 

R3.2. I Standard service load 
R2.2.2 Maximum design load 
R2.2.3 Theoretical cracking load 
R22.4 UItimate load 
R2.2.5 Deformation loads 
R2.2.6 Accidental loads 
R2.2.7 Local loads 

R2.3 Determination of Environmental Load 

R2.3.1 Wave loads 
R2.3.2 Ice and iceberg impact loads 

R3.4 Mooring loads 

R2.5 Sloshing loads 

This breakdown of loads shows the variety of loridings that must be considered 

ruid even this is not necessariiy a complete lisr in dl situations. Each project rnust be 

assessed on an individuai basis to ensure that no possible loads or combinations of 

Ioads have been overlooked. In the Bay of Fundy loads such as currents and 

biological fouling have substantial effects on design values. 

6 .22  Maior Design Requirements - 
In addition to the loadings on the product, the service requirements of the 



vessel must be considered. This would include features like rnounted equipment. 

access and storage requirements and lifting capabilities. Blood water containment is a 

problem during harvesting and the barge could be used to store blood in individuai 

celis. These requirements must be identified before an effective and complete design 

c m  be produced. 

As stated above the loadings on the product are a key considention in any 

design. The design life of the stnicture rnust be detennined so design Ioads and 

included components c m  reflect this. The projected design life wiII determine what 

loads the structure will be built to resist. The design life dso is related to the purpose 

for which the product is built: in the case of a service vessel an ided service life 

would be more than 20 yean. Hull shape and construction will determine the sea 

worthiness and performance in rough water. This should be investigated thoroughly 

and related to existing shapes and their performance. 

The material properties required For durability and service need to be addressed 

so that the design and construction procedure c m  be selected to reflect this. This 

includes items such as reinforcing material. cernent type and surface tïnishes. For 

marine structures such as a service vessel Martin Iorns (3 )  recommended gdvanized 

expanded rnetal mesh based on his experience. 

It is important that the design reflects consuuction procedures that are 

avaiiable. The location, type and frequency of construction joints must be recognized 

because it will have a bearing on the design of the vessel. Care rnust be taken to 

prevent problems from occurring during the construction phase whch would include a 



detaiied and complete design complete with suficient drawings and details to ailow 

for construction efficiency. The proposed location of construction will have a bearing 

on the design as well. If the structure is to be built at a suitable location for floating 

formwork, the design cm reflect this. but if it is built at a land based construction site. 

loads incurred while transporting the vessel to the water must be built inro the design. 

With any concrete structure in a marine environment it is important CO mess 

the effects of freezing and thawing on the structure. In producing a vessel for Adantic 

Canada it is important to ensure that the vesse1 has good keze/thaw resistance. 

Prestressing is a form of reinforcing that is used for many concrete marine 

structures and could be used for thin section concrete also. Prestressing rnakes use of 

the compressive strength of concrete products by applying a compressive load on the 

concrete dunng construction. This helps to limir cracking in the structure and 

ultimately leads to higher load capacity. Prestressing can be beneficid in larger 

structures provided it is carried out according ro accepred procedures and as the 

structures developed for the aquaculture indusuy increase in size and complexity. 

prestressing could be used effectively. The srnail size of the service vesse1 described 

in this report does not allow for much benefit to be redized from prestressing. The 

finely spaced reinforcement in ferrocement is effective in controlling cracking in 

structures built kom the material. 



6.2.3 Corrosion Protection - 

The marine environment is hostile CO concrete reinforcing materiais. Special 

considerations must be incorporated into the design to ensure corrosion does not lead 

to prernature failure. Permeability is one of the main characteristics influencing 

duwbility of concrete (17). Ferrocement is a relatively impermeable concrete product 

but due to the minimal cross section thickness precautions need to be taken. Adding 

silica fume and By ash to the mortar will decreue permeability. Physical coatings 

also c m  be applied to produce a protective coating on the outer surface. 

The corrosion of mechanical fasteners or equipment c m  dso be a problem- 

Any exposed rnetal should at least be hot dipped galvanized and wearing parts should 

be made of non-corrosive metds. The corrosion potential of dissimilar metals must be 

considered. Metals and dissirnilar metals showing poor performance in the marine 

environment should be avoided if a durable vessel is to be produced that matches the 

durability of ferrocement. 

6.2-4 Design of Special Cornponents and Considerations - 
The force required to moor a service vessel CO a wharf is an important factor. 

Handrails. cleats. tie down rings and various other items must be connected to the 

vessel at various locations. In most cases these will be connected to the sheii of the 

vessel. Components such as mooring connections or towing hooks must be fully 

integrated into the design. Ferrocement makes use of very thin sections. and 

reinforcing the areas around these connection sites is critical. 

Major equipment including lifting hoists, rnotors and drive mounts must be 



considered. The huil design and the addition of a wheel house ;ire importiint as well. 

These are rather large loads applied to specitlc points o n  [lie vessel, a n d  the cnft m u t  

be reinforced appropriately to prevent breaking or the shell. 

6.2.5 Section Properties - 
The calculations for a 25 mm thick ferrocement sccrion rcintorced with 4 

Iriyers of expanded metal are shown below. These calciil;itioiis :ire approxirnatc iind 

test specimens should be constructed and ~cstcd to gct ;icçurriic tlcsign information. 

The formulas used have been obtained frorn Xiong and Sin@ ( 19) and they have heen 

shown to correlate welI in laboratory stilrctural tcstirig. 

Assumptions used for the design: 

- Based on a 1 m wide strip 

- Section is cracked below the  neutrd axis and therefor-e the i-eintorcenient is 

resisting al1 tensile forces 

- There will be t w o  layers of expanded rtietiil Iûtli ( I .Y5 kg / in') rcinforccment 

below the neutral a i s .  Figure 17 is no t  to sc;ile 

- The strength of the mortar is 30 MPa 

%u 

Fig. 17 Mode1 for Predicting Ultimate Monicnt Capacity ( 19) 



As = reinforcement area = 460 mm' 

fsu = ultimate steel strength = 400 MPa 

b = width of the beam = 100 mm (design is based on a i m strip) 

ts = the height of the reinforced zone = 12.5 mm 

ocu = the mortar stress 

fcu = ultirnate mortar strength = 3 0  MPa 

octu = converted steel ultimate stress 

fcu = 30 MPa 

fsu = 400 MPa 

CalcuIations to determine the moment capacitv. 

ocu = 0-67 fcu = 0.67 x 30 MPa = 20.1 M'Pa 

~ c t u  = (As x fsu) / (b x ts) = (460 mmLx 0.4 kN/mm2) 1 (1000 mm x 12.5 mm) 

octu = 0.0147 kN/& = 14.7 MPa 

c = height of the compressive zone 

c = GCtU x ts / ocu 

c = 14.7 MPa x ( 12.5 mm / 20.1 MPa) = 9- 14 mm 

Calculation of the moment capacitv of a 1 m section of ferrocernent 

M = ~ c t u  x ts x b x (h - (td2) - (CI?)) 

M = 0.0147 ~ m m '  x 12.5 mm x 1000 mm x (15'mm - 6.25 mm - 4.57 mm) 

M = 2605.6 kN mm = 2.6 kN m 



6.2.6 Product Design 

The design of a prototype should not be taken lightly and would involve 

consulting specialists in the field of ferrocement and navd architecture and other 

experts in marine structures who have the knowledge and expertise. At this stage 

potential problems with the design would be identified and corrective action taken. A 

complete structural design of the product is involved and very important. The design 

rnust begin by identiQing the intended uses of the service vessel which would include 

feeding, harvesting, net changing and cleaning. maintenance of site. cage mooring. and 

smolt transport. The detailed design of this prototype is beyond the scope of the 

thesis. This is because the design is one of the rnost important aspects of new product 

development and it should be completed by designers that have extensive expenence 

in this field. Vessels in the past have been built based solely on experience and the 

results have been good which shows the importance of expenence ( 2 ) .  Section sizes 

and the amount of reinforcing have been investigated to enable a redistic cost estimate 

to be made. 

The ailowable loading on the deck and sides of the vessel is caiculated below 

based on a u n i f o d y  distributed loading using the span of 1.2 m and a moment 

capacity of the 25 mm section of ferrocement of 2.6 kN m as calculated above. 

M = Moment capacity 

w = Unifordy distributed live load 

w,,, = Allowable uniforrnly distributed load based on the calculated moment capacity. 



M = w12 1 8 for uniforiniy distributed, 

therefore w,, = M x 8 / l2 = (2.6 kN m x 5 )  1 (1.2 m x 1.2 m) = 14.4 kN/m. 

Because the moment capacity is based on a 1 m strïp. the allowable load is 14.4 

kN/m2. Converting this to an allowable head of salt water with a mass of 10.1 m m 3  

gives 14.4 kN/m2 / 10.1 kN/m3 = 1-43 m of water. 

Therefore the sides c m  withstand a pressure of 14.4 ~ / m '  ( 1.43 rn of water) and this 

would relate to a head on the deck during refloating after a beaching of L.43 m. 

These calculations are conservative because the stiffeners are not tüken into account 

and the deck and sides would act as a two-way slab continuous over many supports as 

shown. 

Boats that have been built from ferrocement in the past have shown exceptionai 

impact resistance on their sides over considerable spans. The vessel described here 

has a clear span of 1.05 m between internal bulkheads. A detailed design would 

determine the expected impact loads and if these exceed the capaciry of the section it 

would need to be strengthened with internal stiffenen similar to the top and bottom 

sections. It should be noted that ferrocement properties regarding cracking usually 

lead to failures that are not catastrophic and c m  easily be repaired using simple 

techniques. 

The maximum bending moment was calculated büsed on simply supported 

conditions with a u n i f o d y  distributed load applied to the deck. This would resemble 

the situation where the loaded vessel would be exposed to sagging conditions. Figure 

18 and the foilowing calculations depict this. 

57 



Factored uniforrnly distributed [ive and dead Ioad 

12.2ni --L 
Figure 18 Load Distribution 

Dead toad per meter of lcn~th of !lie vesscl: 

Calculation of the volume of concrete in the vcssel for each meter of lenglh produces: 

Volume of the top slab plus voltime of thc ho~icini slnh plirs tlic voltinic of the 

bulkheads in both directions equals the voliinic of concrcte. A krroccrnent section 

thickness of 25 mm wili be used for thcsc c~ilciiI;itioiis. 

Bottorii = (5 m (wide) x -025 m) = 0.125 m' 

Top = (5  m (wide) x -025 m) = 0.125 rnL 

Longitudinal Bulkheads = (5 (bulkheads) x -025 m x 1.2 iti (Iiigh)) = O. 15 inL 

Transverse Bulkheads = (( 1 (bulkhend) / I - 2  iii ( Icnç!ii ol' tlic vcssci ) 1 n 5 rii (wiclc x 

1.2 m (high) x -025 m = 0.125 m' 

Total = 0.125 + O. 125 + 0.15 + 0.125 = 0.525 in' 

The volume of concrcte per meter of length o l  the vesscl is -525 m'/m. 

Factored dead Ioad = 0.525 m3/m x 23.5 k ~ l r i i '  x 1.25 (deid load factor) = 15.4 kN 

per meter of length of the vessel. 



Live Load per meter of len~th of the vessel: 

Use a Deck laad of 4.8 k~/rn' 

4.8 k ~ / r n '  x 5 m (wide) = 24 kN per rneier of  Icngth of the vcsscl 

Factored live load = 24 kN/m x 1.5 (live load hctor) = 36 kN/m 

Factored total load = factorcd [ive load + factorcd dead lo rd  = 5 1.4 kN/m 

Calculation of the maximum bendirip niomcni: 

The following calcutation is bascd on the barge hcing supportcd oniy ;it cach end. 

M riiax = w12/8 

=(5 1.4 kN/m x 12.2 rn x 12.2 m)/8 

= 956 kN m 

The maximum moment is 956 kN rn for these çoncfitions. 

The forcc couple required tu produce iliis rnomcnr in ii 1 2 in deep section 

which was used Ior ttiis vessel w;is tlctcniiiiicd h;c;cd on Iigiirc ICI and ilic Ibllowing 

caIculations. The arca of steel rerpired is also calculated helow. 

C=Cwti pressive Force 
T=Tcns i le Force 

Figure 19 Balancing Forces 



Calculation of force couple and area of steel required: 

Sum of the moments at A = O 

1.2 m x  (T) =956 kN m 

T = 797 kN 

C = T  

Usinj fy = 400 MPa 

As = Tl(@ x Q) 

= 797 IcN / ( 3 5  x 400000 kN I rn') 

= 0.002344 m2 

= 2344 mm2 

From the above calculations the amount of steel required is approximately 7500 mm' 

By using 10 M bars with an area of 100 mm'. 25 bars would be required. 

7-10 M bars would be placed in both directions both in the top and bottom slab at the 

interna1 stiffeners and at the intemal bulkheads. A section view of a ce11 is shown in 

figure 20 and a plan view of this layout in each of the cells fonned by the internai 

bulkheads is shown in figure 21. 



Figure 20 Section of Ce11 Showing Reinforcement 
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The freeboard of the vesse1 was checked to ensure that the vessel doated high 

enough in the water to be seaworthy and that the preliminary size and depth of the 

vessel was reasonabie. The caicuiations are shown below. 

Mass displacement of the vessel at a depth d in rneten. 

12.2 m x 4.9 rn x d x 1000 kg/m3 = 59780 d kg 

Mass of the vessei 

The quatities are calculated on the quantity takeoff sheet in Appendix B. 

Concrete 8 m3 x 23 10 kg/m3 = 18480 kg 

Expanded Metal 3 12 m' x 1.85 kglm' = 577 kg 

Reinforcing bars 1032 m x 0.785 kgrn = 8lO.kg 

Total 19867 kg 

Equate the rnass and the displacement 

59780 d = 19867 

d = 19867/59780 

d = 0.33 rn 

This shows that the vessel of the dimensions 12.2 m long by 4.9 m wide by 1.2 

m deep wiil draw .33 m of water when floating. Therefore the freeboard is 1.2 m 

minus 0.33 rn which is equal to 0.87 m. This is reasonable freeboard for this type of 

vessel and indicates that the dimensions chosen are appropriate. 



6.3 Construction Method - 

6.3.1 Product Consistencv and Oualitv - 
The construction method used rnust diow for a structure of consistent quality 

to be produced. The strength and dunbility of the product cire highly dependent on 

the method of manufacture. 

To best control these factors an open rnould using a laminaring procedure with 

hand layup and plastering would be the best method for the via1 product. After 

expenence has been gained and larger and more repetitive projects are constructed. a 

systern to pump and spray the mortar would show cost benefits over hand work. 

The construction of a barge would involve several steps. The process could be 

broken down into three major stages. First. an outer formwork would be constructed 

in the shape of the hull, and the bottom and sides of the vessel's shell would be 

constructed- After this, the interna1 baffies and supports would be constructed and put 

into place. They would be prefabricated on land and moved into the main structure 

and connected. Then the top deck would be built over the intemal baffles to f o m  the 

working platform of the service vessel. The forming of the top deck would involve 

the construction of an inexpensive form that could be disassernbled and removed 

through the access harch. It may be more cost effective to simply leave the fonnwork 

for the top deck in the ce11 if the ce11 is not required for any type of storage. This 

would complete the main structure and the wheel house and power house could be 

added as desired. Additionai items such as equipment. mooring cleats and other 

rittachments could then be added to complete the vessel. 



6.3.2 Labour Requirements - 
The construction process selected will determine the amount of labour and the 

type of labour required to constmct the product. Minirnizing labour will help keep 

production costs low and allow for the construction of a cost effective product. 

Skilied labour and unskiiied labour and the amount of each used will determine costs, 

Production of a 4.9 m ( 16 feet) by 12.2 rn (40 k e t )  Service Vesse1 as described 

in section 6.2 would require the following labour contingent. 

A forrnwork crew to construct the outer shell Lorm work and any additional 

formwork that is required. They also would strip the formwork after placing. The 

crew would consist of carpenters and skiiled labourers. the number of rach depending 

on  the construction schedule. 

The second crew would be responsible for mixing and placing the mortar. This 

is a critical phase of construction and the crew shohd receive some training to 

develop their skiiis before they start placing the concrete. This crew would consist of 

a minimum of four persons preferably with concrete or masonry experience. 

The third crew would directly follow the mortar crew and would place the 

reinforcing mesh in the monar. The size of this crew would need to be adequate to 

keep pace with the mortar crew and ensure accurate placement of the mesh. 

A fourth crew would do the finishing work as the reinforcing crew completes 

its task. This would include completing the surface finishes and ensuring proper 

rnortar cover. Also if the finai layer requires special treatments or if the outer layer 

requires the application of waterproofing membrane or curing compound after striping 



it would be done by this crew. 

Supervision wiii be required to oversee the process. Also the designer may 

need to have some input and verification of the process at the time of construction. 

6.3.3 Machinerv Requirements - 
Machinery and equipment will be required for producing and placing the 

finished product. Pumping of the rnortar may be required as well üs cranes for 

transporting and placing. If a tloating formwork is used it will need to be construcced 

a1 the site. The machinery required c m  change considerably drpending on the 

construction process selected. 

The laminating process would require specific machinery to produce a service 

vessel. A rnortar mixer would be required on  site. A system for pumping the monar 

will need to be developed that wil  inciude a hopper. ri rnortar pump. an air 

cornpressor. hoses and a spray nozzie. This nozzie is the key to the success of the 

process and it can resemble the one shown in figure 22. 

6.4 Testing of Components and Structure - 
It is essential that testing is conducted on the finished product or segments of it 

to determine the properties of the structure. In order to test dl the factors that affect 

the performance of the product. more than one element must be tested. and therefore 

many similar sections must be produced for test purposes. 

6.4.1 S trength 

Strength is one of the most important properties used to compare thin section 

concrete of various types and dimensions. 



Figure 22 ILfortsi Spray Nonle (28) 



In the laboratory strength c m  be determined very accuntely using conventional 

testing techniques. Various cross sections can be tested to determine the most 

efficient iayout for ferrocement under given loads. Numerous similar sized specimens 

c m  be constructed and tested so that accurate nurnbers for strength can be determined. 

This should be done prior to construction to determine the best mix proportions. 

Samples should be taken during construction so that actual mix proportions c m  be 

tested. 

6.4.2 FIexibility - 
Flexibility is another property of thin section concrete that can be accuntely 

tested in the laboratory. The flexibility of the material is an important property to 

determine because it gives an idea of the deformation of the material under various 

loading conditions. 

6.4.3 Durabilitv 

The durability of concrete products can be viewed in two separate ways. either 

with the entire project as a whole or with the durability of the concrete structure at the 

material level. Durabiiity rnust be tested to determine how well the matenal wifl stand 

up to the environment in which it is to be used. Accelerated testing can be performed 

in a laboratory to give an indication of how durable the product will be in actual 

environment conditions particuiarly as it relates to the corrosion of the embedded steel. 

Determinhg the durabiLity of a particular marine structure in field conditions is 

difficult to d~ because information must be collected and processed over a period of 

time at a particuiar location. Durability is a very qualitative area of study. and 



iherefore it is important that a rating system be developed and inspections cmied out 

by the sarne people throughout the test period. 

6.4.4 Corrosion Resistance - 
Corrosion resistance is closely related to durability. The corrosion resistance of 

a concrete product is dependent on the materials used for the structure. Corrosion is 

caused mainly by interaction between the environment and the product. 

Corrosion of items such as reinforcing and connecting brackets can be 

identified through proper testing, and accurate measurements of the rate of corrosion 

c m  be determined using linear polarization. It may be desirable to eliminate corrosion 

by using materials such as stainless steel that are not prone to corrosion in the marine 

environment. 

6.5 Product Life - 
The useful life of a structure is an important factor when comparing the 

performance and economic benefits of particular technologies. The longer the product 

life the better chance the product has of being economically feasible. 

Many factors must be considered in estirnating the lire cycle of the product. 

Durability, strength, loading conditions, frequency of impacts and other conditions will 

affect the service life. It is important to estimate the expected service life as 

accurately as possible as this fomis the bais  for cornparisons with other products and 

materiais. 

6.6 Cost Analvsis - 
An accurate cost analysis is required to determine if a product and the 



construction materid can replace existing structures. An excellent produci that will 

last indefinitely will not be acceptable if the initial costs are too high. An economic 

balance must be achieved. Labour costs to construct the product. including training 

in new construction techniques. must be factored into the cost of a prototype but these 

costs can be expected to decrease as the constructick process becomes more routine. 

The raw materials required to construct thin section concrete are readily 

available in Atlantic Canada so in this case the production method will have the 

largest impact on the cost of production. 

The detailed results of the cost estimate for the ferrocement service vessel 

discussed are inciuded in table 1. Estimation software from Sunny Corner Enterprises 

was used to prepare the table. A detailed breakdown of the costs are presented in the 

work sheets in Appendix B. The estimate is a budget price only and this number 

should be reviewed once a final detailed design is complete. Various options may add 

to this price to reflect additional equipment and options deemed necessary by the 

owner. This cos t estimate assumes rhe foilowing conditions: 

* A bue vessel with no drive or additional equipment. 

* Prelimuiary drawings. 

* A ferrocement section 25 millimeters in thickness. 

* Special additives and coatings excluded. 

Table 1 shows a summary of the material and labour required for construction 

in the various stages. The cost of the material is combined with a production rate for 

carrying out the activiq and this produces a cost Cor the given xtivity. This can be 



seen in more detail in Appendix B. 

Table 1 summarizes the estimate for the cost of construction in various areas 

including design, generai requirements. equipment, fomwork. shell cons~ct ion .  

installation of baffles. AU of these costs are broken down into various cost categories 

including labour, materials and equipment. Anticipated rnarkups and overhead are 

calculated and an estimate total given. The estimated cost to construct the vessel is 

$26,152.00 as shown on the last page of table 1 - 

Ii should be noted that this cost estimate is based on preliminary drawings and 

expected construction costs. If the 

drawings are produced it would be 

cos ts. 

pilot project progresses further and construction 

possible to make a more precise prediction of 

6.6.1 Engineering and Design Costs - 
The development of thin section concrete products for the aquaculture industry 

will require a great deal of preliminary design to ensure an acceptable end product. 

These design costs must be taken into account when we consider the cost of the 

fmished structure. Especially with a new technology, design and engineering are very 

important aspects that must not be compromised in an effort to keep costs down. The 

damage to the reputation of thin section concrete caused by the failure of poorly 

designed products would be very dificult if not impossible to overcome. An 

estirnated cost of $3500.00 before markup was aliowed to do the design work for the 

vessel including construction drawings based on typical industry standards. 
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COST ESTIMATE (BUDGET) 
ESTIMATOR - 

Global Markups surnmarized a fer  Grand Total - Page 4 

Rmsourcr Code Ouanlity Unil Manhoura taooui Mitonals Ronialr Ronials (out1 Subcon~tacts SUS (inlainai) Coniurnrbirr S m U  T w .  T w i  
COU 

-. 
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R E M Y  MXED MOATAA 

30 QO HRS ?O 2 4 0  

160 WCF 
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I~llrwoncol 

~ E ~ A T  OR (TM) ~ ~ 0 0 ~ ~ ~ 0 3 -  Daia. 9/16/97 Tim: 2:22A0 PM 
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6.6.2 Material and Labour Costs - 
Direct costs in the production of thin section concrete products can vary 

considerably from one area to another. Material and labour costs in isolated areas 

rnay be considerably higher then costs in more populated places. Fortunately the 

materials required for production of thin section concrete are readily available in 

Atlantic Canada. Cement and suitable aggregate c m  be found locdly as weli as the 

timber required for f o d n g .  

The production techniques chosen will determine the amount and type of 

labour required. Both skiiled and unskilied labour is reüdily avaiiabie in southern New 

Brunswick but the cost associated with skiiled labour would mise the production costs 

substantially. Labour costs could be minimized if local workers were trained in the 

production techniques used. This also could help to speed up the development of thin 

section concrete for marine applications as local entrepreneurs might be ternpted to 

develop the product. 

For the purpose of this estimate. skilled labour wiis used to avoid the 

uncertÿinty of trainingcosts. The trades used include carpenters. Iübourers. and 

masons who are in the lower end of the skilled tradesmen püy range. This should 

produce a reasonable estimation of the labour costs. 

Labour and material comprise a large portion of the cost of production. 

Combined thcy amount to $14,747.00 before markup or 56% of the budget pnce. 

6.6.3 Production Costs - 
The cost of the finished product is one of the key factors in promoting a new 



type of construction. In order to enter a market competitively it is essential that the 

purchase price of the finished product be in the pt-ice nnge of sirnilar products with 

similar service Lives. The cost must reflect production costs. overhead and profit as 

well as any incurred cos& that may be included in development and production. The 

overhead and profit were kept to a minimum in rhis cost estimate with total markups 

amounting to $ 2,300.00 which is less then 10 96 of the total cost. The cost of the 

finished product wili play a major role in determining whether it will be purchased by 

the prospective buyer or whether it will be rejected as a replacement to products 

currently in use. 

6.6.4 Cost Cornparison of Alternate Materials - 
There is a wide variety of materials currently being used in the aquaculture 

industry. These include wood, plastics. and various metais. These materiais al1 have 

different service expectations and therefore cost comparison with thin section concrete 

would be difficult to do given the lack of service and cost records for the various 

structures. Various types of structures should be cornpared ÿs one material may be 

cost competitive for one type of suucture while thin section concrete rnay be more 

cost effective in another type of suucture. 

The framework for comparison must address several factors so that the best 

economic comparison c m  be established. This would require complete and detailed 

specifications and design frorn the owner. At this point the cost of the product could 

be estimated by going out to tender to contractors specializing in the various materiais. 

More than one contractor in each material should be selected so that competitive bids 



are received. The life cycle of the product would need to be estirnated as accurately 

as possible and this would be used to perform a detaiied financial analysis of the 

product. 

It is important that the contractors selected to prepare budget prices for the 

various materials have considerable experience and expertise to ensure that budget 

pnce is accunte and any potential problern with the design c m  be identified. The 

individuais chosen to predict the service life must also have exceptional credentiais 

and experience to ensure that the life cycles used are reasonable. 

Operation and maintenance costs for the various materials also need to be taken 

into account. The durability of the rnaterials, repair methods, operational 

requirernents, and special features will al1 play a part in determining operation and 

maintenance costs. Some of these costs will be determined by the original designs 

while others will result from service conditions. 

Al1 these factors will play a roll in the detailed financial analysis that would be 

required for each product. The financial analysis will demonstrate which applications 

of ferrocernent would be suitable from a financial point of view. 



7.0 CONCLUSIONS AND RECOMlMENDATIONS 

7.1 Conciusions - 
The development of thin section concrete for marine aquaculture applications in 

Atlantic Canada appears to be a prospect worth investigatinp. Aquaculture production 

in this area of the country has expanded greatly over the past two decades and hrther 

growth is expected. With the developrnent of new fish species for aquaculture 

production, new products will be needed to meet the requirements of these species. 

Growth in aquaculture will create a need for new wharves and facilities to serve this 

indus try . 

Aquaculture has developed innovative uses of plastics for marine applications. 

The rnajority of these uses are based on consrruction using circuiar sections which is 

not always the best section to be used. The sections available are determined by what 

the manufacturers produce to meet other markets as the aquaculture industry 

requirements do not justiQ mass producing a product. Thin section concrete can 

easily be produced to meet any section requirement and in no place would this be 

more advantageous than in the aquaculture industry. 

Thin section concrete has already proven itself in the construction of boats and 

other marine structures. The extension of this technolog to the aquaculture industry 

could benefit both further development of the product and the aquaculture industry 

itself. The potential for a good market for thin section concrete products rnakes it an 

area that deserves more attention. 



7.1.1 Viabilitv of Thin Section Concrete for the Aquaculture Industw - 

Thin section concrete may prove to be a viable material for a wide range of 

products that will be developed or are presenily in use in the aquaculture industry. 

The flexibiiity and various construction methods of ferrocement rnay prove beneficial 

to the promotion and development of thin section concrete products. A technology 

that can be used by a local labour force in the off season müy result in the speedy 

development and expansion of the product. 

The variety of structures that c m  be built including cages. barges and Iiccess 

wharves show the flexibility of this marine construction matenal. Provided good 

production methods are followed, a very durable product with excellent semice life 

can be constmcted with this material. 

7.i.2 Prototype Unit - 
The production of a prototype unit at a cost of S 36.152.00 will demonstrate 

the effectiveness of thin section concrete as a marine construction material for the 

aquaculture industry in Atlantic Canada. It is necessary for members of this industry 

to have an opportunity to see the product in a working form and persondly assess its 

physical properties. The prototype should be comparable to products built out of other 

materials that serve the same purpose. It should dernonstrate the properties of thin 

section concrete and prove the suitability of the product for aquaculture purposes. 



7.1.3 Long Term Potential 

The long term potential of thin section concrete will be determined by the 

reputation it gains in the first severai yean of development. It is important to ensure 

that early development foiiows good engineering practice and that the structures buiit 

demonstrate the best possible performance of the product. 

The long term potentiril will depend on the dernad for the product in the 

future from the aquaculture industry and other marine users. The cost to produce 

products made out of ferrocement will have the largest inkence on the potential 

development of the material. Products constructed with ferrocement must be 

cornpetitive in cost and performance with other construction materials if it is going to 

have a future in the industry. Provided there is continued expansion of aquaculture 

there is an excellent potential for the expanded use of thin section concrete products in 

this field. 

7.2 Recommendations - 

The development of new products to meet the requirements of the aquaculture 

industry is worth explonng. It is important that the development of floating thin 

section concrete products be carried out in a controlled and systematic mamer to 

ensure that the benefits are rnaximized and a bad reputation does not develop through 

poor production techniques. 



7.2.1 Assessing the Interest in and Dernand for Thin Section Concrete - 
Products for the Aquaculture Industm. 

Determining the aquaculture industry's interest in the development of a new 

matenal such as ferrocement is important before development commences. Members 

of the industry must first be infonned of the properties. applications. and various other 

aspects of the materials in question so they c m  forrn an opinion. 

If the survival rate of fish kept in cages can be improved with new designs that 

are produced in ferrocement, the industry will look more favourably on the product. 

Increasing the survival rate of the fish will result in significant financial advantages to 

the owner and will reduce the cost of production. 

The economic life of the structure will be a key consideration to the industry. 

It wiii be important to determine if the life of the asset will be extended substantially 

over the life of the products built with current building matenais. 

Suficient information must be provided so that an educated decision can be 

made on whether or not to develop the product for use in this industry. Brcause the 

members of the aquaculture industry are the end usen it is essential that their interest 

and backing be secured early in the development of the product. A scÿle mode1 would 

be an effective method of presenting a Ferrocement service vesse1 to the aquaculture 

industry. tt would provide a physical representation of the product and samples could 

be produced that would show the material's properties. The completion of this report 

and its release to the industry WU hopefully achieve some discussion and awareness of 

ferrocement. Channels will be developed through which the industry c m  make 



comments. If the indusîry receives this report with interest it may be possible to 

proceed with design and development. 

7.2.2 Fundinn and Construction  management 

Financiai aspects of the development of a new product must be considered. 

Funding to aid in the development should be pursued from various sources including 

the aquaculture industry. The development of floating thin section concrete structures 

would be beneficial to the cernent indusiry and funding from rhis group should be 

explored as well. It may be possible for boat rnanutixturers to receive gnnts and 

subsidies to develop a prototype. This may include tax credits and loan guarantees. 

It is important to ensure that management of the consî-ruction process in the 

initial stages is of high quality. This will produce a product built to the specifications 

and completed in an efficient manner. 

7.2.3 Monitoring Performance 

A monitoring program should be cmied out to keep track of the performance 

of the product after it is put in service. This will allow facts to be collected on the 

performance of the product and identiw areas where redesign may be necessay. Long 

term monitoring and accelerated testing wiil be important in proving durability. 

Also economic performance must be monitored as well. Lt is important that a 

reputable agency keeps these records so that the industry has faith in the economic 

results that are produced. 

A laboratory test program would be beneficial in testing and monitoring 

various rnix designs and types of reinforcement. Nurnerous factors could be tested to 



ascertain their effects on the fmished product and the performance of that product. 

Due to the numerous construction techniques for ferrocement. a cornparison between 

the performance of products built using various techniques also could be invescigated. 
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COST ESTIMATE (BUDGET) 
Worksheet: 003 - EQUIPMENT 

Woi ksheet Hsadsr 
Quaiitlty: Unit: Estlmator: BS Rovtsion: 

Wor k Codes 

Start Date: End Date: 

Fonnula Variables - Notes 
' ~ ~ ~ r n o b l n  

oepm 0.000 
LEffiHT 0000 
W T H  O 0 0 0  

1.00 Eû% W M C C W  185 lbS CFM kr sompr#ror rm* rmtal 2.W WEEK 

2.W W W MORTAR MIER MORTAR UNER WEEKLY 2.00 WK 

1.00 COS-TAR PUR MORTAR PCLQ AND NO= 2.00 WU 



COST ESTIMATE (BUDGET) 
Worksheet: 004 - FORMWORK 

Worksheat Header 
Quanttty: Unlt: Estimator: BS Rovislon: Start Date: End Date: 

Work Codes Formula Variables Notes 

I 
1.00 

6 
007TOM F O M  I I I I 

l I I 1 

2.00 COSTWENTER CARENTER R E O U U R  T M  400 HRS t.OQ I 1 
68 

I I 
I l I * 
I l I l I 

3.60 COSilMOUFICR U B O U R E R R E G U U A m  8.W HRS 1 .M % I l I I 

h l 1 I * 









COST ESTIMATE (BUDGET) 
Worksheet: 005 - SHELL CONSTRUCTION 

12.00 COS1 FlNlSHLNO PROO FlNlSHlNO PRODUCTION CREW 480 Oû 

13 00 sw INTERNAL wnes 

14.00 COS1 P U C M  PROOUCT PLAClNG PROOUCflON CRRN 640 W 

15.M COST REWORciNa PRO REiNFORCuJG PROWCTiON CREW 6(0 00 

18.m COST F W k W û  PROO F I N S H W  PROOUCTION CREW 64 .W 

17.04 DECK CONSTRUCflON 

18.W COST PLACINO PROOUCT PLACVJQ PROOUCTION CRRN W.00 

lB.00 COST RCWORCINO PRO RelNFORClNO PROOUCTlON CREW 640.00 

20.00 COST masma PROO FINISHIW PROOUCTION CREW MO w 

2i.W iFCTERM STFFENERS 

22.00 COST PUCDIO PROWCT PLCICWO PROOMTIQN CRNV 4aO Oa 

23.00 COST R W O R C P ( O  PRO RClNFOAClNO PRODUCTION CREW rd4.00 

24.W MSQlHTERULS 1OMREBARATSOSPERHeTÉR i.lWDO 

G2 ESTMATOR. (TM) W W l W 7  tLn: XS1:9PM 
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