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Abstract

Throughout the late 1980's and into the 1990's, the New K~hmi oF-shore
ccsnrnctclBt fishing industry suFered &am incrcnLsjng depletion in ground fi &h stocks,
This trend lcd to the closing of many traditional fishing grounds, The University of
New Hampshire has proposed an aquaculture solution involving hatcheries,
intermediate growth pens, and off shore harvesting pens for Atlantic Codfish, This
project has reseLnMf and constructed a prototype for the intermediate growth pcn
described in thc University of New Hampshire's proposal for commercializing
ayumnlture in five years. The intermediate netpen is to be located in estuaries of the
New England Seacoast

The designed intermediate netpen successfijlly meets the requirements
introduced by the ccxlfish's cannibahstic behavior, thc dynamic environment of the
Portsmouth Harbor, the limited cxpenditurcs, and thc system's need to be located in
navigatable water ways. The netpen consists of three net cohunns so the codfirh can
be sorted into size classes where cannibshsm is not common. The high currents of
the Portsmouth Harbor are avoided by selecting tbc Portsmouth Yacht Club's
sheltered cove as the netpen site. The limited expenditures have been used to
purchase low cost materials which ohen meant finding alternative means to doing the
job. Finally, the ability to use navigable waters was granted once the netpen was
made submersible. A depth of ten feet Rom thc surface will dear thc keel of most
small vessels,

The constructed intermediate netpen succetmfiIlly operated during its second
tank test. The second tank test showed that the netpen was capable of being
submerged to its required ten feet. The cage easily rotated leading to the conclusion
that the proposed method of eh~ling any fouled or damaged nets was feasible. With
the test being successful, this system proved its abiTity to fimction as a prototype for
thc intermediate netpen for the University of New Hampshire's codfish growth
experiments next year.



Introduction

Objective
The goal of this project has been to design, develop, and test an intermediate

phase netpen for raising juvenile cod from ten grams to one pound.

Justificafion
New England's fisheries are in a state of decline. Due to severe overfishing,

the groundfish populations of Georges Bank have recently collapsed posing an
enormous economic threat to the New England fishing coznmunity. The situation
is so serious that the National Marine Fisheries Service  NMFS! was forced to close
approximately 20% of Georges Ban.k to relieve some of the pressure on cod
populations. But if additional regulatory measures aren't taken soon, the rest may
be closed by next year. The situation is grim, but the race for solutions is on.

In the 1980s, Norway was faced with a similar crisis. Overfishing in the late
1970s reduced the Barents Sea codfish  Gadgets morhua! populations to dangerously
low levels. As fishing constitutes the bulk of Norway's economy, the Norwegian
government monitored the situation closely, In the early 1980s, a high degree of cod
spawning was observed, providing some glimmer of optimism, but fishing quotas
remained unregulated. By 1987, fishing pressure reached an all-time high and the
cod populations collapsed. As a result, the inshore fishery was devastated, effecting
every coastal community, Inevitably, the impact was felt by the offshore trawlers
too.

In 1988, the Norwegian office of fisheries economics instituted strict fishing
quotas, and with the cooperation of the Russian fishing industry, quotas were cut
even more severely the following year. Norway reduced its annual catch from
342,000 tons to 113,000 tons, significantly reducing the pressure on natural
populations. But these cuts had serious economic repercussions. To help reduce
fishing pressure and to assist the ailing fishing community, the government
instituted a vessel buy-back program. Over 20% of the nation's largest commercial
trawlers were purchased by the government. Some were resold to other nations.
Some, including many of the smaller coastal boats, were scrapped. The Norwegian
fishermen also received assistance from unemployment insurance, and there was
strong government encouragement to explore alternative strategies, including the
development of hatcheries and the potential for codfish aquaculture.

Coupled with strict quota limits, government subsidies, scientific research
and time, Norway has recovered from the Barents Sea crisis. Natural codfish
populations have rebounded and the fishery is doing very well. In 1994, Norway
landed over 250,000 tons of cod. Things are looking better there, but the Norwegians
are cautious; they will not allow populations to crash again.

But overfishing by other countries continues to threaten codfish populations,
Iceland's cod populations have crashed. They have instituted measures to reduce
fishing pressure, but if a species population is driven too low, it's niche may be
exploited by more opportunistic species. And if they take hold, they may exclude the
original species from ever returning. This may be the case in Iceland. Canada was
forced to entirely shut down its cod fishery off Newfoundland in 1992, However,





So the New England fishery is at the threshold of a new era, We have no
choice but to allow the natural cod populations to rebuild themselves by reducing
fishing mortality to levels as near zero as possible. We must also rebuild the
economic base for an industry in danger of extinction itself. With the world' s
growing demand for fish, aquaculture may become an integral component of the
modern fishing industry,

Codfish Biology
The Atlantic Codfish belongs to the order Gadiformes and is a close relative to

other economically important food fishes like haddock and pollack. The cod's
biology is characterized by a keen adaptability to different environmental and
feeding conditions. Such adaptability makes the cod particularly interesting for
research, and shows potential for aquaculture in New England,

The cod is distributed throughout the entire North Atlantic. Large stocks are
found along Greenland and Iceland, and down the European continent to the Bay of
Biscay. Their northern distribution is limited by the north Barents Sea. In
Norwegian waters there are two large stocks; the North Arctic and the inshore
stocks. On the North American side, cod occur down to North Carolina in four
distinct groups, the largest two being Georges Bank and the Gulf of Maine, foHowed
by the smaller stocks found in Southern New England and the Middle Atlantic area
 Bigelow 1953; Godo 1991; Serchuk and Wigley 1992!.

As may be expected from a diverse geographic distribution, cod are able to
adapt to a wide range of environmental conditions. They live in water with depths
ranging from surface to 250 fathoms and temperatures that can span from below 0 to
20 degrees Celsius. Cod can also adapt from the normal salinity �5 ppt! of the open
ocean to the near freshwater of the Baltic Sea �3ppt!  Godo 1991; Bigelow 1953!.

The cod's life can be divided into four stages: egg and larva stage, the pelagic fry
stage, the initial bottom dwelling stage, and the sexually mature stage  Godo 1991!.
Spawning may occur in March-April and eggs will develop while floating in the
upper water column. Hatching and condition of the eggs depends strongly on the
water temperature, but typically occurs in two to four weeks  Godo 1991!. The larvae
are about 4mm long at hatching and drift throughout the water column feeding from
its yolk sack  Bigelow 1953!. Upon the dissipation of the yolk sack, larvae are faced
with the challenge of finding food in the envirorunent. This transition is considered
the most critical for the cod's survival. Through the summer and fall the young cod
fry will seek the ocean floor, where their growth rate and mortality depend on food
availability. Cannibalism and predation claim a great number of fry at this time. But
as they grow in length, the likelihood of canrubalism and predation decreases, and the
few surviving fish will grow through the 2 - 10 year sexually immature stage to sexual
maturity. Once the cod reaches sexual maturity, they will spawn annually for the rest
of their lives. An average female will produce 1-5 million eggs during a multiple
spawning period lasting two months. However, about 0.1% of this number will
survive to spawn a new generation  Canadian Department of Fisheries and Oceans!.
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Figure 2. Growth of two Atlantic Cod stocks of the North American coast.
Sexual maturity on Georges Bank is reached at a length of 146 cm; sexual
maturity in the Gulf of Maine is reached at 148 cm. Source: NOAA Technical
Memorandum NMFS-F/NEC66,

As eggs and larvae, cod are involuntarily moved around by oceanic currents.
However, once they take to the bottom, cod are able to suit their seasonal needs by
undergoing migrations. The migration length varies greatly according to where the
cod lives, In general, migrations are marked by journeys between regions of
overwintering, feeding, and spawning activity. Each region is visited at a time
when envirorunental conditions are in favor of the particular activity  Godo 1991!.
The close proximity of spawning and feeding grounds in the Gulf of Maine and
Georges Bank makes for relatively short migrations  Bigelow 1953!. In contrast,
Barents sea and Norwegian cod stocks may travel hundreds of nautical miles to
reach their respective spawning grounds  Godo 1991!. The cod will feed less during
overwintering than the rest of the year due to relatively low metabolism in the
much colder water.

The cod's diet varies greatly with age, envirorunent, and season. Prey size
will generally increase with the growing fish size. Prey items range from
zooplankton to crustaceans to other fish, including their own species. Crustaceans
and mollusks are usually the most important and may include copepods,
arnphipods, sea clams, mussels, crabs, lobsters, shrimp, and squid. Cod will also





Little is known of the effects of salinity on cod. Cod have adapted to stable
low-salinity habitats like the Baltic Sea, and are observed locally entering the
mouths of estuaries. Seasonal drops in salinity which correspond with spring
runoff can drop salinities froxn 30 to 20%a in Portsmouth Harbor. But this is well
within the optima for cod. We maintained a small population of cod at the Coastal
Marine Laboratory in New Castle, NH over the winter of 94-95. Salinities dipped to
the high teens in April of 95 and didn't have any noticeable effects on the cod. Nor
did the extreme low water temperatures,

Water temperatures in Portsmouth Harbor during the winter months can
drop to 1'C. Ice, however, should not be a problem as the netpen will be submerged
when in use, and will be situated in water currents. These cold temperatures will
reduce growth to a rninimuxn, whereas, warmer water from September to April will
facilitate maximum growth rates. The cold water temperatures also decrease the
growth rate of fouling organisxns which can coxnplicate netpen operations.

Interxnediate

10an - 30cm � pound!

Hatchery

egg - 10cm �0gj

Offshore

1 pound - S pound

commercial fisherman
Hatchery

p igure 0: Timeline of 18 month codfish aquaculture program. This project focuses on the 8
onth intermediate phase. Lengths and weights indicate size of fish at entry and exit,

respectively.

Rearing Codfish Juvenxlxes
The netpen designed and constructed in this project serves as a juvenile

 interxnediate! growing unit that will link hatchery reared codfish to offshore grow-
out netpens. Codfish enter the intermediate phase in Septexnber at a length of 10cm
and an approxixnate weight of 10 grams. Fish will be xnaintained through the
winter months in these estuarine based netpens and exit to the offshore site at
approximately 30cm, or 1 pound �48 grams! weight, in the month of ApriL This
stage of growth xnay take up to 18 xnonths in wild cod stocks. However, work
performed by Braaten �984! suggests that it can be done with cultured fish in six or
seven months with regular feedings of well formulated diets  high protein, low
carbohydrates and fats!. Success in adding one pound weight per month to
juveniles during the spring and suxnmer has also been reported by ]on Moire of Sea
Farms Plantations, Newfoundland. High growth rates like these xnay be
accomplished in the Portsmouth  NH! estuarine region, but will rely heavily on the
forxnulation of a proper dry diet here in the United States, Such a diet should
consist of 40% protein content, which may be an economically limiting factor, as
food cost xnay constitute up to 40% of production costs  Huse 1991!, In addition to
diet, growth rates may be impared by water quality.



When the codfish grow through the intermediate phase of the program, it is
expected that differential growth will lead to cannibalism within the netpen, Such
cannibalism can be a major source of mortality, thus reducing the number of fish
going into the offshore phase of the program. The cannibalistic nature of codfish
was investigated by Ottera and Folkvord �993!. They found cannibalism to be most
prevalent when relative size ratios are 2:1 for fish greater than 10 grams. That is, a
fish 20cm is very likely to cannibalize a 10cm fish. By tightening this gap,
cannibalism is likely to diminish. Integrating these findings into the intermediate
netpen design, it was decided that codfish would be seperated among compartments
in the following way: �! 10cm � 15cm �! 15cm - 20cm �! 20cm - 30cm. In order to
maintain these size classes of codfish, an efficient means of sorting was also
implemented into the design of the intermediate netpen  mechanics to be discussed
later!, Codfish will, be graded out of the final compartment and transported to
offshore netpens, allowing vacancy for new fish to enter the intermediate cage from
the hatchery,

It has been shown that salmon will school and cruise around at a steady pace,
thus utilizing the whole area of the netpen. This cruising behavior has shown to
maximize growth rates of the contained salmon and is the primary reason for
circular columned netpens. Codfish do not cruise, but tend to stay relatively still or
shift slowly about in the netpens  Huse 199'1!. This behaviour allowed us to build
the compartments of the intermediate pen as a square column, thus maximizing our
volume within a square anti-predator cage, and allowing the entire system to take a
rectangular shape for mechanical reasons to be discussed later. Although density
experiments have not yet been carried out with codfish, no adverse effects have been
observed for densities higher than what is normal for salmon pens  Huse 1991!.
Such conditions may allow us to stock as much as 70-85 pounds of codfish per cubic
meter.

When codfish juveniles come from the hatchery in a healthy state and
weaned onto a dry feed, mortalities usually occur from handling accidents,
cannibalism, and disease. Various diseases are a major factor in restricting large
scale production of cod fry. From 1989-1990, about 30-35% of total marine fish fry
 cod, turbot, halibut! produced, died as a result of infectious disease. Captive codfish
are very susceptible to viruses, bacteria, fungi, and several parasitic invertebres
 Rodseth 1991!. Although the sources of disease are many, very few treatments are
liscensed to fight them  in the US!, and the aquaculturists is often restricted to one
drug or vaccine to fight a large variety of antagonists. Effective control of infectious
disease can only be obtained through close cooperation between research,
adrnirustration, and the industry. In addition to feeding, sorting, stocking, and
harvesting of codfish within the intermediate netpen, the fish farmer must also
acquire knowledge of the diseases he/she can expect to be a problem and implement
an organized health monitoring entity for the system.

Although the techniques and research of codfish aquaculture are still in their
infancy in the United States, the federal government has taken it's first steps toward
success by realizing the current state of Georges Bank fisheries and the problematic
future of the Gulf of Maine stocks, They have looked to university research, as well
as, small business to demonstrate the feasibility of aquaculture in New England. We



have learned much about codfish aquaculture from the Norwegians, however, the
environmental, topographical, and political differences between our countries may
only allow us to use a small portion of this knowledge. Instead, success in the U.S.
will come from the development of an aquaculture program that is customized to
the resources that a region  ie. New England! has to offer, Further knowledge must
be gained in the areas of optimal current tolerance, stocking densities, feed
nutrition, and disease control within the United States in order to demonstrate the
feasibility of large-scale codfish aquaculture development. In addition to these
factors, coastal states must find a compromise between the interests of inshore
fishermen who rely on these waters for sustained fisheries  ie. lobster!, and
aquaculture ventures which may use inshore waters for intermediate "nursery"
netpens,

Recommended biolological criteria for juvenile codfish netpen.

~ Due to the presence of seals in the Portsmouth harbor during the winter
months, the netpen should provide protection from such aggresive predators.

Since vegetative activity is minimal during the winter months, fouling of
biomass on the nets will be negligable from September to May.
~ The cannibalistic nature of codfish makes it necessary to develop an efficent
sorting mechanism to seperate fish into the following size classes:

1! 10cm - 15crn
2! 15cm - 20cm
3! 20cm - 30cm

~ Fish will enter into the netpen at 10cm �0g! and exit to offshore
netpens at 30cm �lbs.!.

Densities of 70 � 85 lbs. per cubic meter may be acheived for this netpen.
~ The behaviour of codfish in netpens allows us to utilize squared
columns to maximize volume within the rectangular frame.
~ Chemical parameters like temperature, salinity, and oxygen are
within codfish tolerance levels in sites in close proximity to the open
ocean/estuary inter face.





17' fgnctions of the negcn:
strict requiremerrts pjaced on the netpen, three functional concepts of the

netpen were developed and weighted in the design matrix. These systems aHowed
for the removal of biofouling, sorting mechanisms, and net changability. The team
considered three concepts.

1. Spherical netpen
2. Cylindrical netpen
3. Rectangular netpen

Selection Phocers
Of the three concepts, the most practical solution had to be chosen. Through the use of a

criteria-weighted design mar& , the most practical solution emerged Below is a brief explanation
of how the designs' functionalities compare to the requirements of the criteria, and foHowing is the
design matrix,  Table 1,!

Qherical netpen:
One benefit of this system was its method of
removing biofouling. By being held partially out of
the water, sunlight could dry and kiH any
accumulating biofouling. The spherical shape
allowed it to be rotated so the complete surfis~
could be cleaned of fouling via sunlight. This system
had the capability to use rigid predator nets. P~ 5-
However, the dif5culties outweighed the benefits.
The nets could not be changed without use of divers,
sorting would have to be handled nuLnuaHy,
construction of a large rigid sphere would be difKcult, and the codfish's natural
ground Ssh behavior would result in high densities in the small volume of the sphere
bottom. This netpen also did not aHow for multiple compartments in which the Ssh
could be sorted. These diKculties and hck of Smctionality led to the disqualification
of the spherical netpen.

Cylimbr cal neaten:
Similar to the spherical netpen, this system could not
only utiTize sunlight for the cleaning of the biofouling,
but also aHow for rigid predator nets. Unlike the
spherify nerpen, this system made it possible to change
nets without tbe use of divers. The structure also
aHowed for tbe 'unplemerrtation of a grader sorting
mechanism and multiple compartments in which tbe fish
could be sorted. Uakrtunatdy, the natural behavior of
the ground Ssh would resujt in high densities in the
smaH volume of the aj4nders bottom side. These Smctionalities made this system
a strong posstbiTity.



ggcggnggkF' Nttp8TI:
With the use of removable rectangular net columns
within a rectangular &arne, this system overed net
ch~jng abilities without the need for divers. This
resulted in removing biofouling by means of simply
changing nets. The rectangular netpen also aHowed Figure 7:
for rigid predator nets and the implementation of
sorting graders. This system easily avowed for
multiple compartments and easy sorting within
them. FinaBy, the ground Gsh behavior of cod would not be affected by the
noncccrvergent bottom of the rectangular net column. With this netpen meeting aH
of the necessary design requirements, it was selected as the most practical solution,

Discessfars of Fkurl Sdecfiow:
With the rectangular design being the best netgcn, it was adapted to St with the submersible
platform. Figures for this system can be seen in Appendix A. The system has been broiren down
into its four most basic components and disused.

-12-



Platform:
sions of thc platform can bc seen in Appendix A: Top View of Plarfonn, and

a detailed figure of the corner plate can be seea in Appendix A: Top View of S&el
Plate. The function assigned to the platform consisted of two main fiictors. Onc
being its ability to allow access to the nctpca, hence the fish. Refer to Appendix A:
Platform / Cage orientation for the a dimensions of the platform and a visual
representation of this setup. To f'ulfill this criteria, the platform was designed to
surround the perimeter of thc rectangular pen. The clearance between the platform
and the netpen aUowed for the pen's rotational ability. Also, by surrounding the
nctpea, more stability was created, The outside of the phitform would be 16' x 10'.
Thc second ciibaia, was the platforms ability to submerge. This is discussed below
in the Ballast System Section.

¹rJpen:
With the netpen obviously serving its main functionality of holding the fish, the strict
criteria of net changability and implcrnentation of a sorting mechanism bad to be
applied. The dimensions of the netpen can be seen in Appendix A: Cage Frame. To
allow for this, the netpen was design to rotate. V-supports were added to each end
of thc platform and the netpen rotated about a fix pin Rom each V-support. An
exploded view of this system can be seen in Appendix A: Platform, Gyp', and Cage
Sq~~. The netpen rotated on the cross joint added to each end of thc cage &sac.
This rotation allowed for the user to easily attach a new act column oa top of thc
current nct cobimn, rotate the cage 180 degrees, aad pulhag the old net column out,
hence replacing it with the new. This technique could also be used in puHing a
grader through the net column resulting in easy sorting. The cage kame would be 12'
x 4' x 4', with three equally sized compartments. �' x 4' x 4'!

Ballast System:
Thc ballast system had to allow thc user to raise and lower the cage at will, while
also ofFering a stable platform on which the user could walk. A variable ballast
system met this need. Ten uniformly spaced compartments were designed into this
system. Tbc layout of these Mast tanks can be seen in Appeadix A: P/atform  Lorg
Side!, Ba8asr, Legs and Platform @bort Side!, Ball'art, Legs. Access ~ made
this system capable of safely holding two people. The last concern with this system
wss the ability to control the air supply to as many compartments as possible. Tbc
chosen design aHowed for control over each of the four sides. This allowed for
maneuverability during raising and lowering of the system. In raising and lmvering
thc cage, the air would be supplied to the ballast system fiom the operator's vessel
via four supply lines rua &am the phtform to one of the mooring balb. Finally, a
manifold would control thc air fiow to the Rut hnes, hence thc four sides. A
compressed air supply would be aisahxl to perform this task.

-13-



Mooring System:
Due to the non-spacious location of the Portsmouth Yacht Club, a four point
mooring system was chosen in order to reduce the systems abiTity to transverse large
distan~ during each current change. A four point mooring system also allo~ed for
added safety in these heavily traveled waters.

Material Sekction
With the design chosen, the codfish team determined the best construction materials.

Material selection greatly depended on cost and ability to perform task. Each of the four major
components to the system was analyzed.

Platform:
With the platform circum&encing the netpcn, a large amount of material was needed.
The team considered aluniinum, steel, snd wood.

Due to high cost, aluminum was immediately eliminated. Steel's high strength was
needed, but its high density lead to its dis6ivor. With wood's low strength, it could
not be used alone. It was decided that the platforin would be construe~ of a
combination between wood and steel. The planks of the platform would be
constructed of wood, while the ccaticsa would be reenforced with steel plates. Each
corner / joint would be constructed in an interlocking manner,

%ith this, 1" x 8" spruce tuniber was chosen as the wood, and 1/4" x 18" x
36" was chosen for the steel plates. Quing the spruce lumber and running planks
side by side produced a side's thickness of 2" and a width of 18 .

Xetpen:
With a length of 12' and a cross section of 4' x 4', the netl'.en &arne needed to be
constructed of low density material. Steel's high density lead to discouragement as
the bulk miiteriaL PVC pipes �" IPS! were chosen for its light weight and Mr
rigidity. Steel joints were chosen to hold tbe netpen together.

In addition to the netpen fame, there existed the net cohmns. The &enes
and doors of these structures were construcbxf PVC pipes and joints. �.5" IPS!
Due to tbe size variations of fish that would be in each compartment, different mesh
sizes were required. 1/4" 1/2" and 3/4" were chosen as mesh sizes.



Ballast System:
Once again the main concern of the materials chosen for the baHast system was cost.
inexpensive, High Density Polyethylene  HDPE! 30-gaHon AkW Root Beer barrels
served as the variable ballast tanks, while 2" x 10" lumber served as the baHast
supports. The air supply for these tanks came &om inexpensive 200 psi hydraulic
hoses. Finally, the manifold system was constructed of brass, The tanks were fitted
with brass 3/4" - 1/2" bushings, and 1/2" nylon barbs.

Mooring System:
With the four point mooring system being used in a location with relatively low
currents, 200 lb mushroom anchors flt the mooring needs. Ten foot long 1/2"
galvanized chain attached to anchor's lead allowed for the mushroom anchors to rest
properly. This chain also acted as a damper to the system, 5/8" nylon rope fit the
needs of the tnooring lines which were designed at a scope of 3, and 27" diameter
Taylor Series baHs satisfied the needs of the mooring balls.

Zxperii~its us Mitirrc Strviroanmet
With the material selected, two variables needed to be deterriuned before a thorough

anah/sis could be performed. The two variables were the change in weight due to the wood's ability
to absorb water, and the maximum currerrt that would be experienced at the sight. Also as a check,
the sight's salinity and tempeniture ranges were found. These were done in two eirperiments, A
summary of both these experuniwts can be found in Appendix B.

The first experin>ent @~mined the amount of water that would be absorbed by the wood
in the platform. This experiment was done by submerging two dry pieces of spruce lumber twenty
feet under wahoo. This himber was aHowed to soak for 12 days. After these twelve days the wood
was weighed and it was compared to the previously measured dry weight.

The second expcrirtient determined the peak current, salinity, and temperature at the chosen
netpen sight, The salinity and temperature allowed the biologist and zoologist to determine if the
cod could live in these conditions. The current was used to calculate the maximum drag to which
the system would be exposed. An Endow current meter was deployed at the Portsmouth Yacht Club
on the morning of March 13, 1995 and retrieved on the aiorning of March 14, 1995.

Aisalysis of FReul Sdecdors
The first step in analyzing the final ~on was to destine the weight of each system

ccenpoamt. These weighs were apphed to the buoyancy arMihysis to determine what capacity would
be needed for the balhst sletcsn. Next, drag forces were found in both an oceanic environment and
an estuarian environment. The results &om the Eadeco Current meter were used. These results
were applied to the ange on the ~ to see if it was capable of enduring such an environment.
eben, an a~vis on the system during the Bhng was done to assure safety. Finally, the needed size
for a mooring baH was debermined. This analysis is clearly outhned in Appendix C.
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Constrnctkpn of Final Selection
With the material selected and the analysis completed, the construction phase began,

Material ordering began in week 1, allowing for construction to begin at the end of week l. An
intense 6 week schedule was proposed and met. Construction began with the platform, then the
Mast system and netpen. PinaHy the mooring system was constructed. The total number of hours
constructing this project by all the students was approxnnately 750.

Testing end Modifying Constnccted System
The abiTity of the constructed qrstem to ful81 the designed requiannents of stability, cage

rotation, and submersibiTity was tested in the UNH Ocean Engineering facility. A 2 ton winch lifled
the system into the 60' x 40' x 20' tank, where an air compressor supplied air to the ballast system.
These tests aUowed the team to develop the system into a much safer and properly functioning
system through subsequent design modifications.

Tab

Tab

Force and Skier Anatjme
Table 5: Ceqpment JVeights
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determined safety factors for chosen materials nader critical loads

Note: The pin was a piece of scop pipe, it was not chosen to have FS of 31.2.

Tenor ojs Compacted Syst4Ne
Tab& 'A
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Discttssioa of ResIIlts
&perinre»rsi» Marim S»virennamt

The 70/I ~ increase &om dry to wet lumber found in the 1" x 8" piece and the 644/o
weight increase found in the 2" x 10" lumber was considered to be significant. The high value of
704/I was used in the system analysis.

The small current of 1.06 knots found by agley Gace on March 14, 1995 was also
considered in the system analysis. A safety vahe of 2 knots was used when calculating drag forces.
The bnnpersture t3nge of 37.5 F to 36,5 F was acceptable. And the salinity range &em 29 PPT to
22 PPT was within the acceptable limits of the codfish,

Force cad Stress Amrlysis
The system's dry weight of 1 ton was considered high. It was hoped that this could be

reduced, but due to the buoyant effects of wood and the need for a stable system while suspended
under water, the 750 lbf apparent weight under water was desired. Removal of weight Rom the
platform would weaken the structure and create more cMKculties in lowering the cage. With the
system's wet weight being 2500 lbf and the maxitnum ballast liR also being 2500 lM', some
dif&~es arose in raising the s!~ A proposed solution to tbe ~ system is disctuned in the
Recommendations.

The drag ibrce of 360 lbf estitnated for the estuaty gave much confidence to the system's
abiiity to endure the environnMnt of the Portsmcatth Harbor, This was shown in the range of safety
ILctors Som 1.1 to 31.2 for the material selection. Also, these safety actors are based on a drag
force calculated &om 2 kneS currents not the actual 1.06 knot current; even more safety.

The other concern of being able to successf45y Qt the cage was reheved with the
calculated safety &aors on both the phttkmn and cage ranging &om 2.0 to 9.0. Also the 1,5 safety
actor for the 4 mooting balls was ~ed.
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Tank &st
re first tank test showed that our system was stable and capable of rotating the net pen.

This stability meant that two people could safely stand on the platform, and the ability to rotate
gave feasibiTity to the option of changing riets without divers and sorting

Unfortururte}y the system was not capable of being submerged. There were two reasons
for thia One being that the system was not heavy enough for the water it displaced. The second
reason being that the removal of air Rom the baHast caused the metru~ntrrc height to become
negative With this fiulure, one modification was done, 500 lbf, in the form of steel, was added
undernrmth the structure. This sted gave the platform legs and feet. This resulted in lowering the
center of gravity, hence producing a positive inetruxeitric height when the ballast were drained.
This also incNnrse the weight of the system so it could be submerged, The second tank test proved
that the modification was a success.

Exp'»ditirrer
The cost ofbuilding this system and preparing the site totaled just over $5000. The ballast

system cost about $700, while the netpen totaled just over $850. The mooring system came to
$1350 and the platform cost about $1500. Ittetpensive barrels were used for the baHaa system,
and cheap wood was used for the planks of the platform, %tth the material cost being kept to a
rnininrum, alterjaa&e design considers&~ wiH be needed to bring the costs down to an acceptable
leveL This is discu.ued in the Recommendations

Recommmdatiorts
Matassal Seketio»

6'~f6

in this section.
Pkuforr»:
Due to the weakness found in the spruce hmber, two recommendations are ofFered.
Either select a hard wood such as oak, or reinforce the sides of the platform with
~hmnml or angle iron. Steel isructural qualities hr out weight its relative cost and
added weight.

Xetpen:
Two alternative sohitions to constructing the netpen are given. One, a much less
eqenshe material, than steel is recomrsxrded Sr the joints. The steel joints totaled
almost half of the aetna total cqrense. An inerq,ensnte aluminum or a reinforced
PVC joint is recommended. Two, avoiding pipe joints aH together, could be
avoided by constructing the netpen @me out of steel. The pieces of steel could
easily be welded; hence no joints would need to be purcirased.

Ballast System:
The HDPE barrels are highly reconnnended for their low cost. If a larger system
is being constructed it is recomiiended to either increase the number ofbarTels or
change &om,30 gaHon barreLs to 60 gaHon. barrels. One problem with the HDPE,
is that it is not capable of being used for fixed baHast. It wiH coHapse under water.
A more solid foam-fiHed rrurterial is recommended for fixed ballast.
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Mooring System:
The m~ of the 200 lb f ~o m ~
Portsmouth Yacht Club lead t th g Mo the grand &Horn at

JQ of IQ, al aniseed ~ ~on. Also the 5/8 n! on ropeir recotntnen

deployed at the sight, these
ls fecorntnt

y ~ on speculation
Mod. Since the system was not

Systelt Design
Recommnedations concerning the desig pf ~h~ system were made in this section.

Platform:
The design of the platfornt is record ~~
me made. A form of fix ~ needs to be added to th pl tfprm. It needs tp

beneath and a hght wtnght wood ~ .
make a more stable system, hence rnpfe safety fpr th ~ ~

¹tpert:
The current netpen is nxommerhfed. The rotational feature is conaidered to be the
unique quality that makes this cage exceptionally kiendly for the user.

Ballast System:
The current control over the sides of the platform is not recommended. It is
recommended that Mast control be done about the corners of the platform. More
control can be obtained by controlling more compartments 1 barrels, If feasible, it
would be recommended that control to each cornpartntent be sought. Also a way
of adding fixed buoyancy to counteract the increase in weighted caused by the
~ wood. It is recomtMnded that this added buoyancy be uniformly distributed
around the platform, and that its buoyancy equal the increase in wood weight.

Mooring System:
To reduce expense, it is reoxnatended that a four point mooring system not be
used. A two point mooring system could reduoe the disphcanmt of the cage
during tide ghif}g, almost as effectively as a fpttr point tnooring system It is a4o
recomn meed that one of these ttNo moorings be fixed hence a currently placed
mooring block exceeding a half ton be used as the anchor.

-20-



Nomeadatore
Ttus section pertauN to the variables used m the analysis o f Appnedix

Engl,lsh

Greek:

hW

P

-21-

A b
c

C d,D
F FS

I k 1,L
M n,N
OD

R T
u

V

W

W

Z

Area

base or width
ce from neutral axis to outer surface

Coef5cent

Diameter

Force

Factor of Safety
Height
Second moment of Inertia
Wave number

Lenllth
Moment
Dimensionless quantity
Outer Diameter

Radius
Thickness
Tune

fluid velocity or current
Volume
Width, distributed load, or specific weight,
Weight out of water
Deflection

Distance

Displaconent
Weight in water, weight- displamnat  N- I!
Weight density
Angular frequency or normal stress
Shear Stress
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Appeatfix A: Dra~gs of Fiaal Sys fern

List of Figures:

1. Top View of Platform

2. Top View of Steel Plates

3. Platform / Cage Orientation

4. Cage Frame

5. Platform, Cage, and Cage Supports

6. Platform  Long Side!, Ballast, Legs

7. Platform  Short Side!, Ballast, Legs

-23-



6 0
4J
Cd

-24-



Ql

hO

Cl

Ql
4J

0

-25-

CI

LJ

o

LJ

!

Z

C3

LLJ
Ek

z CL

v"i

! Z:



-26-



-27-



-28-



-29-



-30-



Appettdir 8: Kxperimeatal Findings.

1. Determination of weight increase in wet wood,

2, Current, Salinity, and Temperature of netpen site,
These measuremmts were done at a depth of 2-3 meters Rom March 13, 199S, 8:30 am to
March 14, 1995, 11:00 am. The Endeco current meter was deployed by Laagley Gace.

Three plots show this data. They can be seen on the next three pages.
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Appendix C: Force and Stress Analysis

Introduction:
This section develops aH needed forces which were necessary to estimate the critical

stresses on the members of the system. The forces consisted of static weights, buoyant
forces, and drag forces. The critical members were modeled as simple members, and their
yield strengths were compared to the estimated stresses to varify the chosen safety factors.

Contents: A. On Properties of Salt Water at 45 F
B. On Fish Cage System

s:

A. Weight Calculations:
1. For each material
2. For the difFerent sections of the system

B. Buoyancy Calculations:
1, For the dBerent sections of the system
2. For the ballast system

C. Drag Force Anaylsis:
l. In the estuary

III ress ritical L ad Anal s
A. PVC Frame

1, Suspended in water
2, Supported while being lifted out of the water
3, Resistant to the drag force

B. Platform
1. The long side
2. The short side

C. V-Support
1. The bolt group
2. The base weld
3. The pin joint

D. Mooring System
1. Mooring BaHs
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I. General Information:

A. General Information on Pro erties of Salt water at 45 F:
p. 289, Appendir

< wat � '9'~

ti

wfdthc age Ntldth pi@

aide View:

hefghtca e

Cage:

These valaes were tahen fmm Gillrner and Johnson's l ction to V
A: Table of Fresh- and Saltwater Properties

.g ftKinematio Viscosity: v wat '= 1.5748 10

B. General Information on Fish Ca e S stem:
This section shows a simple system sketch and gives ils dimesions.

Length cage

Length pi<

length ht = 16 ft

width pht .= 10-ft
height ~t '= 3.5-ff

length age = 12-ft
width = 4- ft

height ~ -= 4 ft



K Fpree Allal SiS:

used in deterru ' wei ts:
Weight = Volume ' Density or Weight = Length ' Linear Density

l. Wei ht calculations for each material:
The weight and volume for all of the cage components, then all of the pfatfortn cotn~ were calculated as follows.

PV: I.P.S. 2.0" Schedtrle l20:
Properties taken from; "Physicrri Prope'rri es of Hmvel Rigid PVC and CPVC Pipe, Design
Properties of Pipr", p 2S, PK'Sch 80, 2 I PS.

lbf
w '=,932�

ft
PVC's distributed weight per unit legth.

A ~ '= L477 inPlastic area.

Flow area.
A tl = 2.953-in

L:= 150 ft

Calculated we i t PVC.

W =139.g lbfW =L w~

Calcuhtted volume of PVC i lastic.

V p~ 1.5 'ltV:=A -L

Calculated fhnr vohuue of tbe VC i

Va = A tl~Lp

alen lad woi t of floor tor

Vg =3.1 ft3

wtl~ ~u ~192 lbfWtl~ wat Va~ swat

A. Wei ht Ca!CutatlollS:
hr this analysis the volumes and weights of all the materials used in construcuon of the cage were calculated. Densities
used were weight densities.



rural Sli i Fi itin s
Dncripii on and weight ~ taken porn <aiaiog
 rNanufactarcr plblicalion! pp. 4-6

No. 21: 90 degree S1DE OUIIEI' TEE: N 21 9

9-- 8

N4Q 9

a lated we te for eachklnd of ola

W21 9 =N21 9w21 9

W40 9 ~9 lbf

Calculated total wel t:

W orat 72'6 lbfWjpintaW21 9 9'W15 9 0W4Q9

Lumber:

Calculated volume of lumber: Volume =  thidmess! x  width! x  total length!

V walk way   2 1 ' in!'   16' in! I 2'  length lat 3' R! + i vvidth >t j V ~ 1Q.2-11

V =5 It

V~b
3

V lumber V wallt way + V aro V
V l~b 16,6.83

PI~ d '= .410 � g ~hby ca Jones: ri
p 52' +cafrlc 5.1; Common Woocb,

-39-

No. 15: 90 dcgrcc ELBOW.

No, 40: FOUR SOCKET CROSS:

15 9 =N15 9w15

W4p 9 N4Q 9'W 40 9

V .= 20- � in! �2 in! �8-in!!

V b = 3 �-in!-� in!- 8-ft!

9 ~ 42.4 .lbf
21 9

9 �� 21,2 ~ lbf

w 21 9 = 2.65-lbf

w 15 9 = 2.65'lbf

w4p 9 =4,5plbf



Cal lat d wei tof d wood,

Wl~b d 4134'lbfWlumber dry Plumber dry lumber

Kstimated density for wet lumber.

o From experimental data. See
Appendix B,

p lumber wet = 1'7' p lumber dr3

a eulated wei t of wet lumber.

W iumb wet = 702 g 'bflumber wet p lumber wet' lumber

Steel beatns latea tin le iron and bolts:

Calculated vohrme of steel hates:
Volume =  thickness! x  width! x  length!

3 . 3
V,~i hm =  .2 m! �. ft! �2ft!

a lated volume 3" s b a u d on V-su rb

Volume ~  thickness! x  perimeter! x  length!

box beam vsupport '=   2

Calculated volume of 4" boz beam used as the s:

- 3V box b ~~ ='24'm

Volume =  thickness! x  pemneter! x  length!

V l 4 1 =768 jn3V box 4 l~  .25 m!   16-m!-�6-ft!

Cakulated volume of an iron:
Volume ~  thickness! x  perimeter! x  length!

. 3V~e ~Cakuiated we' t of I beam eostnee

lhf

lt
Weight per linear foot

Chosen length;
Frere
QKt~rsi vr Ist Zditrorr,
p.1-3d; W6xJS,

LI b = 20-5

Wrz

V ~pe ~ = �-2 in!- ,125 in!-�0 ft! + �-1.5 in!  .25-in! �0 lt!



~sl of steel:

steel~latcs box. beam vsupport
P steel

V ~ =26.8 3

Caleu1atcdwel tof steel lceesr

stecl~lates = P steel' steel~tates W t I h,n =486.9.lbf

box beam vsupport p steel'+ box beam vscpport Wbox b

Wbox beam leg =216.4 lbf

angle iron Pstccl angle iron W g =1S2.2 lbf

Wl beam w I bcasn' I beam WI b =300 lbf

Estimattou of Bolt Wc' t:

W bolts -= 20 lbf

C leulatcd we t of ai steel used

W steel = Wsteel~iates+ Wbox beam vsupport i W box beam lcg e Wbol
+W~ +WI ~

W ~ ~1.3 10 lbf3

pt 1- 781o � g3 kg
s

rn

box beam leg P steel box beam leg

FrOm AShby k JOneS: ~~b'nebarlni
gate tale I p. TT; Table 5. I: Ta
Alloy Steels.



The ~trtyA, of drums and the wieght and volume of each is givers b lo

alculated volu e of a I the

V =4o' llV drums =N

alculat vrel t all d

W~ =150 lbfWd =Nd Wd

2. Wei bt calculations for different sections of the s stern:
The total weight of the cage, and platform system was calculated.

Total wei ht of the ca e:

w to

cage dry pvc joints W d =212 lbf

water fora si tca I t o t'

W mgc wct 404 ~ lbf

Total wei ht of latformt

o t

W~~ d ~ 1.7-10 lbfW~~ d =Wl

otal to

W~ 210W platform wct '= Whunber wct ' W steel

-42-

Hi h Dettsi Po! eth lett QpE dmttt:

The quantity chosen.

Estimated weight.

The given volume: 30-gallon drums:

cage wet pvc lomts flow water

W -= 15 lbf

~ ~ .-= 30 gal



Totttl wei ht of corn lete stem oth d artd vret conditions:

T ts! i t of th stem bef oin t the wat

W stem dry W pve ' joints lumber dry W steel + drums

W ~d =210 ~ lbf

systetn wet pve + flow water joints luxnber wet ".
Wst 1 Wd

W ~ ~~2.5 10 lbf

B. Buo anc Calculations:
B~ for thc thc complete system and it's ~, including tbe ballasts was detcrmitsxL

grant wcl t of corn tete stem

The weight of thc system in the water and the total volume of the complete system before esttcring the water.

Vd =20.7 R
3

dry pvc + lumber + steel

hW d ~753.5 Sf~W~ ~-=W~st ~-p~s Vey

Apparent weight of thc complete system afar being in the water for a signi6cant amoutu of time,
as~ the wood has become saturated �0K increee by weight!, the PVC pipes have flied with water,

-43-

Total wci t o e t aft bein in the water f a ' ' ca t

1.Dis lacementcttlcttlations for the s tern cpm onents

wet pvo + hunber + steel + 1' drums

~ -= Wsystem ~- p~m V~

V~ =24,7 tt

hW ct 984.5 lbf



Weight of the cage in water with the PVC pipes filled with water.

DW = 116 4 ~ lbfcage = cage dry P water' pvc

The excess buoyancy obtained &om the ten 30 gallon drums was considered.

Fiift d = pwat 'Va

F hft ~ =250.3 lbf

Excess buo when the system is raised to the surface:
This assumes that 50% of the lumber is submerged below the surface,

F excess =excess lift drums system wet

Number of people on the platform: N ~le

W = 200-lbf

Total weight of people:

W~ = N~l -%' W~i ~400 lbf

Calculated excess buoyancy with people on the platform:

F~~ ~th~ie =F~- W~

F ~ with~ ~%20.9.lbf

-44-

2, Btto arse anal sis for the ballast s stem:

F lift drums
hft~ dnnn

drums

Consideration of the le on the fatfortn'

F hft ~ =2.5 10 ~ lbf
3



C. Dra Force Anal sis: tbe system in the estuary at the
The purpose of this analysis was to dcternune the drag forces th wo
Porsmouth Yacht Club.

l. Dra f rce anal is in the tta
This analysis estunstes the drag forces on the cage as though it was > t ed

e f loe d a

Side View: Frant View {" brick wail"j

Domani of ara eters.

a
knot:= 1.7-�

u = 2.0 knot

A 1 ~16 as

Caieuhttton of Dra orv.esr

FS =20Using a safety factor:

Drag Force on Complete System. pwater 2
F estuary drnlcsyst = � -FS CTA u

2 g

F estuary drnIL~ 449 ~ lbf

I'water 2
F estuary drawee = � FS C TA 1 u

2 g

estuary drrttL =359 lbf

'Due to the ttrernenely high wave forces of the open ocean, the cage wiH be plaood ~
be tbe worst case ftueea determines hn

this 'Drag Ioree analysis in the estuanes'.
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Unit Definition:

Worst case current for the Piscataqua River

Estimated for a fully blocked troat shield

Dimension of cage.

Facial area of cage,

Estimation of total area considering the platform,

CT =10

L =45

Al L

A 20-It



III. Stress Aaal sis:
This section analysis the stress on the four major systan components: the PVC cage kame, thc platform, thc cage
V-support, and thc mooring system.

A. Stress Anal sis of the PVC Frame:
Three cases were analyzed, One being the cage &ee floating in thc water, and the second being the crane lilt out of the
water, and the third being the cage placed in a high drag environmcnt-

1. tress Irtal sis of the PVC frame stts ended ifi etratet"-
The total weight in the water which wae calculated in Weight calculations for the diferent sections of the systan will bc
used to estirnatc thc static loading felt by thc cage kame. This weight considers thc joints, pVC plastic and Qow volume
Bled with water.

Mathemaheal model;

Assuming four �2 ft! PVC pipes will support the entire weight of the wet trame.

ctual load of ca while in the water.

Model

ssos<4+++ +44--o C89C

Cress section of i 218"

OD:= 2.375 in

L.= 12-ft
Properties taken freer P i al ro rrie I i id

. 4 ~.'~~it p. 25; Trsbie: Design Properfies of Pipes, PPC
Sch 80, 2'I.P.S

I 4~ = 4 I ~ Four pipes bearing tbe load.
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D'stributed lead dlse to ea e's wei t:

cage wet cage wet p water pvc-V

Ibf
w = -25.7 ~-Gsge

M~=462.6 It Ibf

OD
Distance fro center to outer ed e. c =�

2

M c

IIlaX
4pvc

lbf
o =-1.9 10 ~-InaX

In

o YS = 7450 psi

3
cr YS =7.5 10 psI

+YS
FS =

o Inax

FS =3.9

E .= 420-10 -psi

Maxtmum bend 1n moment:

Masimum bendm Stresal

Tenstto stren of PVCI

2
w I.

8

4
cage ~

384-E - I 4pvc

-dW cage wet
cage

grinin~eerin ~. p, 10-9; Table 10.2i
Somber 5; Support Beam.

From Potter' s
~it ~irtee~rin . p. 10-6; Equatton 10.3.1.
 negative was taken to show tension J

From P sical Pro rtie o arvel Ri id

f
publicati on!

Fmm ri o l ii

f
publication!

From Zttlgley's r hani ineerin
~s' - p. 738, Table A-9, ¹ 7.



2. Stress anal sis of PVC frame sts orted while cits lifted out of the water:

Cross section Vedel:

%218

-+ cage

Len of su o ed ection: L:=4k

Distributed load due to ca es wei

IHax mum bendin moment:

M = 202.2 ft ~ ibf

OD
ed c=�

2
istance from center

-48-

This wiU be modeled as a pinnml beam.

Actual force distrib on on ca

cage wct
cage

lbf
w = 10L 1�cage

2w 'L
M~ '=

8
@t~inren'rrn; p. 10-9; Table 10.2;
/abater 5; Support Beatn,



b d tres

Ibf
a = 829.9.�max

m

Tensile stren of PVC: rrie o arvellti id
 manlfacrorer

a YS '= 7450 psi

FS =9

E ~ = 420-10 psiYoun 's Modulus.

4
cage' From Shigky's Mechanical in erin

384-E f ~Desi .p 738, TabkA-9. ¹ 7.pvc' 4pvc
Maximum defteetion:

y~ =0.4.in

3. Stress anal sis of PVC frame resistant to the dra force.
This will be analyzed as Gxed cantilever beam

Dra see on Ca Frame:

Side View:

Row

front View @brick wall" !:
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M~c
omax =

<4pm

nYS
FS =

a nMLx

&~In e~rin p. N4i Eqvarion l0.3.l.
 negative was rcdrcn ro shaw tension!

From P i

publicaiian!

Frone ical ni l ii

pre bli cation!



ad el

Distributed
Drag Force

D imens iont L =4R

estuary dtag cage
W

L

Distributed toad:

M~ =120 1bf R

c =1.2.in

M c,
omax '=

'4p~

cr =491 psi

FS ~15,2

l4faxitnnm moment:

Distance from neutral a

Maximum bendm sttosst

TensHe s for V

ibf
w =90 ~-

ft

L
M =w�

12

OD
C

2

TS PVC

o max

Frol¹ SlllgEFp"s c onlcigl l¹ecT 
~i p. 742, Table A-9, ¹ lb.

From ical P rtie o gruel' id



8. Stress Anal sis of the Platform:

The Platform will be su~ during lift as shown.

Actual load durin litt:

Platform cross section:

I -= 2.
bh

1 = 10.7 ~ in
12

h:= 2 inb.= 8 in

h
c.=�

2
c=l m

The weight of the cage and steel is directly supported by the ~ Therefore,
the load on the lumber wiH be due only to the weight of wet lumber, the ballast drums, and bio-fouling.

load lumber wet drums ' angle iron

drstrrbuted
plat

Distributed Load:

Ibf

ana secNen: L .=
3

L~5.3 k

l. Stress anal sis ofthe ion si eof latform:
g a saturated wooden platform with attached cage out of the water was assumed to be the worst case. BaUast

drums were assumed empty of water, while the PVC cage frame was assumed to be filled with water. As bio-fouling
of the lumber could be dificult to remove, 150 lbs of bio-fouling was considered-



M=223.3 lbf R

cr =251.2 psi

Table 11-6; Sprrcce - CommerciaL

FS =2.4

L = 3.5-Romens arm te VNtructurer

box beam vsupport+ cage dry
Maxi u beud' o eut M = � L

4

M = 265.7.1bf R

a~ 299 psi

-52�

2
w distributed' L

Maximum beudin moment: M =

Mc
xlmum beudur s sr o max

Maxlmumbendiu stress cr ~ '= 600 psi
aeal ls mof lumber.

o max bend
FS '=

o max

2. Stress aats1 sis of the short side of 1atform:

Ihe short side of the platform was modeled as shown:

M~-c
u max '=

I

,f~nine~erin p. 10-9; Table 10.2;
Vubmer dr Support Beam.

~sr r'n ~erin p. 10-6; Equation 10,3, 1,
 negative was taken to show tension!

gggjttgfrlng; p. 10-d; Equation 10.3.1.
 negative was taken to show tension!



~max bend
FS =

+ max
Saf ta factor:

C. Stress Anal sis of V-Su ort:
This section calculates the stress on the V-support's bolt group, base weld, and pin joint.

To view of iatform:

Side Viesr Of V Su rt:yes ti tlon of one bolt

Pa@co

WIigS or V tugyod+ Weig+ af %Tet Cage

-53-

l. Stress anal sis of the V-stt ort bolt ron .
The 3/8 inch bolts which connect the 'V'-structure to the platform were analyzed for shear and tensile stress Using
the endurance limit of the bolt, the safety factor was determined.



g the ~thodolggy descnbed by Sh!gley, "kA'd!omcoi &rgmeer ng Desrgrt, pp355-3 ~0, the normal and
shear stresses were determined sunned vectorially, then used to fmd the nutximum stress in the bolt.

F drag = 500 Ibf~ra r force:

3
d =-m

8

F drag
F

4
The drag ts res>sted by 2 V supports, hence 4 bolt groups.

F
Fbolt = 4 There are 4 bolts in each bolt group.

Seconds Shear Load:

Motnent acting on one of the bolt groups:
L = 1.5 6

MR =LF

This is the ~t reaction about the centroid of th
bolt group. The bolt load lrom this moment is greates
at the bolts located the farthest from the centroid  as
shown in the diagram of the bolt group!, and is found
by:

, R From Shi gley's Q~~ehani gL

2 R 2 t 2 R 1 Squat!on 8-49,2
R, - 6.67.in R2 =38in

V sttrn of the ttso hear s
Fram the geon retry of the bolt group;

e:z 13-deg
Fbolt

cetttroi d 2i2F ~ = riF R  e! !'! !,i [F R'   e!!i ]

Shear Stress
The ~ shear force, r+, is caused by the drag force, while the secondary shear stress is caused by resultant
moment about the bolt group centroid.



Total Shear Stress;

F sh~

Thc worst case scenario of the bolt losing contact with tbe members was considered. Normal stresses
are caused by bending stress duc to the drag force, and tensile stress &en thc weight of tbe cage and V
supporL

Normal Bend in Stress:

L = LS-ft

Normal Tensile Stress:

The two V supports each have g bolts. Therefore, in thc worst case, each bolt alone would support 1/16
of the total cage weight, and 1ig lhc weight of one V support.

rr~ -= rr t+trb

-55-

 -!
=1.4 10 ~- lbf

nlRX
tn

d
C

2

d -x4

bolt

F b,lt l.-e
ab =

l bolt

W < ~404.1bf

w ~- 1

From Shigky's ~~hani ca!

Eqvntion 8-3k

 
1

cage wet 16 box beaBl vsul:peart S j

H



3a TS Mt 120 10 psi Famhhighhh~ch o 

Table 8%; Sr' Grad'e Xo. 5.

TS bolt

d~

FS =1,1

Free Bod Dia m of V-strueturet Sketch of the WeMt

eg Farce

Weigte cf g euppcet+ Weight ef Wet Cage

Deseri tion of wcldt

b =3-g2--dhc 3 in h:=,25 in

eFmrn Sbgky's Mch,"ban<'cal

Table W-9

A '= 1.414-h  b + d»

A=2.6 in2

2. Stress anal sis of the V-stt ort base weld:
A cantilever analogy wilh to determine the maximum bending stress in the weld of tbe
V-structure. Shear and normal stresses were calculated in the same manner as those for tbc bolt
group. Shear stress in the weld is caused by tbe drag force. Normal stress is caused by the
moment reaction Iorn the drag force, as weU as thc tensile stress due to tbe V support's weight..



l =  ,707 h!-1 ~

Polar Moment of lncrtla: b dr =.707-h   ! ~
6

1
4 estuary drag cage

F =90.1bf

j~o~g. L = 15il

Shear Stress ln thc Weld

Sexradary shear is caused by the moment reaction about the centmid of the weld:

Maximum bending moment:

M~'wFL

M~ =135 ~ lbf fl

R '= �' + 4.Z4'j ' m

egurrtr'orr 94, p.390, Slrigky

-57-

d
Area moment of inertia: l = � � b+ d! ~

u 6

F
Primary shear is caused by the drag force:

A

Maximum Radius:

From the geometry of the weld, the mL'rimurn radius
Sam the weld centroid to any point in thc weld was
found:

'Frow ShigMF'e M~ehwoeal

I'able 9-3

Each of the four welded plates
was assumed to take 1/4 of the
drag.



V or Strm of Shee Stresses: From geometry , 6 = stan
t

2 1[t  '    » I  '    ~> "z! ]

Normal Stress

i ue t Wei t  assuming that each of the 4 welds holds 1/4 tbewet cage weight and 1/2 thc weight of one V support!: cage wet box beam support
+

4 2
ot-=

A

Mardmum bendirr stress: Mb.'= F L
MbR

 rB '=
I

onortnal '= o B + o t

Q~LS'>~as: total '

3
ab 1~3 10 psr

-58-



3Yield stren for steel: rr YS Steel = 32 10 psi

Safety factor:

FS =10.6

3. Stress anal sis of the V-sit ort Pin Joint:
The pin joint which allows the cage to rotate will have to support the full weight of the cage during rotation.
The maximum load experienced by the pin was analyzed. This pin was analyzed as a cantilever beam fixed at one end.

Free d dia m of Pin:

cage wet

L = 1-tt

nd moment area of ine: I =,391 in
4

=404.4 lbf tt

a~ =2.3.10 psi3

kgm
rr YS sml ' 50010

Yield stress for steel.

4
cr YS steel =7,3 10 .psi

+ YS Steel
FS =

o totsl

Maximumbendin moment: M~ - Wm e wet L

Maximum bend' s s: max
tnax l

Properties takenPom Wadrie ' o tru tion
~i rials: p. 23; Table: Design Properties of
Pipes, Sch 80, l I/2 LP.S,

@rgt'nee~rin p. l0-9; Table l0.2;
Pfvbmer l; Beam Fixed at One End..

Engin~rftg; p. it4f; Equation 10,3.l.
 negative war taken to show tension!

Fronr Ashby k Jonest ~~ineer~r'n
~trials l p 79 Table 8.l
Low-Alloy Steels Powest value!.



a VS steel
FS =

a trauma

FS ~3l

D. Moorin S stem Anal sis:
plus analysis was done to determine the required ~+oil sises
was considered such that the mixing balls did not sink and tha the m ~g bl
be seen below. With this assumptions, the tension in the tnooring can be ~ m ~
to hold the cage in place.

A. Moorirtg BIlts:

To View f Moorln S stem:

S V~ or

hW <s < 9g4.5 -lb'
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r fl t 13.5 tn

4
~ float = -'"' flo toa

Vfl t=6 ft3

Mtutjmum buoyant force:

float f' water float

F fl t 372.3 lbf

Total buoyant float foroe: N float = 4

FB =Nfloats F fl

Fp = l.5 lo lbf3

Fp
FS =

~~~ we

FS =1.5



ppp~dix D: BI'elk Dowe of Kzpenditures

a budget of $3340,00.

-62-



Expenditures by Company Orders:

Barrels for Saje: Irene Mastea
Route 4, Box 422, Northmood, NH 0320l

Brooks Pharmacy
Durham, NH 03824

Deborah II

Merril Blake
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RW. Webb Company
10 Sumner Drive
Dover, Mi 03$20
fx: 749-5572

ph: 74M100

Great Northern Docks
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Handy Hardware
Dover, NH

Houghton True Value
6 Senkins Courts

Durham, NH 03824

Jackson Laboratory
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Memphis Net and Twine Co.
2481 Miittlaews Ave,

P.O. 8331

Memphis, TN 38108

Mill Steel

Manchester, NH
yh: 603-626-7351 or 800-244-7351
R 603-626-7820

Contact; Donna
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New E~lhind Fish and Gear
200 Spaulding Turnpike
Portsrnceth, NH

Old Mill Fishrni&et

Portsmouth Fishermen's Coopcneve, INC. Concession
P.O. Box 4159

PortsmIoutb, NH 03802' 159
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STAR Lumber
450 High Street
Somemworth, NH

Toys 'R Us


