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ABSTRACT

T2 guthors have compile? information on the

fimansions, weishts an? costa of *re orinrcinal tynes

) 1 .3
of 7,5,

Built, steel-hulled fishine veqeale, Thoces

data nave been analyzed and the resulte =pe nresented

#prannicolly in the form of ecurves,

Methods of catimatine weichte and cozxte ore

P N
SAY T ML

ad and tre influence of overhead, wars rates,

nrotit and miseellaneons coste ore Adiseussed, MThe

secnosad cost astimates sre asafmilated into s final
ot of curves showing the trends in totsl rost for
yeznels of various sizes and neqérs;

Sinece there 13 an anparent-need for such a thing
the paper concludss vith a nronosad cost and weierht

racepRing system suitahle “or small-eraft yards,
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INTRODUCTION

Alm

| Naval architects are becomlng increasingly aware of
the importance of ecbncﬁic considerations in making
technical decisions. More and more fﬁey are coming to
realize that the bast measﬁre of engineering success is
commercial success. The progpeetive fishing hoat ownsy
may be imnressed with thé naval architect's ealenla-
tions of stability, strength and fuel rate; but what he
is really interested in knowing is§ fifst of all, how
much the boat will cost and second, haw soon he can
expect the nrofits to repay his investment, Tt is the
primary'intent of this paner to suerast means by which
the naval architect can show the prospective owner how
variations in possible size or power will influvence
building costs. Since any cost analysis involves prior
dimension and weight stuﬁies; the vaner ﬂeals; not only
in cost estimating; but in weirht and dimension approzima-

tions as well.

26008

As the title indicates, this study is confined to
American type fishing bogts; prineipally trawlers, tuna
clippers;'seiners and combination craft. Tnless other-

wise stated, all figures are hased on steel hull con-

struction although deckhouses may be éither steel or
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wood. vV@SS@i_sizés range up to 200 feetv(éo m) in length.
Propulsiocn ié by,single screw diesel engineé in péﬁers‘
up to 2000 BHP.

With a 1little care and judgment, the resuits of the
study can be applied to fishing vesséls falling outside

the above mentioned scope.,

Difficulties Encountered

In gathering the information for this study, the
authors wére impressed by two thinegs: 1) almost without
@xception; administrators and»technical people are
extremely willing to cooperate in furnishine cost and
weight figures; but: 2) the very common failure to keep
any sort of systemaﬁic record of costs and weights
meant that; for’the mosyd part; these people were gimply
unable to éontrihute, In other instances;'their record-
ing systems were so confused as to preclude any useful-
neses to an outsider,

While one does not expect to find mnch factuval cost
information invthe published_literature; it iz really
cause for dismay to comb every availsble technical writing
on fishing_boat desizn only to find next to nothing pubm}
~lished on weights. (Reference 6 is a‘noﬁable axcention),
Let this be a plea;.then; tb future writerss publish
your weight breakdown; or if you have none; at least state
the deadweight and displaéement at some gpecified water-

line!
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‘While the dearth of cost and welght £isures was
extrémelyfdiscOuraginggfit>was;nevertheless-décided to
‘embark on the study and to publiéh-the'findinbs,_ Thls
would at 1east nresent a. targ@t for the dlqcue«ors tn
pelt and it ia the authors' hone that the 9ccumu1ated
miseiles will at least double the paner‘s value, |

Finally,-since there is an aprarent need for suvech
a thing; the paper closes with a propoéeé cost ahd
welght recording system which the authors feel would

be sultable for most small-craft yards.

PROPORTIONS

- Figures 1, 2 and 3 show the principalAdimensions
of the major types of U, S, built fishing craft, while
Figures h; 5 and 6 show the approximate relstionship
between length and displacement., These figures were
developed as part of the‘w@ight study but should also
prove useful in preliminary design, The mean lines
drawvn on the charts represent good average practice but
are not Intended as the final word. In many instances;
special operating conditions will dictate departures
from these mean values.

An attempt was made to utilize Posdunines formula

relating 1ength, disp1aeement and speed (Reference 5).
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5
1t was not found to'be particularly applicable, however,
excépt“for'trawlers in the range of length between 110
~ feet (3% m) and 170 feet (52 m). The formula then is

as follows:

LB = ¢ —E A

Vgt 2
where ~C = 18,4 based on existing data
Vg = normal sea speed in knots
/\ = displacement in long tons, salt water

| (If using metric tons, a value of C = 5,53 will give
L.B.P. in meters).

WEIGHTS

General

vNaval architeets have_an acutg need in knowing how

to estimate welghts on a proposed vessel, First, and
most obvious; suéh knowledge 1s essential as a means
of guaranteeing_suffieient payload capacity;'stability,
trim and similar teehhieal considerations., SecOnd; it
.furnishes a rational method’for egtimating most of the

components of building cost.
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This section is devoted to the problem of estimat-
ing weights in the early stages 6£ design and presupposes
thé dimensioﬁs and power have heen tgntafively set,

.Thé préposeﬁ cost and weight breakdqwn presented‘
at the end of the papér does not ln‘every 1nstance agree
with the one used in this study. The authors were
forced to depart from what they considered best because
of the manner in which their available weipht dota were

broken down{

Structural Hull Welght
| AThis category includes the main hull structure,
superstructure; deckhouse, bulkheads, bulwarks, decks,
foundations;}etco_

In_genéral; welded steel construction is assumed
although the deék houses will‘usually be of wood excent
in thé largef trawlers;

| Pigure 7 may be used to estimate the net weight

of steel 1n'any normal type of fishing vessel with wood
deckhouse, When the deckhouse is of steel; 1ts weicght
in tons can be estimated,(ﬂeferenceié) as 0,00% times
the pfoduct of the structure's length; width_and height.
In metric_units; the constant would become 0, 1%, These
figures aépear to bYe onvthe safe side, The same refer-
ence states that wood deckhouses will weigh the samé

as steel,
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7
1Y the dimensions of the deckhouse are unknown,
the following approximetions may be used for either

“wood or steel:

Seiners: . deckhouse weight # %%% x 0,025

Tuna Clippers: déckhouse weisht = %%% x 0.01%

Figure 7 shows the influence of size (as measured
by the cubic number: '%%% in cubic feet) on the welght
characteristics, This parameter is commonly'used in
‘big Ship ahaiysis and seems quite in order for small
'craft as.weil° HEEove a cubic nﬁmber of 300; the unit
weights decrease as siée increaées. This is quite in
keeping with'similar plots én large éhips and agrees
with COmmoﬁisehse§' In the smaiier sizes; hawever;
_the trend is reveréed; This can be explainei by the
fact thét thé'raised supefstructures which are standard
on thellarger craft usﬁally_disapp@ar as size lessens
and finally; in the smallest‘crafté the deck will be
partially or completely eliminated,

Considerable deviati@n'from normal weights can be
exgected. Extent of superstructure;,bloek coefficient
and arbitrary choice of plating thickness will all

influence the final figure. It is surprising, then,

to find that Figure 7 seems to be generally correct
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within 10 percent in the range,of sizes above a cubie

numbsr of 100,

Elzgg'Bailégt |

There isléonsiderable variation in the amount of
fixed ballast carried in different craft and in many
instances it iec omitted altogether, WNo correlation
seems to exist between ballast weight'and veSseI size,
Its weight ¢annot be fixed in the preliminary design
stagé but is generally intfodueed only as found neces-
sary for»stability aftervthe design is'fairly well
' advancedo'_While ballast mﬁst not be cvérlooked in the
-weight anal&sis; it is of only minor_importénce in

figuring costs.

Qutfitting and Hull Engineering Weight
| This,categqu-includes such items as the rudder,
_ prbpelléf and‘shafting;vbait boxes; hull piping; joiner
wofk; Wiriné;'refrigerétion equipment; ventilation;'
heating; hatches and rigging. |

Figure 8 can be uséd to estimate the weight of
outfitting and hull engineering; The figure shows the in-
fluenée_of size on_this welght category and it is found
thét the unit weight definitely increases with vessel
size, While this is quite the opposite of the ease in
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larger ships, it can be explained by the fact that
larger fishing craft tend strongly towards a greater
use of electronic géar; deck machinery; steering gear
and "hotel serviée" systems. In the extremely small
sizes; weights within this category are almost non-
‘existent,

Actual data points fromvexisting'ships show con-
sidgrablé variation énd iﬁ some cases depart from the mean
line by as much as 30 to 35 percent, While Figure 8 is-
believed to indicate the general trend, it should be

used with a great deal of caution,

Fishing Gear Weight |
This pategory"consists essentially of that portion

Qf'tbe_veséelfs fishing equipment; such as trawl winches,
. gurdies; and seine reels; which are more or less secured
in place, It specifically exempts fish nets; fish
lines; polesvand othér»;oose gear which the fisherman
can change at will. Work boats vsed primarily for fish-
ing are inclﬁded.here,whereasnlife boats would be grouned
with outfitting. Bait tenks are grouped with hull
engineering because of their elaboraté piping.

'iIt is difficult to generalize about this category.
Its wéight will depend on the fishing ﬁethod to be used

‘and normally the owner will dictate the equipment to

the naval architect.
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In seiners; this weight will vary from about 10
percent of the light ship weight in 30 ft. (10 m) boats
to about 2 percent in 85 ft. (26'm) boats. For small
trawlers; this ratio should be about 5 percent in the
smaller sizes and somewhat less in the larger sizes.,
Perhaps this category should have been at the top
of the list because the fishing method‘dictates the

gear which in turn is the crux of the vessel design,

ﬁg;g Propulsion Machinery Weight

This category includes the méin propulsion engine
~ together with its lubricating cil; fuel oil and cooling
‘systems, Also included are thevgears; starting air
system and controls.

U. S. fishing vessels today are almost 100 perecent
diesel. powered with single screw pronulsion. As a
general rule; the engines are installed as single rather
than multiple units. Direct connected engines are
frequently found on the bigger vessels while geared
engines'are mofe commonlyvfound in_the_smaller craft
where weight and speed restrictions are acute,

Figure 9O has been.prepared as an aid in figuring
the weight of the main propulsion machinery. ‘It should
be noted that the weights are plotted on a basis of hrake

horsepower, This is not to be confused with shaft
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~ horsepower which will be somewhat smaller. References

1 and L contain excellent conversion factors for verious
arrangements.

Liguids within the machinery will add a small
extra weight; perhaps 2.5 pércent to the dry weights
shown in Figure 9,

The weight of propeller, shafting and shaft beér«
ingsé really should_be included in this category,
However; the data available to the authors generéily :
grouped these weights with hull engineering go this
practice was qf‘necessity followeﬁ here. The outfitting
and hull'engineering weighis of Figure 8 take this into

account.

Auxiliary Machinery Weight

| This cétegory includes all the engine room ltems
othar than‘those directly concerned with the main engine.
The weight of ﬁost of the auxiliary maehinery; such
as the generators; bilge pumps and refrieceration machinery;
~1s more a function of vessel size than of the rated
horsepower of the main engine. This weight category is
therefore analyzed on a basis of‘cubic numbers,
Figure 10 indicates a rough method for apnroximating
the weight of the auxiliary machinery. The unit weights

tend to increase with size because of the increasing
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impcrtance of.auxiliary mechanisms in the larger crafi,
Individual deviations from the mean line may be as much
as 80 percent so that this plot should be used with
care, Perhaps somé of the discussors can suggest a

better method of approach,

Light Ship |

The summation}of all of the above weight categories
(that is: structural hu11; fixed ballast; outfitting
and hull engineering; fishing gear; main propulsion
machinery and auxilisry machinery) equals Light Shin,
For a specific design;.the‘prudent naval architeet will.
also append a designer's margin of from 5 percent to
20 percent depending on his confidence in his estimates,
In the case of wood hulls; another 10 percent for soakage
may be added“
| Flgure 11 shows the general trends of light ship
welght versus cubic number. It is obvious that many
factors can throw an actual weight figure off these mean
lines., Trawlers, in particular; seem to be stoutly
‘built and tend towards weights between 15 percent and

25 percent above the curve values.

Deadweight and Displscement

Thg difference between the design disnlacement and

the light ship weight is of course the deadweight. This
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conprises the variable weights which the fisherman can
use in various combinations and over which the naval
architect will have no control. While it is beyond the
scope of this paper to provide means of estimating these
variable weights; the suggested breakdown of cost and
weight at thé end of the paper will serve as a reminder

ags to what should be considered.

CONSTRUCTION COSTS

Geperal

Thé very nature of boat builﬁing costs*is such that
it is quite 1mpossible to write a definitive treatise on
thév$ubject, xVariaticns in design; differing production
methods'between yards, changing hourly rates; disparity
between,loealvtaxes»and shifting dollar values all place
any eost_énalysis oﬁ.shaky gouund . ‘This does not rule
out the usefulness of such studies; howevérn When engi-
neering economy is used as a»tool in design, it is
generallﬁ satisfactory to ha#e éorrect relative values
of cbsto Therefore; while the end results of a compre-
hensive study may not be exact today (and will surely be
wrong tomorrow) they can etill serve a very useful pur-
pose,

The remainder of this section outlines a method for

estimating the cost of construction-of a single-contract,
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U, S, built, steel fishing vessel. Dollar values are
based on mid-1958 conditions., The term "material cost"
includes not only outside purchases, but services of

vendors' engineers and similar expeunditures.

Structural Hull Costs

These will vary with the steel weight which can be
estimated from Figure 7.

Net steel weight should be increased by about 15
vercent to arrive at the invoiced weight. Current
delivered costs are about $200 per long ton from the
steel mill or about $250 pér long ton from a warehouse,

The man-hours of labor involved in the steel hull
construction can be estimated from Fisure 12, These
values include mold loft work and wooden forms.

Wood deckhouses may be estimated on a basis of #250
per long ton of material and 100 man-hours per long ton

for labor. BRoth fisgures are based on the finlshed weight,

OQutfitting and Hull Engineering Costs

These will depend on the weirht of material involved,
and this canvbe estimated from Figure 8.

The material costs will average about $265 per long
ton; based on the net weight., The fisure may be con-
siderably higher, however, 1f a greater-than-average

amount of electronic gear is ingtalled,
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The man-~hoursg required to fabricate and instasll the
outfitting and hull engineering items can be approxi-

mated by the use of Figure 13.

Fishing Gear Costs

This particular category is one in which the authors
could find no exact information, It seems reasonable to
believe, however; that the unit costs for both material
and labor should be very nearly the came as for out-
fitting and hull engineering. Recent trends towards
power reels and other labor-saving devices will, of

course, tend to increase costs within this category.

Main Propulsion Machinery Costs

The material costs for the main engine may be ob-
tained from the various diesel engine manufacturers or,
lacking that gource, by reference to Figure 1k,

The labor of installing the main engine should wvary
with the weight of the unit, This may run around 50

man-hours per long ton., See Figure 9.

Auxiliary Machinery Costs

‘These figures may be estimated on a weight basis,
Figure 10, Material costS'should average about $1200
per long ton. The labor involved in handling and ine
stalling the auxiliary machinery generally requires about

180 man-hours per long ton.
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The average hourly rates including a normal amount
of bonus and overtimeApay comes to about $2.65 on the

East Coast and $2.75 on the West Coast.

Overhead

This cost division includes most of the operating
expenses‘which cannot be charged to any vnarticular con-
tract. Executives' salayies; watchmen's wages; property
taxes and fuel‘costs represent a few typleal examples.
The total cqst chargeable to any given boat will depend
onsthelnumber‘of contracté handled during the y@ér and
-numerous_qéher féctors;

Overhead is generally estimated‘as-a percentage of
the direct labor costs and various yafGS‘féport this
running from as low as 30 pércent to as high as 125
ﬁercent, For general purposes, a fidure of 80 percent

is appropriate,

Mlscellaneous Cogts, Profit and Insurance

| The sub-total of all material costs listed above,
shouldlbe increased by about § percent and labor costse
(not overhead) by some 10 percent to cover engineering,
launching; materlal handling; cleaning; trials and

other necessary miscellaneous costs,
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For estimating purposes, a profit of 10 vercent

of all of the ahbove costs is frequently esseigned.
Insurance on the vessel may add another 1/2 to 1-1/2

percent.

Duplication

Building several consecutive boats from the same
set of drawings; templates and forms will; of course,
effeéf coﬁsiderable‘savingS'in'cost. In addition to
the non--recurringvexpenses_just'mentioned$ there are
reductions due to increased labor efficiency and
vendors' savings.

The eoét of éach of two identical vessels may be
only 90 percent of the cost of a single boat. If the
number of repetitions reaches eight or ten, the unit
cost should level out at about 80 vercent of the single-

contract cost,

Sample Estimate

The Appendix contains a sample estimate which
illustrates the use of the foregoing cost and weirht
estimates., The example is hased on aﬁ actual bid job
and shows satlsfactory agreement with the average of

the bids submitted.
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Cost Summary

The preceding parts of thie section sugpest methods
for estimating costs of the major components of fishing
boats, The method of presentetion allows the reader
to modify those particular items for which he has more
authentic estimating data. Where facility is more
imrortant than accuracy, however, the following mate-
rial should prove convenient, The datailed firures of
the previous paragraphs have been assimilated in ordar
to vrovide curvas of total cost for fishing craft of
various sizes and powers.

Figure 15 shows the general trends in materilal
costs and labor requiremants for vessels of different

gsizes, The costs associated with buying and installine

the main engine and fishine gear are specifically ex-

cluded. The 7irures are high enough to inelnde mis-
cellaneovs material and labor costs (engineering; launch-
ing, ete.) but no overhead, nrofit or insurance.

Figure 15 shows the general trends in the cost of
furnishing and installing the main ensgine., These curves
ar2 quite roupsh and are intended only for quick esti-
mates. The values are high enough to ineclude miscellaneous

material and labor costs. The total cost curve also
Includes overhead at 80 percent of labor, nrofit at 10

percent and insurance at 1 parecent, Hourly rates are

assumed to be $2.75.



-

g Ng o8 " e TR
B \ 0001/$ (LSOO VINILYN
.\

20

AR
L Y
NI

0001/¢

01/ SYNOHA

1800

NVN SIN

oa11v¢sk|1v101

IN3YIND3 Y yO8vY

L

|

240
200

160
120

80

40

16

e LTS

MAITNM Bl /AN e

J’{\ t\ -:. E

Y



TRANYIAIW ruZ,I\,\.__M_ .W ANIYND NiwW AR w.\,...,‘.u.DJ.\.i..wV SILGSOD HA2mw) ¥ Jd.wdd.w.d(é -

000l 008 009 00¥ 002 0
T T T
001 L =
- oml— \\ -
o»
02
- < B
> -
s >
[ o]
(oY) z o o¥
r p o]
- o —
8 m
Mb.. [»)
oz 5
» 09
m
= F 3
o m ]
= 2
_ (@)
09| @
z (oY)
>
-4 —
(]
5
003
- ool
w
/. -
g
o»e s
o2l

Nnoa




19

Figure 17 shows the trends in total cost for fish-
ing vessels of various sizes and powers. The curve of
zero power represents a hull without main engine and
1s based on the material and labor curves of Figure 15
with an hourly rate of $2.75; ovarhead at 0 percert,
10 percent profit and 1 péreent insurance. The other
contoﬁrs are taken by combining Figures 15 and 16, It
is ‘_probable that trawlers would tend to cost from 5
to 10 percent more than indicated by the curves.

.Figure‘18 shows the approximate relationship be-
tween vessel length and cubic number, This allaws quick
conversion.to_the slze pérameter used in thé curves
when thinking in termé of vessel lenesth, Obviouvsly,
such an approximation}eéuses a further lessening in the
accuracy of the estimate,

For»rulewcf-thumb estimates, the following approxima-
tions have been derived from Firures 16 and 17:

a) thal_cost; exclusive of main engine and

fishing gear, in thousands of dollarss

- 0 7o  IBD ) '
z 0.70 x 365 ° when %%5 is less than 250

= 1,09 x %%% = 100, when E%Q is greater than 250

o

b) Cost of furnishing and installing main engine,

in thousands of dollars:
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6,7 x %%% ; when BHP is less than 600

13 =x %%% - 38, when RHP IS greater than 600

PROPOSED COST AND WEIGHT SYSTEM

General

By way of definition, we are spesking here of the
categories into which one may divide hoth the costs
and weights involved in building a boat. Bach cate-
gory is given a codified number for ease of-identificam
tion aﬁd the same'code numbers are nsedvon every boat
buildiﬁg contract. After a few boats have been built
and recorded under such a system, the yard will vosgess
a goldmine. of economic and technical data of great
usefulness in subsequent contracts. The following de-
partments_will be particularly benefitted:

1) Aécountants; who must keep a record of how the
money 1is recelved and dlsbursed,

2) Cost estimators, who must be able to predict
quickly and accurately how much any proposed vessel
should cost even when the new design is different

then any other nreviously built,
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3) Waval architects, who must be able to assure
the owner of adsquate capacity, and proper stability
and trim. |

%) Production planners, who must have some basis
for predicting labor requirements and for gauging
progress during constructicn; |

The ideal system should be identical for both |
welght and cost records. When this is so, the estimator
can readiiy establish a large number of exceedingly
useful coefficients, such as man-hours per ton for
steel shell construction. Thus, as each contract is
completed, weights and costs,are analyzed and the re.
sultingAédéfficiqnts plotted or otherwise recorded,
Then, when a'competitive bid is,requested, the estimator
can”uée_these tools for predicting the cost of.each
element of the proposed'craft,_ The new'design moy at
first seem radical, but when broken down into each of
1ts components, it can‘be analyzed with confidence,
This 1s not to say that any estimating syotenm will
eliminate the need for judgment and common sense, It
is simply that a bid prepared by these means is bound
to be better than one arrived at by gazing at the
Qeiling or by going to the other extreme and estimating

the cost of installing each individual plate and angle,
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The system should be detailed.enough to yield rea-
sonably meaningful coefficiehts ané one should not try
to lump jll-assorted items into 6ne category., On the
 other hand, a’certainvampunt of compromise 1s necessary
here 6r-things‘will'become altogether too complicated.,
The yard Supervisors,'who_are responsible for keeping
vtraék of the man-hours devoted to each tyve of work;
aré'géneréily,not'foé well qualified to memorize a Long
énd]elaborateslist of charge numbers and their meanings.
_Overly oomplicated systems defeat %heir uwn purpose
;since they lead to sloppy reporfing.: It is sugges%edﬁ
that the best place to effect these compromises is in
.the qmaller, less expensive, categories whero rather
erude estimates can do-little harm.

Wheh insta11ing.a system such as proposed here, it
1z important to reméﬁbgr ﬁhat'if cannot possibly:wak..
.without thé active cooperétion-of'the vard sunervjqovs»
These individuals must be properly indoctrlnated anﬁ
convinced of the importance of reporting time accuratelv
and they must,vof course, be furnished copies of the
numbering system. ‘

The cost nﬁmbers'ShOuld be made an integral vart
of each drawing number and all material should be plainly

marked with its appropriate number.
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In studying and comparing various existing systems,
four different philosophies seem to have been apnlied,
Some yards divide the work according to what the object
is: bulkheads, fqundations, rudders, ste, Others may
divide it up according to who does 1t: sheet iron;
plumbing, painting, etc. A variation on this is a
division according to what sort of tools are used on
the.object° Most systems now in use show the combined
influehee‘of_all these philqsophies and_most contain
rather ﬁeculiar oddities having their roots in the
history of the yard, Several»yearsnago the U.8, Navy
considered adopting‘a sjstem based entirely on function.
Thus the charge number for propuléion machinery; as an
example, would embrace not only the engine and gears
but aséociated foundations, wiring and piping. Thé
proposed system had cpnsiderable merit but wés foo alien

to eatablished systems in yards throughout the country.

First Proposal
The first proposed method‘for_breaking.down cost

and welght has_been prepared by the authors and can be
recommended for all kinds of small craft construction.

It 1is generally simllar to.those useé‘in largeIShip-
yards, It differs_prihcipally in that épecial categories

are established for deckhouses as well as for special
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. equipment--in our case; fishing gear, Deckhouses are

set out because of wide differences in cpnfigufation
between various types of boats. Another point of differ-
ence is that hull englneering is lumped with outfitting
because of the diffieulty of drawing a line between

them in small craft work., Finally, engine room auxiliaries
are_independent of the main engine since their.functions
are more akin to the hull than to the prime mover,

The bfeakd@wn ié made agéording to what the object
1s, rather than who builds it, what toois are used; or
what function it fulfills.

An outline of the first proposal follows. The list
is by no means complete but'enough,details are given to
~express the authors'’ ideaé, rEaéh yerd will have its
‘own special requirements and these may vary somewhat de-
pending}on,the;type of vessel, In any event, every .
conceivable iﬁem of'work should be set down in one cate-
gory or another, This will prevent vacillation in the
case'of illndefined'items and insure that nothing is
forgotten in a cdst estimate.

Zero Division (cost items involving no material

going into the ship)
01 Engineering and designA
02 Specifications and contract plans

03 Insurance and miscellaneous fees
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O+ Staging, launching, cleaning, temmorary
1ights, ingpection and other miscellaneous
labor and material
05 Mold loff work
06 Tests and trials

99 Handling materials involved in the above

100 Division (Hull structure)
100 Shell plating and bulwarks
101 Double‘bottom framing
102 Other framing
103 JTanktop
104 Deck's; hatech coamings and pillars
105 Bulkheads
106 Foundations
107 Castings and forgings
108 Fastenings

- .y

- -

199 Structural material handling (no weight)

Note: The cost of fitting and welding two items in
different categories should he charged to the
smaller of the two items. For example, the work
of fastening a frame to the shell would be
charged to the frame,
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200 Division (Deckhouse) |
200 Deckhouse, wheelhouse, ete,
201 Open bridge; wind screens; ete,

202 Wood or metal awninge

299 Deckhouse material handling (no weight)

300 Divigion (Outfitting and Hull Engineering)
300 Joiner and;carpentry‘wprk
301 Hatch covers and other closures
302 Boatswain's and other stores
303,0anvas awnings, hatch covers, ete,

304 Furniture.

305 Navigating equipment |
306 Masts and rigging (except sailing craft)
307 Electrieal wiring; fixtures‘and appliances
308_Heating; ventilating and air conditioning
309 Refrigeration equipment (outside engine room)
310 Hull insulation
311 Lifeboats and davits»
312 Other lifesaving gesr, firefighting equipment
313 Bedding,. mattresses; linen
Nk Galley and messrbom equipment

315 Sanitary fixtures



316 Piping outside englne room

317 Steering gear and ruddfer

318 Deck machinery and mooring equipment
319 Independent tanks

399 Outfitting material handling (no weight)
400 Division (prpulsion.maehine?y)

' hQO_ Main engine o
401 Reversing and r@duc%ion'gaafs

th Propeller, qhqfting and bearlngs o

- 403 Coollnw, fuel, 1ub?1cat1nﬁ and exhaust

| . systeme for main anglne

| MOQ. Attached auxiliaries

hQS Starting equipment, |

406 ‘Governing_anélcqntrol systems

407 Liquids in provulsion machinery

%99 Propulsion machinery material handling (no
: |  weight) o

500 Pivision (Engine Room Auxiliaries)
500 Generators

- 501 Pumps and compressors



502 Heat exchangers

503 Refrigeration machinery

504 Auxiliary boilers

505 Switchboard and wiring in engine room
506 Service systems for auxiliary machinery

507 Liguids in auxiliary machinery

599 Engine room auxiliary material handling
{no weight)
600 Division (Fixed Ballast)
600 Fixed ballast

7700 Division (Vessel Funetion)

This category is reserved for equipment peculiar
to the needs of various types of craft,
701 Fishing gear and bait tanks on fish boats
702 Towing gear on tugs
703 Cargo gear on coasters
704% Masts, sails and rigeging on sailboats
705 PFirefighting gear on fireboats

706 Secientific gear on survey vessels

o - -

e wn
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P smamasion of 81l of the above welsn®e and eneta
will irdicate tlwe Light ship weleht and cost of labor
andt mararial to the shipysrd. 17 {fvribter analysie laezc-
ing v dlenlecancnt le desired, <he Tollowin: zateporiesn
are sarzasbed as eviensions of the zhove (moszt or these

irvolve an eosh to the yard):

GC0 Divisicu (Cargo Dealwelrnt)
200 Pertoad, other than wasgergslrs

801 Dunwmape

900 Divigion (Miscellaneous Deadwelight)
o000 Fuel

, boiler faed, sanitary

(1]

901 Fpoch water {coolin
end potable)

202  Ballaest water

303 Lulyicating 0il

50% Pasgengers, crew end eff=2cts

305 Stores and provisions

906 Rait and water in bait tarks

907 Nets end other ovmer's furnished ous?it

Sacond Prongsal

Another, more systematlie, anoroach to this nroblem
of idantifying the varions categories allows coneidersbly

finer fivigien of the vessel’s comvonents. Thtls method
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involves the use of primary, secondary and tertiary
breakdowns“AWhile_boatbuilders may feel that such
elaboration is undesirable, there are several advantages
to the systém, Tt is so logically arranged that it may
be no more difficult to grasp than the simpler appear-
ing first proposal. Further, it would be ideally sulted
to .electronic data processing.

The authors are 1ndebted to Mr. Géza'ﬂagyari;Kossa,
former cost'estimator'of,the Danube Shipyard in Véc,
Hungary.for p@rmiésion fo publish this system which he'
~developed several years ago.

'Spaée ;imitations preclude the preséntation of
ihe system in all its details. The rudiments shown
below will illustrate the point and readers wishing the
full details,may’obtain copies from_the authors.

This is a fecimal system. There'are ten primary
divisions, each of which is divided into ten secondary
divisions»(or sometimes less);v Each secondary division
ié in turn dividedpinto ten 6r less tertiary divisions.
Thus, aylogical arrangement of up to 1000 categories

is generated.

Primary Divisions
0 Design and englneering
1 Hull

2 Propelling machinery
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Auxiliary machinery
'Piping systems
Steering gear and deck machinery
Joiner and carpentry work |

Electrical

© ~N O Ww Fow

Ovner's Qutfit and spares
9 Trials and delivery |
Txpical Segohdarx Division (Of Primary Division s
Piping Systems) o
40 Bilge and ballast piping
41 EBngine room piping
hg Fire system piping.
43 SaﬁitaryAand'potable
Ll Speéial'piping .
45 gtacks and uptakes
46 Pumps
47 Compressors
48 fTanks
Lo ‘Unassigned) |
Typical Tertiary Division (Of Secondary Division #uls
Engine Room Piping)
410 Steam Piping
.%11 Boiler Feed Piping
412 Fuel oil piping

413 Cooling water piping



4k
15
RV
417
418
419

Lubricating oil piping
Diesel fuellpiping

vCompressed air pilping

Exhaust piping
(Unassigned)
(Unassigned)

32
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CONCLUDING REMARKS

It is the authors® hope that this paver will
stimulate fishermen and naval architects to devote
more attention to the cost factors in fish boat de-
sign. It is their further wish that boatyard managers
will install weight and cost accounting systems where
they have nbt already done 80, Once this is done it
will be up‘to the naval architects to compile such
information‘in complete; yet concise; form and to pub-
lish it for the benefit of all, Perhaps the Food and
Agficultufé”@rganization of the United Nations could
provide a standard form for the recording and dissemina-
“tion of such. data. |

As explained in the Introduction, the authors had
to develop;the suggested weight_and cost filgures on
totally insufficient data. It will be disappointing
indeed 1if the paper does not invoke a storm of criticism
in which the wvarious discussors orove their contentions
with generous suvplies of factual iﬁfdrmétion,

| _Finally;»the job is at best only half done.

Fishermen and naval architects need a complete kit of
economic tools in order to make rational desiegn déci-
sions. This study.has attempted to,shbw what sort of

~ Investment will be requifed in a fishing boat, What
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is needed next is a study which will furnish methods for
estimating annual profits for craft of various types,
sizeé and speeds,  Then design decisions can be bhased
on the attalnment of the maximum possible rate of re-
turn on investment, rather than on the crystal ball,
References 2 and 3 show what can be done along these

lines for larger ships.'
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APPENDIX

A, Sample Estimate‘
To clarify the suggested methods of estimating

weights and costs, the following typical problem has

been worked out:

Problem: BEstimate the deadweight and cost of a single-
contract steel tuna clipper of 1200 long tons displace-
ment; powered by a_lGOO_BHP; 1720 rpm opposed-piston
diesel engine. Assume vessel built on'the West Coast
during 1958. Calculations are done on a'slide rule with
welghts figured no closer than the nearest toh.and:qosts

to the nearvest $100, Each step is numbered for clarity:

1) From Figure 5, IBP = 138 ft.
>é) From Figure 2; Beam = 33.6 ft.
Depth = 16.8 ft,
3) Cubic number, LBD = 138 x33.6 x 16,8 - ngo

100 100 -
L) Steel weight coefficient'(Figufe 7) = 0.337
5) Steel weight = 0.337 x 780 263 L.T.
6) Wood deckhouse weight = 0,015 x 780 = 12 LT,
7) Outfitting weight coefficlent (Figure 8) = 0,267
8) Outfitting weighﬁ-a 0.267 x 780.s 208 L.T.
9) Fishing gear weight = | nil

10) Main engine weight, wet (Figure 9) = 35 L.T,
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11) Auxiliary machinery weight coefficient

(Figure 10) = 0,079
~ 12) Auxiliary machinery weight = 0.079 x 780 = 62 L.T,
13) Weight summary:

Steel hull 263 L.T.
Wood deckhouse 12 L,T.
Outfitting 208 L.T,
Fishing Gear ' 0 L.7T.
Main engine (wet) 35 L.T.

. Auxiliary machinery 62 L,T,
| Sub=Total 580 L,T.

Designer's margin and leeway

for ballast (74%) | %3 L.T,
Light ship 623 L,T.
Displacement 1200 L.T,
Deadwelght | 577 L.T,

14) Structural hull invoiced weight =

1.15 x 263 = 302 L,T,
1%) Strﬁctural hull material cost =

$200 x 302 = $ 60,400
16) Structurai hull man=hours per ton

of steel (Figure 12) = 153
17) Structural hull man~hours"= 153 x 263 = 10,200

18) Wood deckhouse material cost = $250 x 12 = $ 3,000



19)
20)

21)

22)

- 23)

o4)
25)
26)
27)
28)

29)

30)
31)
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Wood deckhouse man-hours = 100 x 12 = 1200
Outfitting material cost = $265 x 208 = $ 3?;200
outfitting man~hours per ton of outfit

(Figure 13) = 167
Outfitting man-hours = 167 x 208 = 3%, 700
Fishing gear material cosﬁs = ‘nil
Fishing gear man-hours = il

Main engine material cost (Figure 14) = $12%,000-

Main engihe'installation man-hours =

50 x 35 = 1,750
Auxiliary‘mgchinery material costs = |

$1200 x 62 = $ 74,400
Auxiliary_machinery installation man~hours

=180 x 628 11,200
Total man-hours (sum of lines 17, 19, 22,

24, 26 and 28) x 1.10 = 98,000
Total labor cost = $2.75 x 98,000 $269,600

Total material cost (sum of lines 15,

18, 20, 23, 25 and 27) x 1,05 = $333,000
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LOEY BUmnary

Material £333,000
. ~E 2
Lebor 209, 600

Overhead (80%) 215,700

Sub-Total 818,300
Profit (10%) 81,800

Ingurance (1%) 8,200

BID PRICE $ ©08,300

This compares with an average bid of about $855,000
2 recently nroposed vessel of comparable size and
sower.  The aetuel provogal involved the use of a sur-
glug main engine which rrobably accomnts for the

P
[

diffevence. It 18 also possible that profit margins
gere somewnat rsfuced owing to the prevalent slump
in ©ish boat construction,

The estimated cozt, based on Fisure 17 is @G?G;GOG
and the rule-of thumb formula hanrens to give exsctly

the same figure ($750,000 for hull oius $170,000 for

4, H, C, Hanson‘s Curves

Fisure 19 shows the resuite of & cost study pre.

T

pared by Mr. H, C. Hanson of Seattle, Washineton. Wr.
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ﬂ8ﬁ5bﬁ nas generously permitted these curves to be
included in this paper. While the quantitative values
shoyn in Figure 19 are not in agreesment with those
develonad by the authors; they neverthelese reprssent

whe considered opinion of a fish boat designer of

mony vears experiencg and as euch warrant serious cone

sidevation.
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