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FORMAL PFKSKNT'TIOM OF 00'4PHRBRISXVK MlXPBUILOXNQ i CERAM

During the final semaater of the senior year in Narlne Engineering

Technology a formal presentation is made by the graduating seniors of a

comprehensive shipbuilding program.' 54s 'pxogram" or "proJect" ccmsiets

of the development of shipyard oriented activities necessary to the

ccnetruction and de3Lvery of an assigned series of slCps, Wth an

emphasis on the responsibilities of the EzqgbNering Deparbasnt. A

Mst of these activities is attached.

En order to acccmp&.sh the pro@sea, the class is divided into teams,

representing different shipyards. Rach team will then enter into direct

competition with the othez teams. The prelijminarg plans given to each

team are identical, ~ work done bg each team is nornLally treated as

confidential material until the time of presentation.

Each team decMes foz itself how the iteas on the Ust of activ-

ities will be distributed among its members. In this ways indivtdml

students may specialise in des~ ax+as of ca~tance. Of coursei

the efforts of every member must be ccmpatable wi.th the general effort,a

of the team.



INFORMATION ON SHIP USA FOR SPRING 1970 ?RESRhIVATZON

1149 A

1089 ft

156 ft

depth

35 A

98~850 tonedisplacement

165,000 HP

2.33 fc

M+00 A

28 @nate

l~el2

The ship chosen ~ designed hg steiente ~ the Dsperhseeh of

The presentation of the%a' preliwinazy deign. ie the starting point for
our develop@mt. It 'ie a4aLtteQg a "state-ot the-arL" vessel mkth

liberel else of high stte+fhh steely gas 4RH36l04 ss JhlLin pxopnloionp
relatively complicated cargo handling gear, and very fine hell. fora.

Ve exact therefor» apgdg jmodeaa techniques to aeomIpXieh the desired
reeu1.t.

Naval, Architectme and Ãariae Engineering at the University of NLehicmn
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SOUTfKRN N'RZNE SF3%RS INC.

The Southern Marine Systems Shipyard employs the aodein

production line technique of producing ships. Oesignsd bg

Rl.chard Buckheister~ Dick Hodp.s~ Ned Rush, and Robert '.falker~

this yagd. util%see two bull<A.ig and launch areas in a mass

production process. These t'm building and l.aunch areas gLve

great versatility to the ysid as each launch area is capable

of producing a l500 foot ski.p. Up to faur smaller shies mar be

produced simultaneously. ''be eely requir&aerlt is that a~ tm

ships being produced siitul',aneously on the same 1aunch area do

not total more than l500 'set. Mith this in mind the yard .s

versatile enough to procki'e up to four different classes of

ships and launch up to 5 sr ships per month. '4,th the tm

launch ways the yard acc~nuaodates a minimum number of workers

with the 4.esaendous increase in output. This yard employs

ap~roxkeately 15,000 pe~pie, the bulk of which are located in

the building and lau.i> areas. ks the ship moves fxem station

to station instead of' lhe people, each man becomes more specialised

in M.s mz4c. Thi' has produced an excellent learning curve

Because tb y'ard is capable of producing a lot of ships fast,

even ~.e beneficial to produce the same class of ship.

This saver paperwork in the engineering and material ordering

departmrits. This fits our yard perfectly as the trend is toward

larger s<ipe as well as larger contracts. The mass production of

evey different classes of ships eventually becomes repititious for

a! of the yard workers.



The etd.pyard lgyeut is ahaost uniqm in design. 'Rye yag4

employe apprcnchaatelg 600 acres of land suremndNd on three «idee

I . hl 92 ~ gk

~8e felt this was best aceaegkiehed bg centaellg locating the

storage and building areas, All support areas feed hsho %haec

two areas from surrounding positions. This saves a tramehem

amount of thse in Iaaterial. handling~ Almost all of tAe Ihope are

located in the combined shop area which includeeg the machine

shop j t he electrical shop j the yips shopj the Sheetmetal shop>

the carpentry shop, the paint shop, and the maintenance ahoy,

Also located in the combined shop area for safety reasons is the

infinaaxy. Most ingu+ee in a shipyard occur either in Q» shops

or the buffing areas Roth of these areas baca good access to

the infimary. Ad$5ning each shop is ~ storais area for that

shop. This saves in warehouse area and,malgQg in materLal

handling. Qy delivering parts and, material direet3g to their

respective shops, valuable mnhours are saved. The warehouse

will store material which is fed direcrQg to the making azeaa

and keep records on all pr~N ships. Thin peC also has a

cafeteria which All earns on shifts There ie also mphe

parking for all emplagreas. 1b eave time and reduos cmhsiion

the Engineering building and Administration building are separate.

The material flow is good in t,hat, it melee the 3east neaher of

turns and has the minimum break in flow.

The material flow is concise, fast, and very effLtd.ent.

The yard ie progrsdeed to @motion Nex4hlg ae every «an has

a Job to ps%oem and he must do it or the operatic iy halted



."faterial such as plates and some shapes are received maX~

by barge.".teel plates are unloaded off the barges by a magnetic

2&-ton gantry cra»e in the i'l te Stoa'age Crea. All steel plates

and shapes vd.ll be stored here..">teel will be shipped regQ.ar3,g

to the yard in the sequence of assembly in order to wlpport the

construction schedule. i.argo inventories of steel would only

pile zp and beg,n to rust. The .'-'torago -rea is a level space

where the plates are piled in flat stacks�This method of stacking

plates is found t.o be more efficient than one where the plates

are arranged vertically on edge in storage racks. The 20-ton

gantx~ crane which traverses the entire expanse of the Plate

Gtorjge P.rea is fitted with an electromagnet. Zt also has an

adaptable vacuum for aluminum plates�The gant~ crane Xs run

by one man. As the plates are received they are stacked in

designat,ed piles. The desi~tian mark is oft,en placed on the

plate at, t,he steel mill. To facilitate this crane there is a

small flat car on rails which serves as a carrier for the plates.

'Re crar e takes t,he plates off the barge and places them on this

flat car until it has a load. It then travels to the plate

st ox'age location where the crane then lifts the plates off the

car m6 places the;u in theix' respnctive stacks. One man operates

this flat car which is self-prope3.led. Ps each plate is requested

the gmtxy crane collects the plate from its stack and delivers

i+ tc the conveyor- rollers located at the end of the Fabrication



Once inside the Fab shop the plates are first metal blasted

to rid the plate of any dust, mud, ox rust which may have deposited

on the plate. The metal is very fine and is collected, almost

completely, and reused. The amount lost is almost negligable.

The plate then cont%nues on the conveyor to the plate straight-

ener where the plate is flattened fox easiex handling and marking,

The next phase the plate goes into the mazking gant'. Hex' the

plate is marked f' or cutting by an automatic marking gantry. The

marking gantry is fed computer progralming tapes which mark the

plate and all penetrations involved. The plate is then marked

&th its part number manual@. This may bs easily done hgr one

man right after the marking gantry. Next, the plate is eat by

an automatic cutting gantry which not, only cuts out each plate

and its penstrations but also cuts it into the desired edge

preparations. Each cutting location is fitted with three cutting

torches as each plate is cut with the correct edge preparation

in 8 single pass o

Nmr we have p«rticular plates and pieces with all penetr«t'ai.ons,

edge preparations, and numerical identification already completed

and xaady to assemble. The flat plates sre moved directly to the

Panel Shop. The curved plates are transported to «nother location

in the Fab shop where a large press cold bends them to the specified

shapes. This press is a capacity that it is capable of bending 6"

plates of steel to a 4< rscUus and have almost no deformation in

the thickness. It is also capable of making double bends. There

are, however~ same plates which cannot be curved correctly by the



lares prese and xeeaire heat to be used. These are general+ very

irreyQar shapes ~ch cannot be fitted into the mess. There is

a anall furnace at the last station in the Fab shop to acoaaacxmate

these irregclar shapes The cnrved plates are then transported to

the Shell Shop via 1axme flat bed trecke. These tracks ilse

transport the flat plates and shapes to the F'anal Shop.

Xn the Panel Shop the plates and shapes are ~ed by an
S

anbseatic gantry mlder Mich is ron by computer tapes also.

Tbie type of weMing is very inexpen¹ive, efficient, and produces

a good qnality ~ld. RLfloe all the ~ds are stPCL+t i@lie %olds,

Xt can be very fact. The plates axe first meed on the back side

or shade opposite the atiffensrs and girders. The iaa~eealky

is then flipped over hgr a large crane Mich can handle plates in

ekdtha ~ to 56' hg 56~. 5m back aide ie then eaMed and the

ASSI ~ I hl ~ S ~ I

continxes oet on the PaneL 9hop converts.

Ixa the She& Shop the curved yhates are fitted together and

mlded by hand. The ~ng ganLry scald be fm too cceyXex te

~ld carved plates and is cxaitted. Be~as there are not nearly
I

as jasny cnxve4 plates aa flat  tates~ the faeh that they are ~lsd

aanua1lg is of little ecmeegaence. After the carved plates are

monied~ the sM.ffenera are mlded to theno

Imr ee have sa~aeablies ociiing fron both the Panel and ShQ1

Shops. These snbasseabliee are eaved on very lares flat bed trucks

S I S .'h h~l ~hl

fxoe every angle to a ~te metal. Et rweaine in thts shop nntil

it is teegketely sand blasted which Iete the sobaaamkly very hot.



This takes anywhere from half an hour to two hours depending npsn

the siss and/or ~esty of the subassembly. Once the subassaaRg

cocle it is moved by the large flat bed trucks to the Paint Shop.

The subassembly is raised up into the air for bottom access and.

caapletely sprayed with primer. This prbeer is a qufi.ek drying

paint ~ the subasseielQy is gone M a matter of hours. Just

before leaving the Paint Proser Shop, the subasseiably is numbered

by the Numerical Mentificatice Department. From here the sub-

asaenbly is moved to the Storage Area by the Large flat bed trucks.

%,m the subaseeably is needed it is moved by large 200-ton

gantry cranes to the assemb+ erection site. Each subassembly is

fitted together to produce assemblies. These assemblies are then

Waved to the Nodule Exectian location where they are put together.

These modules are the last step beiiore the ship takes shape. The

modules are coapleted and moved to the Module Assembly area. This

is the final phase where the ship is assembled as the aetkulss caae

together to fox+ the ship which is ready for launching. There are

maniy small pieces and equipment which are installed before launching

and are handled by aaaD 3.5-ton portable cranes. These cranes are

on large wheels and are extxeee+ versatile. All support areas

such as shops feed the building area via ~ trucks. The laria

KO-ton cranes axe capable of Mtieg 90 turns proving their

versaM.lity.



A eontraet is a focal ~eel R~seen t~ or «me parties,

especially eae that is legally bindhg. To be legal binding a

eontmaet nust oaat~in an offer, aeeeptence~ obligatiane of each

pally define4 aei adequate omsi4natim. A eontreot ean be

oral> hand written' or 4+N4 N~~v it is typed sggt signed

for ~seed or proof.

Quite often a need arises for a change. There nust be an

article m changes with shipis ecIAmote. The tgryee of aha~ps

whish «ag be Iede uater ahange artiales within the scope of the

coRtIooh 4' drcllingls, 4efL4gls, algal opooifioatione, QIQg a

eentxeeting officer hae the authox4ty to ardex' or authorise a

change, The ehiyyax4 shout furnish 5.ts legaL 4~etaent with

full, emplete, aeeurate, and tinny infoma4icm &th respeot

to ehaniee. Requests for elaagee ace genexellg «a4e Ar betters

nant, eorreetian, and %hivers or Oeeiations. %hem a ehanie is

reqeeste4 a prelhainaxy eetieate ot cost should be submitted.

The shi~ anet keep the beet aoeeible reeorcLe of ehangesi
'I

espeeiellg these ~eh are being requeete4 ~muse -of orbal

or other inetruetians other than foraal ohanie or4ers.

Ken a ehanie order oeeurs an equitable ad!ustaent mst be

aa4e. An equitable ad!ustae>t is the diffeaeaee in coat of

yertoxeaium of the met as ehanNad bg the ehanie order an4 tt'he

~tk had the ohange or4er not been ieeue4 plus en allowance for

pmofit.



There are nany types of delete inmlveck in building chips.

The "torse Na3euxe~ tyye are acts of God such as mather, strOcea,

ete. ~ eel of Iovernment Xnelcc4e plae epp~ ctelega~ olaeyge

orders, yweement furnished yiopertg, priorities, stop wek or

sneyens5,an orders~ ete. Vender delays neet be «xeeeahle for the

v4ndor also. Oiffiolllties ilk Resting syooifioations ÃoQIKL]6ng

~l 0 QXlr bl 4'lF.

Notification is the nay key to having delays rsoogniaed as

easeaabie. hy suspected delaying natter ehoLc14 be bioeght to

the attention of ths legal dsyartnent eo they nag licaediate3g

give ttw1g notioe to the onstaner end oooperate in seeking

solutices and yrovhking hxenentat4m of the aaount of 4elny

icmuxveC. It is also essecrhial that the aateal aiomt of delis

oansed to the IQtinate ~vs~ selcednle be dconnented.

The inyortanoe of delay 5etemLmd4m, notifioaM.an, end

docn~nhstion is a direst rescclt of mary. A oaapeay my be

~ ub~ to penalties inc&ding Kquidated deaaiee, teaainathn

for dafenlt~ dances fox breaoh of eantraot~ end rofcLsal to

~ cnard other contraots.

There are tm ~r types of contrnats whish ars fined

~ ~ ~ * ~ h~. t t~

define types of oontraots each of these types are broken 4aae

into detailed types, There me three tyyes of fined yrioe

oontraets designe4 to faoilitate proper pricing mder va~rLng

eirematenees. 'Iheee three types exec

1 firn ~ yrioe ooahreot - this ie the type Ieost

preferred by the geeenmeent beeeuee the aaxlam H.ek

is placed cn the emtrcLetor.



R. fixed price cocxtrect with eeca1,ation - this type provides

for en upwaei or daeencard ad!uehaeat of contract nxd.ce.

3, fixod price incentive contacts - this type pxovihee for

upwILrd or dcnaward adPastisent of the contract price by

a forNNQa based on the relationship of the negotiated

fimQ. cost to an initial target cost

At the outset the gevemeecxt ox msxer and contractor negotiate a

target cost, a target profit, a price M~xN and a fomeLLa for

establishing ~ profit and price. After performance of the

- eoatract, the final cost is cccxpated and audited. The final

contract price is then estabktshed in accordance with the foxmula.

%here the final cost is less than target cost, the forxxula peovides'

a final profit greater than the tariet profit should be. Gamversely,

where final cost is acre than target cost, applicaticn of the

formula results tn a final profit less than the tariet profit, or

evea a net loss.

There are also three cost mheborsement contracts which famr

the compeer. They diffex fraa fixed price coabracts in that a

contractor is reishursed fox the alba.e costs that he incurs
1

up to an ateount origixm!Q,y estimated for contract perfomance.

ltiek to t,hs contractor is minieiied since he ie genersBg under

no obligation to continue with contract perfoeaaace after the

total estimated cost of the contact hae been aaqemdsd

Cost, reixLbutseeent tgye ccmtrects are not to be used except

when it ie likely that Xt will be Ress cos42g to the owners; or

when it is impractical, !us to the nature of the supping.es or

services being procured, to use athsr cocxtrcLct types. These

three types are:



lo cost contract - under this types' the contractor ii

reimbursed for Ms allowable cost of perfoxeanee but

receives no fee.

2. cost plus fixed faa contrect - this type is the least

desirable for the owner since it affords little or no

incentive to the contractor for cost reduoM.m. The

contractor is reimbursed his allowable costa and ie

given a fixed fee established at the contract start

not to be affected by actual coats.

cost plus incentive fee contract - tM.s type provides

for the initial negotiaticn of' a tarmet cost, tariet

fee ard a minimm and emtbtum fee together with a fee

ad ustment formula.

The 9occthern Narine Systeei Shipyard proposee a fixed prLee

incentive contract with a 75/25 sharing line. The tariet cost ie

set a ll0 million dollars while the target profit is set aL ll

nd.llion dollars or lOC of the target cost. The ceiling II ice ie

l2S million doU.are. ~'e propose a extract of this type because

we feel we can raeet the schedules and observe a mcncimm profit.

Xe feel the contract will be ours for this contract ie attractive

froa the owners point of view. Xt will result in two ships

produced ia a minhaum af time resulting in medica return.



O



PHELL'%NARY PLANNING

reliminary I'lanning is an organising procedure to construct

a ship. Xt involves a series of steps to see just what the shipyard

has or needs to complete a particular contract. Thele are three

basic necessities to preliminary planning which are; make a ahipway

schedule chart, make launching calculations, and. cheek for adequate

crane capacity. To make a shipway schedule charL the shipyard must,

first establish dates fax keel laying, launching, and delivering.

There are sevexal factors affecting these key dates. Facility

requirements of the shipyard should be adequate to handle the

contract or else steps should be taken to get proper facilities.

This includes items such as heavy or light machine~, space in

which to build subassembUes, and launching facilities, %mpower

requirements must also be checked for the yard may be lacking in

technical aspects such as welding, joining procedures, and new

products in machine applications such as bending presses, The

general labor situation should also be checked. If the shipyard

is having labor problems~ they should allow f' or this in their time

estimates. Xf a shipyard is in good condition with the labor

unions they will probably make a closer estimate on the key dates,

The raw material market should also be observed for the shivers&

would not set a date for delivery knowing the steel for the 8M.p

rrd.ght not arrive in time to build it . This is a hard item as the

shipyard may not know when a steel company will have a strike

leading to postponement of their launching date. In conclusion,

all of these aspects should be estimated as accurately as possible

keeping in mind that they are only as good as the people you depend

upon. These peoole, such as vendox s, may have difficulties beyond.



their control which wi13. affect the key dates in the shipyard.

All of these factors must bs considered in bidding on contracts.

No shipyard wants to pay penalties when it could have been abided

by a little more xesearch on one of the previously msntiaaed areas.

In making bids on contracts oz' working preLhiina~ pLans some

method of procedure should be followed in order to complete a bid

with accurate dates and figures. The following is a typical

Preliminary T'lanning Procedure:

I. Establish Key Dates.

IX. Make a chart for the Key Dates+

III. Make consideration fox fane in and/or farm out work.

IV. Check plant facilities to see if the yard, nesdsi

A. any new machinery

B. new type of workers

C. more employees

Q. more warehouse space

K. more storage space

F, heavier lifting equipment

V. Nake a detailed construction schedule.

A. including all importmt tasks with start and ccegketion dates

B. should be capable of easy modification to reflect actual

conditions

C. most yards now use the critical path method

Rake orders for lang lead time material such as boilers,

reduction gears, Wc

VII. Engineering anl/or design woik must be scheduled to support

both the procuremsnt and production efforts.

A. This includes a working plan schedule consisting of



atructural, machinery, +ping~ ventilation, eleotrical,

and Joiner plane.

VXXX. Change Order Procedure.

IX~ P3.an &n erection eequencea

22 April 71

22 August Vl

l Mop 72

l A3g 72

l Feb 'Q

1 June 71

March 72

1 June 72

f abrication

keel laying

launching

de@.vs ring

The Ship~ Schedule Chart listed in the Prelim~ Planning

Schedule is a chart shing the key dates iu a contract. There

are actually two charts involved. One chart shaee ths aotual dates

of keel la+ng, launching, &nd delivering for each he%. The other

chart is actually a, bar graph plotting the hcill caepletim sequence

versus time.

Xn the Southern Marine Systems Shipyard the net syklhaa hss a

"plate cutting" date rathsz than a keel lairimg date. Sos this

yard does not actual1y lay a keel, m set the corresponding date

to the time &en the first plate of a ship is cut tu the tab Shop.

The launohing &nd delivering dates axe the same. Our schedule iS

as follmrs.
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The buiMing costa fm the ship aa a &ola are divided imhe

different catexgo&es.e %lese are isa' follcwsS

�! Hull, structure cost

�! 0utfitting ~ Hum I~a

�! Propulsion aaehinezgr costs

�! Miscellaneous costs

�! overhead costs

�! P fit

Each category ia furtber broken down to determine the total

building costs of the vessel.

The hull structure coat 1s base4 on an average steal mater'.al

cost of 4R64. per long tcn net might, Xnehsded in this ia t~a-

portaticn and covers special shapes,"~lding rods+ castings> Wri-

inga, and a ewinal quantity cf alminm and ~equal steels aa

we%. as ordinarF shipbuilding stea4

steel aaterial coat ~ M x coat per 1cng ton net ~~

~ Z9,333 x ~ ~o740~000

Outfitting Costs

outfitting eatmieX cost Q x «aterial coat per long ten

2~900 x/980 ~ +~+OqON

bull ~&~5 costs + x asberial cost per long ton

3,079 x 4me - g,WO,NO



Machinery Propulsion

In order to estimate the machinery propulsion costs, convsmtional

empirical formulas for steam propulsion were used. Mnce axr Ihi.p is

gas turbine propelled an estimate ms made from these of the material

costs. sataslal costs 8416,000 ~>000}
$+6,000 ~! x 0. S

47,ll0,000

Miscellaneous Costs

All of the foregoing gost8 have been conf filed to specif ic parts

of the ship. The miscellaneous, or nonwei+t costs~ must alee be

considered. In order to estimate the cost, the subtotal of material

costs for structure, outfitting, hull engineering, and machinery

were increased 10 per cerrt,

BQJ3ceDaneoLls cost 8 ~ $2p709p000

Similarly~ labor costs are increased by about 33 per cent for

miscellaneous labor.

labor costs 8929,000

Overhead Costs

Estimating the overhead is appxcvsiaated as a percentage of 3abor

costs The ratio of overhead to labor was apyraxbaated to be 70'.

This value is particularly sensitive to the level af hark and to the

level of investments in labo~aving devices.

overhead costs ~ 413~029,000 x 7 g ~ @~125,000



"ro fit

Profit was calculated as a percentage maalox~ ot the asset~

of Nl the neterkal, labor, and overhead oops M.s ~'sstieNtecm

to be l�C.

profit ~5/ fPAOQQ per vessel

Kstiraating

Fsthiating is an indepeidsnt Ceparhaaat m~H.M; to top

management because of the nature of its mz4g an-l the coo~pany ~

fbiential infoxmat',ion handled. 1' Purictiona of' the F.stiaatini

'!ep,".rtment covers three broad areas: cost estiraating~ prefab.ry

bu;I@ate, an:i contract a~hainistratian.

I,abor estie:~tea are pxepared f roe contract plans, specifications,

an" eaterial pick-off quantities. sweated materLal prices Wioh

-re not covered 'oy vendor quotations are assiined fmxa current

est,imating pri,cong data, In general yard 1'~bar ia suIIsa34sai hg

system Ln accordance Nth type of 4ork center or trede



KN-HOUR KSTBfATKS

Ran hour estij}aates ars calculated in a meaner eisdLar to that

af cost estimates, using e}apirical formulas. These estijaates are

broken up as foQ.owe:

Hull Structure

~-e '~ !85
l000

- <m OOO~00! 9
loa

358~ 500

This breakdoMn a.ssuines no subcontracting of deck covering or

!oiner work.

Hull Engineering

m- {o~+»

c - coefficient

YecMnery

~ ~{Mooo !'
l~ l98~000

Out fitting

IgH   M !e9
l

{51,000 2Q}»

~ l,779,OOO

g - net might of steel in long tons

c - coefficient based on an efficcient yacht

toO net might of outfitting A long tons

e - coefficient of average value

~ weight of hull engineering iteas
in long tons



The total cost of the vessel ~s basal on sn average heu9g

rate of 4P.7$.

total cost pex' vasss!. ~ $55~000~000



Tld.s is a table of offsets set np for acr sM.~et. Qe give

dhaensions in feet, tenths of feet, aalu hnndraaths ot i'eet,

differs ficta the conventional aaethoct of givhag offsets M test~
inches, and eighths of an inch.  Zxaaple: ZL-5 6 ~eh ~ as

Rl feet, 5 inches, an4 3/4 of an inch! The reasy he thee

difference 18 Ciitsnsicning is beoanse of olll' 84dnlar ocnstxLRsL&N

and neeericaUg controlled equ1peent which operates usini this

ST'PTZGN 0

Mate H.ine Mstanee Off Baseline

90.25'

4t
8

l6t
24t
32'
40t
48'
5$t
64t
72t
80t
88t
93'

41
8t

16t

32'
40'
48'

64c
72 I;
g! 1
88'
90 25t

3~00t
3 45

95t
a.'84
0,00 t
0,75'
1.85t
3 QPt
4.64t
6.98t
9.98'

15,00t
19o25'

6 50t
6.98'
6.72'
6.'50

9-75'
11.62'.,
14o2O'
l7.50t
22.00'
27'e98' .

34-25'
36.40'

et
Q,t
Qt
321
gpt
48t
56t

at
8OI
88t
93'

16C
241
32c
40'
48 I

64t
72 I
SOC

88'



STATXOH 2

Waterline

SETT,ON 3

STATXON 4

78 47'78 47'

4t
St

16t

32'
40t

64t
72'
SQt

41
8'

l6t
24f
32'
40t

56t

72t
88.5t

4t
et

lit
~t

4Qt
4et
56»

72'

M,ataaee Off Center1ine

l0,24t
U,.SOt

13-95'
l5 50
l7.00'
19-54'
22,49'
26.00'
30.46'
36.34t
44,00'�
5l.82'

l.5.00t .
19.00t '
22 45'
25.45' '
28.00t
30,25'
34'98t
38.46t
43
48-70'
54'00'.

2l.62t
28' 00t,
33.99'
37t75t

44.42'
48.00'
g..36t
55.98
59.25t'
62.50t

4t
8t

l6t
24t
32f
40t
48t
56t
64t
72t
.t
S7t

8»

~ x6t

32t
"4Q t
48»

64t
72t

4t
et

z6t
.t
32t
40I
48t

64t
72t



STATION 5

waterilao

41
81

l6'
24 4
321
40
481

641
72'
78. 20'

30 MI
37. 50'
45.20'
50 001
53.254
56.47
59. 50'
62.201
65.00
67.43
69.501

$4
e»

Xbl
.I

~I
56»
Q ~
72 I
78 204

44
81

161
241
32'
401
484

644
721
784

STATION 7

41
ee

16'
241
321
4.0'
481

644
72'
781

38,004
48.00'
56.44
61.00'
64.00»
66.U
6e,oO
70 001
71.82'
73.34'
74o75 I

50.00'
58.25'
65.15'
69,25'
Vow 97'
72 40
73.75'
74.56
/5 25'
76.00
76,584

24 I
pent
4Ot
48 

QI

76»

gt

x6
+I
32l
401

56»
641
'72 I
7g 1



ST!sTION 8

Waterline

STOLON 9

STATXON lO

4t

16'
24t
32 I
40'

56t
64t
72t
Tet

4I
8t

x6t
24t

at
48'
56 f
64t
72 I
?8 I

4t
S'

l6t
24 I
32t
40t
48t
56'
64t
at
pit

Oiatanoe Off Cerd~Xiee

62.OOt
68.50
74'00'
75-50'
75 99'
76.20t
76 50'
76.75'

7?.25'
77.50t

72.00'
76IOO'
7?.20'
?7.65'
7?-70'..
77o75'
77.80'

vv.est
??e90'
77.9$'
78 00t

74.25t
77-25'
78,00t
78 00»
?S,OOt
?8 0QI
78.00'
?8.00t
%.00t
78.00'
?S.OOt

ILeCasoe Of f' SaaaUse

4I
st

40t
at
5',t
64 ~
72'
7gt

4<
gt

Q t
+t

~t

64t
72t
at

4l
gl

Q,'f
3g 4
40t
4g t
56t
64t
72t



STATION ll

'Mater Ume

STATION 12

STATION 13

81
16'
241
32'
40'
481
561

72'
78 I

161

321
4QI
481

721
78t

8c
161
24 1
32'
40t
481
56

721
781

Ma%ance 0ff Centerline

74,00I
77-OOI
78.00'
78.00'
78' QOI
78'.aO
78100'
78,00'
78.00I
78 00'
78.001

68.20'
74.151
77.50'
78.00'
78o 001
78,001
78,00I
78.00'
7e,aOI
78 00I
'78,00'

$9o00'
68.001
75. 801
77-50I
78,00'
78.MI
78.00'
78.00'
78,00I
78.00'
78.00'

DieLR2NO Off' SlheelillO

81

241
3/1
QOI
48r
561

721
78t

4
gt

16
24 I
$21

' 40'

481
561
QI
72 I
+I

QI
8I

16'
241
$21
401
48t
561
641
721
$8 I

64



STATION 14

'!aterline

STATION l5

40t

STATION 16

4.5'

4l
8'

24I
32t
4pt
48$

64t
72t
78L

.40'
41

gg t

32'
40l
48t

72'
78t

4. 5'

16r
24 I
32t
40t

>6t
64t
72t
7gt

%stance Off CeaVejine

43 00t
56. 50
7L00t
75-45
77.20'
78 00t
78. 00'
78.00t
78,00t
78-oot
78o00

3.00t
24,.00'
40-75'
60.5ot
7L,50t
75.50'
77 20t
77.85'
78.00t
78.00t
78 00'
78,00'

3.00t
17.00'
45-00t

71,00'
75.00r
76o 85'
77.46'
77.75'
77 75'
774 75

e
l6t
~I
32 I
+7r
4gl
56t
64 ~
7Q I
78r

4$
8t

16t
24 t
3$t
4Ot

64t
-72 t
78t

81

xbt
24t
32t
40r
48r
56t
64t

78r



STATION 17

Waterline

STi TION 18

STATION 19

STATION 20

12'
16'
24 I
32'
40'
4S'
56
64t
72t
7S I

21.75'
24 I
32t
40t
4ef

64t
72I
7S 25'

28,50'
32 I
40 I
4S I
56t
64t
72'
78.45'

33'
401
4S I
56I
64t
72'
78,SOI

Distance Off Centerline

00
OQ I

49,00'
64,OOI
71,00'
74.40'
75.95'
76. 90'
77-00'
77.25I

3 QQI
22.00'

65.50'
70.00I
72.99I
744OI
75,00I
75. So'

O.OO'
41eOOI
58.00'
64.OOI
67.OO
6g.oot
70.25'
71.MI

0.00I
50,00'
56 50I
60,30'
62.75'
64 ~ 50'
65.90

16'
24 I

40l
4et

at
72'
78t

21 75'
24 I
32t
40'
4et
56t
64 I
72 I

7e.25

28. 50'
'32 I

4et

64I
72 I
7ee45t

33'
40 I

56P
64 ~
72 I
7e, 50'

6.6



The general arrangements for this ship present ~ unique

problems because of the cargo handling system. First, there could

'oe no longitudinal deck beams because of the aemoxekl crease~ thus

the hatch covers have to spm the entire cargo hoLd. The oontainer

cranes require a 30 foot minimm clearsnoe abc's the main deck thus

requiring the placenmnt of the bridge caepletely aft. The forward

structure is, therefore~ limited to a made of 30 feet.

The hold arrangement was dstemLasd such that the best possible

arrangeaent of containers could be obtained, Because of the possi-

bility of damage to containers caused by shipping water over the

bow, no containers were placed on deck for holds N. and f2. In

addition~ the forward be,wade was extended past the forecastle

deck to provide added protection fox the containers. The ship

carries 1,812 8i x 8.5' x, 4.0~ ccixtainers weighing 54, 360 Long tons.

The machinery space is located approxhaately three-quarters

aft because of the hull fom and the necessity cd' using triple screw

propulsion. Above the machinery space  which is 100' long! m

located the engine intakes and the quarters for the machinexgr

officers ard crew. Aft of the caxgo holds, the deckhouse contains

the messrooms, deck officered' and crews' quarters, and the naviga-

tion bridge. The bridge deck is located hi+ enough to provide a

view of the forecastle deck over the containers above main deck

level,-. The quarters arrsx~ements were determi3ned from present

practice using the PM roles that were applicaM.e.



The drawing shmn |e typical of the general arrengmeet of

the chip, giving the inboani and outboard pxofilea and a ply

view of the cabin deck. The cabin deck wae ahao used for a

typical aircoeiitioninig 1nsta.'llation.



The ship is broken down into six basic modules. The modules

are the largest existing elements of the ship before the actual

formation of the ship. Since each module cannot be exactly the

same in construction, some modules should be started earlier as

they are more complicated. 'Jose complicated modules consist of

bow, stern, and machinery «odules. The machinery space module

will b» designated as module A. since it is the eeet, co«plicated.

Following the machinery space module,' the order of construction

will be. the stern module, p2; the bow module~ g3; and then modules

44, 45~ and 46 will be started simultaneously since they are «ainly

cargo hold modules.

The stern module, P2, is very complicated in that it contains

the propeller, shafting, rudder, steering gear, aft deckhouse~ and

multitudes of curved plates. The bow module~ 03~ is started next

since it contains anchor handle~ equipment, fore peak, and

critical cumed plating and bulkheads such as the collision bulk-

head. The remaining modules are moor cargo holds with some

curved plating.

Once the modules are completed they are rolled into the

erection area. Here the modules are meed together in their last

stage of construction in the building area. They are moved

together and connected in this sequence: The beer module, W3, is

moved to module 4Q and connected at the same thee module g2, the

stern module, is movei to module 81, the machinery space module and

connected. The next step involves the combination of modu|les g3 and

84 moving to g5 and the combination of modules f2 and A moving to



46. Here they are connected and the aft end of the ship ~ remain

stationary. The final step moves the forward half of the ship to

the aft portion where they are connected,

Once the ship is asseeMed it is saved out onto the lannehing

pontoon where it is lannched.



STKKL OROERINQ ' SCHBDOLZ

Structural steel is the nest ijnportant acmstructicn aaherial

in a modern ocean-going vessel; therefore, it ie givtn prtoritI

over other materials. Mill orders are prepared hg the Engb~rlng

Deparhaent. Plate eises are selected fern piLsns and the plating

aedel. A detailed echedu3.e of erection sequeace is prepared and

from this schedule plates end shapes are overed according to

their tijse of fabrication. Steel is oeieied 60 to 90 doge iu

advance of its uee. This peri@.te Saatbern Marine Spat~ to

have a Id.ninon steel inventory but at the eaee thee it al,lme

Nor unsvoi.dable delays in the receiving of the sLeal

Plqreical tests of the steel axe conducted at the pilaos of

I . 5 A t I II ~ t

the ABS. If the tests are ceepleted satisfacto~~ the steel

is punch-Iiarked and shipped to Southern %arlne Sgsteas' steel

receiving area. The steel ie then stacked according to thiaknees,

length and with, and grade. Great care is taicen to eegreiate the

higher strength steels from regular miM steel because of the

serious consequences that ~d result if the tm types uere

confused.



CRITICAL PATH EXAHPKZ FOR

jmNlKR HOONp

There are often several meIAods- of conducting a given task.

In order to detente which method is th ~ shortest and fastest,

all methods or paths must be recogailed, considered~ and accepted

or rejected. The critical path ie the longest and most emgelmtv»

mthod of obtaining an objective. Most processes are tiaa limited.

Thne represents gains or losses in money Sinoe aoney is aan' ~

medi+a of values, he will natur~r foDow the sborlast and ~

economical path in reaching a goal in order to make the most

mceey. There are many tasks theegfmut the opezmtion of a ship-

yard involvtng such complicated tasks as plan sciw&31es to mech

simpler items as deciding different Ihifts in the eafeleria.

we have shown the critical path exile for moctule haokep.

This involves connecting the modules to complete the ship. %ate

are four basic paths which we may follower in connecting the mochQ.ee

to f'ore the ship. Other. paths involve the same time elemeai.a

except in a different order and may be cad.tted in this emampiXe.

The four paths ere-

EX&i !X EZIXBO
modules are assmaed

Path A, Path t2
C stationary g2 etaticeaary

5-C

6-C
3 4-5
4. 1-6
5o 3-4
6.
TOTAL

25 I
~ 25'

75'
a 75 I
F125 I

1-2~ 50'
6 - 1 ~100'
5 - 6 «150'
4 - 5 ~2009
3- 4 250'

to be epaoed at 50~
Fath g3 pith g4

g6 ataticnary f6 statiom~

1-6- 50
5- - 6 50! 4g3
2 - 1 «100' 5+4+3-6 ~ 50'
4 - 5 ~100' 2 - 1 ~ 50'
3 - 4 ~150' 1+~ m



Path g. is cad.tted because it contains six�! separate steps
and covers 500' in the process. It is obvioualg too long and

would result in a great deal of expense. Path g2 &0k setule g2

stationary wi11 not be used either. It is the critical path as

it contains five separate steps and involves 7$0i of distanoe,

Path g3 is better than the previous paths as it involves 450' in

three steps. However, path @. with Nodule g6 as staticINrg'

involves only three steps atxi 250' ~ This ie obviowalg the ehorl~

and fastest path. Ve feel this Iiehhod my be ak~atelg used in
saving both thee and money.



SUBASSKNBLT 88KAKDO'AN

Bach aodule is broken down into as~bliss. An aoaeehlg

consists of subaesenklies which in turn are coaposed of pieces,

fabrications~ and plates. In this aamer each parLieular piece

may be traced back to its origin. In the subassembly breakdown

we have take a subaeseably out of a typical cargo hohl bulkhead

assembly located at the forward end of %xiule g5. The subasseeMy

is shown with only the pieces required in the construcMan of that

subassembly. Often there are more pieces involved such as brackets

which go into construction of assemblies. These brackets are not

shown on the subassembly but an the assents drawing showing all

erection ccmpQQcnts~

The selected subassembly typifies bulkhead construetim as

it shows plates, stiffners, large webs and Ganees~ and Cat bat

stiffners. Each of these pieces is shown in a separate driecb~

showing its siss, dimensions~ and type of NateriaL. Scca pieces

are fabrications which consist of two or more pieces Natgr angles

and tees are fabricatians. Each fabrication drawing consists of

the pieces required to construct the fabrication Kaeg items

such as angles are used throuihout the huD and differ eel in

length. These pieces are designated as standard. drawings and

reflect one piece n|suber. Other 1.ocitions for this piece aeg

refer to that drawing and call for a diffe~ dimension.



MA2KHXAL IUEIITZFXCATKN

Most procedures in our shipped center around the modem

production line technique, as does the material idsetitte~m

system. Raar mater%ale such as plates and shayse are oology

coded according to third.r chemical makeup and siss A ecmputer

keeps a running inventcrF of all plates, shapes, mnd material~

the location of each~ and quantities available. An idsa&fieatioa

number is placed an each piece as that piiece is cut.

The material identiNcaticm system employed consists ot l3

digits. These l3 digits give the-exact location of each piece

in the ship.

Example:
hull neaber assembly mumber fabrication nmbet'

l
606-1-3~10-LR

module number subassembly number pitece number

number designation

first 3 digits

next, digit

next 2 digits

next 2 digits

next 2 digits

last 3 digits

hull number is a 3 digit number

module number is a I digit mmber

assembly mmiber is a 2 digit number

subassembly number is a 2 diQt number

fabrication number is a 2 digit number

piece number is a 3 digN aueker

000 999

0» 9

00- 99

00- 99

00- 99

000 - 999



Xn a jaodule drawing the hell. aeiber aad the «elle» somber

are the cwnly numbers recyd.red. Therefore~ the ~in%ac mabers

are designated Nth across. There are also any &I~IN aefL

as a lines pic.an dra~g which ~ contain a hall aeeber adg

leaving the teaahdex of the neabexe as seroes PCe the AN

drawing occurring 1n this wanner an alphabetical 11st is

caiiyosed inclei1r~ all of these "no nuaber" drawhqga. % feel

that this system is adequate for the l'ew draiiingS of tkLLe type

pertaining to each ship. This gpetea 3eada to less omhsaiee

for the hymen in the field as themy vill probably never see .aIO'

other type of dxaWng.



PLAN SQQRUIZ

'ihen constructing a ship cavy plans are require. Obviausly,

soas plans will bs required at an earlier date than others. k plan

schedule is a list of required plans in the correct emaetruction

sequenc». This enables the various departments in the gerd to

call for certain plans at the pxopsr.thee, This insumes ava5.labilitg

of the plans and reduces ths possibility of misplaced or foriotten

plans. There are amer drawings which are considered standard

drawings~ such as details, doo~, electrical fixtures, yiluiiMng

fixtures, etc. The plan schedule aust detemime the tiisss shen

these standard drawings wiB. be available and needed. Vo peeve

the necessity of a plan schedule the outfitting crew wouhl not

want the portable furniture layouts before the final painting

plans o

To further illustrate the necessity for a phd schedule a

fe» drawings or plans are gi.van below in the respective plan

schedule:

Cabin 3sck General P.rrangenent Plan

Cabin 3edk Structural Plan

Cabin Deck Penstretions Plan

Cabin Dsok Llectrical Plans

Cabin 9sak Piping Plans

Cabin Desk Ventilation, Heating, and Pireonkktioidng Plans

CaMn Deck Insulaticn Plans

Cabin Reek Paint Sehe4Qe Plan



CSRTZFZCATX0% AID GUARANIES

Xn coepliance with the fol3.owing retulating bodies; l! haeriean

Bureau of Ships, 2! United States Coast Guard, 3! Unites States

Public Health Service, 4,! Federal GoIIaunicaticns ~saice~ and

5! the United States Custoss Department, Southexe Marine Spate~

Wll present the following certificates to the amer upan delivery.

Seaworthy Certificate

Load Line Certificate

3. Anchors, Chains and Tbwlines Certificate

4. Bull Classification CertJ.tieate

5. Loading Manual

6. Machinery Classification Certificate

7. Safety Construction Certificate

8. Inspection Certificate

9. Stability Letter

10. Safety' Ected.anent Certi ficate

ll. Derati.sation ExeepM.on Cex4ificate

12. Certificate of Sanitary Construct jan

13. Safety Radiotele~ph Certificate

l4. Radio Station Lieasaee

15 Certificate of Adseasureient

16. Official Neaber Certificate

l7. Haec Port Certificate

ks a service to the ower' Southern Karine Systems eLll turn

over the foDowing plans awk aanuals.

l. Master Ca~enteri ~ Certificate

2, CerM.fieate of Deadweight

3. Register of Cargo Gaar



4. List of Imstructicne locke

5o List of Plans

6. Vrha and StabiU.ty' Rook

Xn addition to the preceliag certificates~ Soihhbeml Raa4ue

Systems wilL present the owner with a ~~~nth geaeertee ea

performance and against failure of the ship or its agkgaNrh

as a result of material defects or fmiktg ~zinelnel6p~



~ ~ ~ g ~ t 1

MZDSGP NCTXON %%LOS

The eidehip aeotian of the 1,149 foot coatainerahi.p ie of

atandard design except for the box girder, whee fom' vert'.oal.

Xcagiteiinal bdkheada help add to the longitmBnal strength

All plating in the box girder Ls tm inch �~! thick 47,000 yf,eM

steel. The f'oDowing table gkvee soae of the property.ea of thia

hi+ yiaM steel.

47~000

88~000 max.

-60 to 0

no 1iMt

relative cost, Dec. '63,
ref. ASS Class "8"

.l8 max.

1.30 aax.

P eax.

S Raxo

yield strengLh~ pe  - aka.

ten@De atrength, pei Ilin

elongation in 8" - C

approx. ~ range

available thickness range

.l5 - .35

.3.5 max.

g25 Sax»

~ 06 ohQxa

.02 min.

i35 saxs

,00$ min.



The foll.~ting are the requirements for both top and bottcea

of the ship according to the American Bureau of Shipping.

?4ild Steel 444~000 in ft

HSS {4"/~000 yieM! ' 329q000 in ft

Ss WSX<

~100 000
7+0

~100 000
135~000

Q~.74

ss m,000" va

329,000 in ft�

Y ~ ~7~000
U 88~000

X 2 .l 6 ~69 0 . 2ft
Q 3

As the figures show the ship is ever designed for the midship

section madul~N is considerably larger than Xt need be according

to ASS. Southern Marine ."'yet.vms therefore recommends that Wth

the owners permission the midship section be modified to bring

5.t into closer agreement 14.th the mquireeents of MS,

'the actual SN calculated by Southern NarLea Systems using

47,000 yield steel in the top to the bottoa of the box girder, and

in the bottcm until the upper turn of the bi3.ge for the entire

midship .4.L ~as:



The Southern Marine Systems yard is equipped' w5.th a xwkto-

graphic laboratory wMeh contains X ray ety4peeei~ redieLeabges,

ultrasonic testing eqafyment, a dark roea, exL equipment fom;

inspecting pipe and sswll castings. portable eydyaeit La 4eheo

to various parts of the yard to imsyeot abips and larie pieces

of ~zoic as reyd.red. High pressure stesi piping p4As and

~ x r khan ptl

and ILLch of this inspection is done in the laboratory md'

large I-ray machines which may be moved about the shielded

port,ion of the laboratory. Ttd.s is an eeonosic adventaes in

that it saves time and tuoney. The XaboratorF is alee ecplpped

with surface inspection equipient suoh as ~tic particle and

liqoM dye penetrant.

Sub-surface inspection of hull welds is a renew type of

inspection aimed at maintaining webbing quality at a high levelo

Nondestructive subsurface inspectiaa is accoip.'Lisbon + radio-

graphy or by ultrasonic means, Inspection of the mlding of

the main huU. structure is confined usually to the midship,

three-fifths length and concentrated on the upper strength leek

and bottoa shell where the plating is over ik inch thick

Aocord9lg to recent merchant ship speoifi.oatiohsp there are

150 to 350 specific inspections for hull welding PractieaUg

all of the locations are in transverse butt welds and we&

intersections in the vicinity of the gunwale, biles, and hat'ch

corners. Southern Aarine Systems institutes a sgmheiatio

inspection as a yard quality control function and~ at the s~

time, as a means of meeting classification society reqeiresente.



%here law alloy steels are used, an incrsaee in the squired

aaount of inspection can be expected.

N,th respect to locations te be inspected, it is A@or@mt

to note that where ex4meive deck or shell fractures have ocmeed

in butt-welded types of !oils, essentialIy alX fixtures devel

oped in transverse bett we3.ds; that 4s, in tbs highly stressed

areas of the deekg and. bottam, m4 in fore-en~ seIII wells>

Acceptability af weMs is govexeed by the particular type

of weld condition and ths locate of the we1d in the ship. Since

classification societies have rather general requixensnts for

guidance of their inspection force as ceiards subsurface «xaa

ination, the shipyard snd inspection force must exert,se care~

$udyaent on many occasions.

Nost subsurface inspection of welded plates is up te about

1 j-inches thick is carried out with portable X ray equiyesnt.

The results ars recorded an photographic filjw~ generally l7 x Q in.

%hen the I-rey machine is in operation, the inwmdiate area Inst

be roped off for about a 20 foot radius to keep workers flea

walking through the radiation sone. As a health precaution~

radar.ographers carry film badges which measure radiate.cn expoeure.

The badges are checked at frequent intervals.

For inspection of the thicker plates or eaathlge~ a recUm

isotope such as cobalt 60 or Xridiue 192 is used. 5ae health

precautions are seeewhat more restrictive than requirement

fox X-xey inspection. The inspection xeaQts ars recceded on

photographic film~ as in the case of X-xey.

This type of inspection ie frequently used for 1arge tubes

and pressure vessels. ~n a butt weld of a larie tube of am''

thickness is required to be radiographed~ it aey be advantageous



to place the capsule in the cents~ of the tube and record the

results on photographic fi1m previously placed all around the

butt ~ld.

Ultrasonic testing is a relatively new method of inspection

and is used in conJunction with radiography. PuLsed sound is

Sent through the steel and is reflected by any discontinuity in

the steel along the sound beam. This method relies on a portion

of the surface of a defect being essentially perpendicular to

the sound beam. The reflected signals ara observed on the

oscilloscope. An ultrasonic beam introduced perpendicular to

the plate surface is especially valuable in detecting lamina%.ons

which are paraDel to the surface, but it will not easing pick

up cracks normal to the surface�Therefore, in checking for

defects noxaa3. to the surface~ the sound must be dixvseted into

the plate at an agle. Interpretations of the oscilloscope

indications are made by well-qualified ami experienced personnel.

Magnetic particle is used to detect the presence of dis-

continuities at or near the surface. It is used on magnetic

metals. This method of inspection is most useful in repair of

castings and heavy weldments, especially when cxactcs or large

defects are present. It also can be used in contunction with

subsurface inspection.

Oye penetrant is used to inspect weldments in noanagnetic

piping. The follawing prerequisites are met before this type

of inspection is used!

1. Penetrants must conform to rigid standards controlling
to&city flammability, flash point, halogen point,
and other contaminants.



R. CLean test surface: get rid of cont,aminants

3. Control taayeratuxe of' test surface

4. Adequate lighting and. ventilation

Getting a anooth enough surface finish befoxe you inspect

saves a lot of thee and rework. Surface roughness may present

stress riser conditions, but this condition isn't so severe as

a crack or other obvious defect. A lot of the nuisance variables

associated with dye penetrant inspection are elijainated by

closely following specified thee aLLotIIsnts for each step of the

process. The result is efficiency, reliability, and repeataMLity,



The Southexn &fax~a Systems integrat,es into the construct.icn

of a ship welding sequences. The main purpo'es fax using specific

sequences in makin~ welded joints is ta control shrinkage�Bg»

controlling shrinkage,, dist,artian and dimensional chaiiges may be

minimized�Furthermore~ the welded structure may contain residual

arid reaction stresses, locked-xn st,resses, which may encourage

crack initiation. Also the greater distortions present, in welded

structures may induce additional stresses� as an exmple, when

initially cux~ed plating is subjected to edge compression. Xt

is therefore ."=';-".en4ia1 that in welded ships the coxrect, welding

sequence must bc followed.

The welding sequences that we propose are bath simple and

px'actical as possible, Being simple, it is easily understood

and therefore is likely to be followed by everyone concerned.

Also if it, is practical, it, will not interfere with production

requirements or with the placement of a sufficient. neer of

men cn the !ob.

A welding sequence Ls the order of pro~asian in the making

of related welds. Most ship structures consist af plating and

attached reinforcing members� The welded sequence of these

attachments must be coordinated with that for the plating. To

reduce fairing and shrinking opexat,ions, an increase in!Gating

Rust be used i f the weight margin peIQL.'hs<

The effect of welding sequence is more ful3.y realized

when the issmbers of the joint, have no external rest.raint.



'hen the joint members are not free to move, the effect of the

welding sequence on shrinkage is dependent upon the nature of

the external constraint. Southern Marine Systems adopts

several types of sequences of which the following are the most

coslaon I

lo Carltinuous ence. A longitudinal sequence consisting

of passes which are made continuously from one end of

the joint to another. This is used almost exclusively

in autaaatic welding.

2. Bsck-ste s ence. This is a longitudinal sequence

consisting of weld bead increments which are deposited

in the Iirection opposite to the progress of t.he we3.d.

3. S etrical back-ste se uence. Melding proceeds

longitudinally from the center towards both ends of

the joint, using the back-st,ep sequence.

Multi-pass welds are also u.sed which include: built-up

sequence, block sequence, and cascade sequence.

The main considerations in making a welding sequence are:

l. t+lding of stiffenec.s to onIy completed weld attacheent.

2, Do not run a weld into snot,her weld perpendicular t,o it.

3. always weld a@metrical as possible.

P1mys weld up and out, as a gener& rule.

'~'hen making a weld sequence mary' other important considerstions

must be made. Ceod accessibiI5.ty is most important. Overhead

welds should be reduced to a minimum The complexity of the

structure should be reduced as mph as possible. This prevents

small welds of bits and pieces. The sequence of fabrication

must be considered. This ensures that the structure can be

built in such a way that locked-in stresses due to welding





MAIN PROPOLSXON LRSX!g

re~red jsain ptopulalcsL 40$Llhos lN?e gas turbiLQSJ.

'.i'ith the ealerQation of the required horsepower of 165,000 hp,

a gas turbine was ehceen &th capabilities of aoving the vessel

at the reqii~ speed. J~ FT g R-~ gas turbine~ manufastured

by Pratt and '. hitney JCreraft, is use4 ~eh prcdoces 28,800

free turbine shp. These ratinis are based at NP F aud sea

level �9.92" Hg abs or 14.7 psia!. This turbine is reoaa-

aemied for base pcwer plants &ere expanded tiae bet~ over

hauls is of' priae iaportanoe The aixban specific fuel eceamp-

tion is 0.53 lb/shp/br. baaed on fuel QP of l8,500 IN</lb.

The Naehinexy layout inoludes aix�! P? 4 P.-l4 gas turbines

produetng a total of 172,800 inal~ed horaepeeer Eaah ae~

ie propel.lel hg two PT 4. A-14 gas tuALnea The pcwer trans

aisd.cn systea aakes use of a single reversing reduction gear

for the oenterline shaft and standaid seduction gears for the

outboard shafts. AQ. three soreMs have NLxol yitcb propallers.

The reduotion gene are ooupled to the maine gsa turbines~
I

elutehes attaohed to the gears prceide for disengiqgng frae the

ahead aeie and transfarting to the astern no&a

The aain engines ace aounted on a raft ~oh ia dimcQg

sttaohed to the reinforoed inner bottaci. Care aust be taken

to keep the engijems and gearbmss aloes to avoid the need far

axeessive ooupling shaft lanith. Other faotors in the desiga

of' the engine foundation that aust be oonsidered uould be vibration

aIMLLyiia, thecal effeata of amcpsnaice, shook IIcw~ta, and the



effect of roll ax! pitch of the ship, The foundation must be

capable of transferring the load into the existing structure.

I.n oil sump is provided in the inner bottom for lubrication of

the reduction gears.

Mesel auxiliary generators are installed for ~W seM.ce.

To calculate the necessary effective horsepower of the ship,

Taylor's standard series was used.

Necessary data ms given as follows:

5hip velocity ~ 2S knots

L','L ~ l~ll4 ft.

o949

Cp ~ ,598

Beam l56 ft,

H ~ 35 ft.

From this data, the following values were calculated:

C  factor f'ar wetted surf'ace! ~ 16.1

~ 2,22

T 8.78

"T x Q x V x 0.00307 ~ 74,600 Hp.



Qelivere4 horsepcwer was caleulate4 as follows'

M>~005

t ~ 0.12

the installe4 horsep~ requi~t ~ R ~ l.O

then aalaalatad asian 3g loss ia effiaimaf !O 0.67
4ue to frictim frea bearings en4 using a

shmkard 2' allowance fox losses during serriee Rife at

the vessel.

3P ~9T yy 165' 000 hpDHP



PI?XNG '

The tuel oil Napping consists of three separate eyeteeth to

prcnrile adequate gael to the turbines, These are all pxovtiiied

with cmergencgr crossover valves, h clean gael oQ. supple enact

be provided to the turbines. The first stage of protection

!sakes Use of OelatriAlgal separating purifiers ill trens5lrrLng

fuel f~ the ship'e settling tanks to the servioe tanks. Fuel

boost ape take fuel from the service tanks for a second etage

of cleaning in duplex filter ooaleeoere For emergamy operate

during power failure «ituations, a header tank is med. The

header t~ operates an gravity feed which suppiliee a limited

amount of clean fuel The turbines aust be supplied with clean

Arel in order to operate at msxiaum efficienqy

kn exemple of a fire main eystm was chosen to represent a

piping plan 'i.e also calculated the cise of the fire peape and

other necessary data. The fire main is often used for services

such as deck washing, tank aleaaaing and anchor chain washing~

which do not interfere xLth its bs&e fancticsas. Sea water is

the baal fire fighting medium.

Tio calculat» the required flow, three ma+r resistance

factors were considered. These axe head loss, loss of head due

to frLeticn, and loss of head due to velocity.

The cise of hose used wae Q" with tm �! erifiose at

7/8" each. The pump shall be desiyaed to deliver water eiim1

taneoua~ from the two highest cutie@a at a Pitot tube pressure

of $0 ysi.



flee thro~ the nossle:

Q~VA

a - e.6 ft/~ x .any ft2

Q > 0.357 ft sec - per nossle

Delivex4ng mter to tm nossles siea1tanaoualy:

~ ~ 2 x 0,357 ft3/sec

0 " .714 ft /sec � per pwap3

using 4" pipe few peep to nossle:

A ~ l2.6 in ~ 0,0875 ft 2

C. ft3 sec 8.15 ft/see
0. 5

heal loss t/ue to frLaticni

Reynolds nusber ~ PVL ~ 2.2 x 105

tieing galvanisai +pe aei a relative toughness - of .{XR. Fma
9

this, a fricLion factor cam be found to be; f 0.02

Equivalent length Cue to loss in fittings:

gate valve �! ~ 66'

elbow 90 �! i 60~

equal tee  l!

Length of piping: 436'

Loss of hea4 ~ f ~
D

4

8 ~ 42.$ ft

Eqe5,valent P ~ lP 5 x g 2,720 psf ~ X8.9 pei



p 94 x 64 ~ 6,010 pef ~ 4l.9 pei

Tot.al re-..uired pressure ~ 41.9 + 18~9 + 50 ~ llOi8 pe5.

Using efficlenag factor of 8.t

f oreepawer required ~ lip.8 x 25 8 hp
5 x

Elect&eel effieiaaoy of aeter - M

30.$ Hors~wee 22.6 Kilcwatte
.85



~.~'.Lrq;. to EBS the least diaaeter of the tailehaft was

e.",.lru .,:..;-; ~' ,t.o 't~ 34.59 inches. The ealeulationa are:

3.irieehaft - solid shaft

d»e

e»constant».87$

H» BfP» $$,CS

k» -constant » 64.

rpe» 109

d» .875

SI5~2,2N

d - .eV5�1.S!

27.$2 inches

t a11ahafs

T» 1.14 d! + P

e» eceataat 190

P prop. dia. in ins.» 288

d» diaiieter lineehaft!»27. gR

T» 1,~�7o82! + 288
95

T» 31.71 + 2.88

T 34 $9 in solid shaft

jai~~~ soli' ..orgcd shaft was seleated over a hol1ov shaft of

.j~,,~.',v b. ~';- at,x ~nymph becauaeg l. the ho&or shaft woold le more

,.:r. -.Jt-,", ~ t;.> buili and install, 2. produced very little weight

. 'nd mould zeqeire aors eoupkings dm to its shorter

200

tl e t7pe ard design of the lineehaft and tailshatt mre

ie;.i.-i 'i a eu., !o emminatim waa made of the shafting details

.h x:~ .I~; i. d.ealwo04. Xt was a~i discovered that the deadwcod

t'tax bearing to where the shaft re-entered the jaain

xIJ a.'. 0 feet, long/ Also' it was orQg 8 feet wide at the top

,aalu  i fe'~, ~<Re at the baseline. After the shaft is 1oeated in

:.its y,.~~p.~:" posit=on there is ceQy a 30" easel~~ between the



shaft and the side of the deadwood. This distance does not take

into account the bearings and couplings that east be locate4 4n

this short space. A single shaft 80 f'ee5 long oaamt be considered

as practical because of the difficulties of fabrication and

installation, and if this shaft ever broke it wouhi involve a

tremendous expense to replace. Also there Xs no space for a

walkway alongside the shaft for inspection md lubrication

P.ll the preceding factors have convinced Saethern .4arine

.:ystens that the design of the deadwood and tailshafting arrenyw

ment jmust undergo a thorough redesign. Goethe.w '.large Sgsteas

is in the process of fomulating a solution to thai problem.

A detailed proposal wiU. be submittei'for approval that will

give the economic, time, and structurml factors i-~nsidered in

the proposed reie3iga of the tailshaft,



STRUCTURAL PLANS

Southern Marine Systems recoyd.ses the larm amber of

structursl eeibers that, go inta a coapleted ship. As a repre-

sentation of Southern Marine Systeis' ability to desi~ std.p

structures, the coDi.sion bulkhead and rudder yiLans will be

~~~sented. Both plans were designed to the specificatiam of

the ABSo

The col]isicn bulkhead is the jsost haportent subdivision

bulkhead cn a ship. This bulkhead mst ~main intact after a

collisim  at the bow! in order that the dseaged ship can nake

it to a port for repairs. The col1%eicn bulkhead is therefore

heavier snd/or stronier than any other subdivision hdhheal

Furthermore, this bulkhead Ls required to be not less thsn

ans twentieth the length L/20! of the ship and not nore than

one-tventieth plus ten feet L/20 + 10! fraa the fete perpendicular

The location of the caU.ision bulkhead an the 3.,349 foot

containership is 55.70' aft of the fore perpsndioular.

distance is exactly equal to L/20. Forward of the collision

bulkhead is located the chain locker~ 33.67' above the baseline

and the stores f3.at located 68.16' above the laec6isa.

The bulkhead was designed to neet the requi~mts of

Section l2, "Watertight Bulkheads", ABS. The plating thicknesses

were calculated and standard sises were used then~hW' in order

to reduce the nunber of plates of 4kfferent thicknesses. The

stiffhers were framed hariscntagy  toe down! because the hori-

scntal direction had the least span of unsupported Zenith. Ia



o&er to reduce the siss of the stiffners, a vertical girder

exterding from the CVK, Centax' Vertical Keel, to the stores

flat deck and two girders eight feet  8'! off centerline eahen4

from the stores Hat deck to the jaain deck.

Horisontal ebs at the chain locker deck and the stores

flat mre added in order to support the vertical girders an4

to distribute the stresses into the main hull girder

Rudder

The t~ rudders for the i~149 foot cantainershipe are aemi-

balanced, streamlined, and attached to a rudder horn. The rudder

area�25 ft psr rudder! is 2.1g of the product of the length2

between perpendiculars and the deaiin draft~ which conforms

closely ta merchant practice.

The rudders are designed to be turne4 3$ to port an4

etarbcex4. External rudder stops shall be A,tte4 to prevent

the rudder fran being tuxned to a gxeater angle than 35,

Raider construction is similar to that of the 20-haot

Mariner Class vessels. The rudder is suppox4ai on the hoxn an4

eonfoxms to the shape of N.A C.A..OXLO apawArieal airfoil.

Xnternal stiffning is provided hy horisontal and vertical debs

of 24. inch and 36 inch spacing respectively. The leading e4ia

and trailing edge bars are castings and the vertical and hori-

sontal debs and rudder shell are 20.4' plate. Since the rudder

is of the closed plate type, special closing arranesaents ate

necessary



STRUCTURAL DETAILS

On a camplicated modem ship there are thousands of struck'ural

details that the shipyard Rust design .boost of these structural

details are fairly stanMrd because they serve the sane purpose an

5ifferent types of ships. The two sample details of the bulwark

and hold frame bracket are examples of tMs.

The bulwark shown is fitted as a protects to perLVIN1

walking on the main deck and cargo deck. The bulvnek is of the

floating or free type because it is not attached direoQg to the

main structure of the ship. The advantage of this armmga~t

is that, the bulwark is not welded to the sheer strake and t;mrefore

does not aet as part af the ship girder. The six inch openi:~g

between the bulwark and sheer strake provides freeing space r'or

water on the deck to escape overboard.

The hold frame bracket is necessary in order to prevent a

"hard spot" from fox+i.ng where the hold frame is wsMed to the

tank top. The bracket is made large enough to provide adequate

fixity but need not be any thi,cker than the web of the hold fraas.

A sloping chock is welded to the tank top and inner bottom floor

where the flange of the ho& frame bracket is mlded to the

tank top. This is again done to eliminate a possible "hard spot".

SEA CHEST

In the design of the sea chest the most important aspect

considered was the stress raising effect of a penetratiae in

the strength envelope. The penetration therefore must be rein-

forced by one of the following three ways; l. doubler ybAe,

2. face bar, or 3. insert plate. The insert plate was chosen

229



to reinforce the Opening because of its easier fabrication~ weight

saving, and for less interruption of flow around the hQ1.

The eea cheat shown is loca.ed in the "D" strake of bottoa

plating below the machinery space double bottom. After the

method of rsinforoenent has been selected, the thickness of the

added material must be deternined. Using an optiaaNa percentage

of reinforcement of 5 g Guide to Sound Ship Structursa, 0 "Arehanielo!

the insert plate thickness was calculated to be two inehee or

 86.lgPl.CH!o Next a strength check was run to make sure that

the opening did not cause a stress over the yield stress ot the

material. ttslng a stress concentration factor of 2.1 and an

acting nominal stress of 4.88 tons per square inch~ the maximum

stress at the penetration was calculated to be 10.2$ tons per

square inch or 23,000 psi. This is an acceptable stress because

it has a 2.02 factor of safety against yieMing.

The sea chest is covered with a metal grill or grating to keep

out foreign matter.

PENKTfU;TION in STREMG5t ENVELOPE

f'a g
Z N 1,461,421 foot tons

2 369 000 in

if ~ 3.96 tone/in

Hole 18" x 18" x 1.31Plate 8' wide x 1.31

Ah ~ 18 x 1.31

Ah 23.6 sg.in

Ap ~ 8 x 12 x 1,31

Ap ~ 126 sq.in.



Percentage of reinforcement ~ 2a x 100
A

.50 2a x NO
~23.

2a 11.8 sq. ia

�3.6 + 11.8! ~ 18 x t

t ~~
18

t ~ 1,97 in. Pl, Uee 2» Pl
86.XAm.

Stress concentrati.on faster

w use 3.24,
b

k~r~.30
b

k~21

n ~ 4.88 tons/in2

g sLax ~ 2.1 x 4.88

f lax ~ 10.25 tons/in

0 - 10.25 x 224,0 0 x ton
ton

 - 23,OOO ~

f.s. yieM 2.02

n ~ a 6x1. 1 -3.96tonxg 4.88
78 x 1.31



Rats have traditionallg been a constant seam of troibXe

for man. Rats carry diseases, destroy man's possessicnsg and

interfere w},th his economic and physical well-being. TIo eliminate

tM.s source of trouble Southern Marine Systems de~s aIMI

fabricates the ship in such a manner as to eliminate ce' render

inaccessible those spaces which mar afford a rat harborais Or

be a source of food or water for rats.

% aceomp&.sh this goal Souther@ czarina Systems foLleee

the detail zequirements of the "Handbood on Sanitatiaee ef

Veeeel COnatruotion", United Statea Peblio Health Service.

The first detail shoes the arrangmisnt of multiple and single

cable penetrations of a steel bnlichead. The second detail

Shcws a pipe penetraticn. Xn nO Caae Can en Opening be greater

than $ inch at the least dimansion



The lifting arrangement is shown on subassmsb3g Io. 7 of

module 140O 5o This 810basseslblg is pQ4 of a typical transverse

bulkhead. The weight of the subassembly is 44, ~ 58 long tons and

the center of gravity is located vertically 20 feet fzaa the

top of the subassembly and horizontally X4o5 feet fete the

outboard end. The subassemMy consists of pilating~ sti,ffnmrs~

and girders and webs wfd.ch have a depth of S'~ and fLsngss

of 50" and ~" respectively.

ll~~

subassesb1g~ the method of construction must first be «Iylakned

Xn the panel shop aU. the individual pisces that eence up this

subassembly os together. The Q.at bulkhead plating is welded

on one aide and then flipped over and «elded oe the other side.

Next the stifthers are attached and foH.cnesd by the vertieaX

girders and horizontal webs. The pad eyes are then attached

to the vertical girders and the subassembly is then shc4 blasted

and prlied and taken ta the storage area. At the proper time

the subassembly is lifted by a large crane with a load sprsader.

The load spreader has the advantages of producing eadem tension

in the pad eyes, and the rope between the crane and the spreader

can move horizontally in order to place the point, of load and

point of support in the same vertical plane.



TMo pad eyed are Pequixocl to lift the subassesbly. P44 eyes

VLth the fcllcwing diaeneiOnd are reCCmaeged.

2,4 cita

Considering the hole in the pad eye as a Neet hole ie a piece

of pla~, the four methods of riveted cocmmstion failure were

investigated. The results ave:

29.9 toesShear oe bolt

Bearing or crushing
of plate

Shearing of pilate

58.2 tons

54.6 tace

Tdndi3.a failure of

plate 31 toes

The shearing of the bolt was the critical method of A5Lure.

The actual load on each bolt is 4458/2 or 22.29 toes. The factor

of' safety is therefore l 34.

Also shown on the slide is the Iethod of gining subaeseliiQLes.

The plated and Stiffnerd aze Qg+ed and the Stiffnere are le

loose for 4. to 5 feet from the end to facilitate easy allignaecA.





Our eMp ILakes use of tm commercial stockleas anchors per sMp,

4 ~ dieplacaaent in long tons

L ~ length of' ship in feet between perpendieQars

Fs fsvl ~>5

whe pe '

Fs ~ skin friction force

f ~ constant

s wetted surface area M ecyxare feet

v ~ velocity of current in knots

1.825 ie a constant exponent

The propeller drag force is found ~:

Fp 3.17% Ap

Fp ~ propeller drag Force

V velocity of current in knots

C pro!ected area of' prope3Ler Mades ehnaa the hub
divided by the propeller disk area

Ap pxope11er disk area in square feet

Zn order to get the required anchor weight in air~ a constant E

is used which is the factor for transient loads caused ly wave

slap and motion of a ship while s~~ at ancbox.

Z ~ 1.00 for submarines

Z ~ 1.25 - 1.50 for destroyers

Z ~ 1.50 - 1.75 for large cruisers

Z i 1.75 - 2.00 for merchant ships, aircraft carriers, and
naval mxiLiax4es

The required anchor weight  in air! isx

where Hf':f ie tbe ho3,ding power to weight ration for the anchor
selected.





Fp - �!�,930!

Fp 4! 7%f

R ~ Fv + Fs + Pp

R 22~900 + 18,450 + 14~790

R ~ 56,14M'

Required anchor weight in air is:

W ~ ZR

Hr

98lxlo

4-7

t~! ~ 2.09 x 10

N ~ 20~9097

Chain siss and scope are detezmlned to suit the anchor siss

and the depth in which the ship will anchor, using the foU.owing

catenary equation:

Mc H or Ac ~ H
.87Ac ,8''c

Ac < .>c 2

~y
�!

where j

Ae catenary parweeter, determine from equation�!,
using assuned scope of 180 fathoms

.87 constant to current chain weight in air to weight
in water

25.5



Sc scope of chain in fathams

The required length of chain to reach from the hawseyipe

through the windlass to the chain locker~ must be added to the

calculated scope. Since the chain ih procurred in 15 foot/

fathom or shots, ths length of chain must be the next full

multiple of 15 feet/fathom.

H~ZR Ae Sc
2

2T
H - �.75!�.M x lo"!

H ~ 9.81 xHf Ac ~ 60 2

244 2

Wc ~ 9.81 x 10' Ac 12 jl~600 22
88

Mc ~ -9.N. x 104 Ae 1,316

Wc ~ 8.56 x 10

'..:c ~ 856] /fathom

Standard anchor 20,900'~ proof load 208~8008

Standard chain- 3 7/8" Unk - 360 fathaae

Chain proof load $40,095 ultimate 771,$0QF

The chain weighs 12,85Qf'/shot ~ l5 fathoms chain We ~ 856 g/fathom

y water depth plus height of hawsepipe abova water

laic ~ chain weight in air, pounds per fatham

Determine chain weight using equation l!. If calculated

weight faU.s between chain simes, uee the next larger chain

siae. I!etemine the required scope of this siie chain by

using equation�!. The static load tactor of safety for the

selected chain may be determined by:



.87 x

7.715 x 105
9. 1 x 1 + 3. x 1

7.715 x 105
98 xl + 2.9x

~ X

7o715 x 105
9. 1xl + 2.9xl

PS ~ 7,715 x 105

Fs ~ 2.1

Chain pipe siss:

where; d ~ inside diaaeter

Chain locker siss for a corarnereial stud links

VR.751d
2

V �.5 x lV 1!� 6 x 10 !� 875!

V - �.7 x 102!�.498 x 10 !

V ~ 4.04. x 10

V ~ 4,+0 cQofte

Horsepower required for wirdlass:

HP ~'if+ wd

Si 5

where; Vi ~ might of anchor

A cosnercial ship aesop be capable of
Mfting 2 anchors free a depth of 30 fathcae
a+. t.kA 'fotA hf /1 'blitt ~A/Ihh 092-

H? ~ 538

Cp~gd

Cp ~ 6o5 x 3.875

Cp ~ 25.1 in.

e ~ vt/fathcce of chain

d ~ deyth in fathaae



KLKCTRICAL . LAN

Zt is well understood that electrical systems genere1lg

contain an infinite neiber of parts. Therefoxe~ Southern Marina

System prefers to handle coeponents rather than parts &craver

possible. The drawing, shown reflects our navigational lights

systee. You may note that the lights plug into the cables rather

than having an intexnal hoarse-up for each. This greatly speeds

construction because the cable ends aze assembled in the electrical

shop. Thus the only electrical commotion in the field is the

okneotion betooen the loddni ploce end the oooeptielee,
There are Iaaf@ shnilar foxas of ming ixxstal3.atiens thxough-

out the ship accojapanied by prewited texxlinal boxes. However,

the locking plugs and terjlinal boxes axe soaetisNs undesieeble

Xn such a case the wiring ie installed in a nodule or subasseahl,y

and enough cable is left in a coil to aake the run to its tem-

ination point,



PAINT SCHEQJlE

Coating %T mil..<Kxts rior

aine rich shop primer
sine rich U.O
7arset ~00
Tarset 305 AP

keel to light load l
line l

l

aine rich shop primer
Tarset C-200

sine rich shop primer
high bug.d Epcoy color!

boot topping

deep load line to rail l
l

working blather decks
Focsle deck 6c catwalks l

l

1

27.0

sine rich shop primer
Tarset C-200 non-skid
hj.gh build epcagF color!

The painting system in our ya& follows closely with our modern

production line technique. After the panels are completed Qi the

Shell and Panel shops, they move directly to the M.asting Bey where

they are machine blasted and sent on to the Primer 8hop. Hem they

are masked for additional fitnp, primed, and marked for assembly.

Free there they move to the Storage area.

Using the machine blasting technique we are able to greatly

lower the cost ef a coating gob. It cost approxiaately Q three

cents! per square foot to machine blast versus ZQ twenty cents!

per squsz ~ foot for manual blasting, thus saving half the totaL

cost of a coating !ob. This savings eae be used to apply one of

the new epoxy coating systems~ which othsrwiee cost more than a

regular painting system if manual blasting were used.

b,'e highly reeonmend an epoxy coating system for this class of

vessels because of their long life. This would allow the vessel to

go ion~r bet~ drfdocking and repainting, saving money in the

lang run.

The coatings which we will use are put out by UM Chemicals.

The general system which we intend to use is as foU.ows:



Exterior{ cont. ! coat s

weather decks other! 1
1

sine rich shop primer 1
high build epoxy{color! 5

superstructure  steel !
1

aine rich shop primer l
high build epoxy color!

shipyard primer
high build epoxy color! 5

superstructure alum ! 1
1

aine rich shop primer l
high build epoxy color!

masts p st o eke ~ fittings l
1

IKT milsInterior Gaats

1 aine rich shop primer
1 high build epoxy

1 aine rich shop primer
hf.gh build epoxy

dry cargo spaces

lining spaces

machinery 4 equipment l aine rich shop primer
spaces above the bilge 1 high build epoxy

1 sine rich shop primer
1 high build epcoy

voids lk cofferdams

1 aine rich shop primer
1 sine rich llew potable

1 aine rich shop primer
high build epoxy

potable water

clean petroleum
products & tanks

1 sine rich shop primer
2 high build epoxy

Paint Data

Use: To provide up to 25 months or more of protection against

foul%~ of vessels in sea-going servl,ee. Combines anti-fouling and

anti corrosive properties into one material. Can be applied directly

over Tarset Standard, Tarset C-2GQ, Epoxy 'System Primer or Shipyard

Preener,



~TplcaL T'x'opert ies

705

sux f'ace preparation

equipment

their

equipment cleaning

minimum applicat ion
t.smperature

USS Tarset C-200

Use: Heavy duty protection for immersion or atmospheric

embraces requiring abrasion and corrosion resistance. Suitable for

use in potable water. Cm be applied to abrasive blasted surfaces,

or over U,'~% Epoxy .system Primer, USS Shipyard Primer, or U~~ ~~inc

Rich 1M.

theoretical coverage

practicM cavern ~s

dry t,o touch

dry to undocking

color

pot life

weight,

flash point

solids by volume

component ratio

shelf life

1120 sq, ft.,/gal./mQ.

85 sq. ft. 4 12 ed.ls �7 md.ls wst!

4 hours 9 77 F

2j, hours 0 77 F

black

2 - 6 hours

10 lbs /gal.  adxed!

UO F  mixed!

near white blast  SBPC lG 63T! for base
steal. lAip blast for aluminum and
plastics.

brush, roller ox spray

U'-':5 Tarset AF thinnsx

USS Tarset or USS ~xy system thinner



i.cal Pro ries

sag rssi.~tani;e

~Alicatim~ Data

surface pxsparation - near white blast  R>PG 10-63T!

brush~ roller or spray

USS 0-200 thinnex'

equip.' Hn 0

thinuer

equipm. nt cleaning - U% C-200 thinnex

m.'nisi a application temperature � 50 P

USS Shijgrank !'amer

Use: Protects properly prepared steel surface by proridixLg

inhibitiva protection fax' up ta six months until a complete,

compatatLe coating system can be applied. Provided excellent

adhesi~i~ for subrent coats of U% Tarsets and USS High BuQ.d

Epoxy, fanmastics and Xnsulmasti,cs. Provides excellent, protection

for aluminum surfaces.

theoretical coverage

practical coverage, per coat

day Ca touch

dry to recoat

calox'

pot life

temperature~ re sistance

flash point

weight

1200 sg, ft./gal./mil

U.O sq. ft./gal. 8 8 mi1.s lg ~t!

3 hours % 7f' p

when dry to touch

black

2 t,o 4 hours e 77 F

30 to 300 F dry!; 160 F wet!

over 17$o P  mixed!

10,7 lbs./gal.  mixed!

ncne after 48 hours curing

~en �2 mile ~!



15 ILknutea 4 77 P

e ~ m~ e?Vo P

pallas-greeim

li,5 1bs,/gal.

5bo P  aimed!Aaah point

Vay To yenrLds interLa protection dm'ing fabrication or

4$0$llblg of steel $LLates and shapes Fast dxging pemakte %80 of

autcsgLted blasting and pricing equd.ywyset Is mM and bLIx»

through. Shor44 be top coated &th eaepatahlo coatings seih as

l@S Zinc RLoh 110, USS Taxeet C-KO, UR8 RLgh 8'.d Hapl~ or

~ Boils Epo!y.

27.4

theoretical eoveraNN

practical os rage

rlxgr to tosh

dry to recoat

color

~ui.yesnt

thimer

eyd.yneet cleaning.

clad~ applicatice
%ayerature

400 ak. A, /gal./aD.

8OO W. Xt�/~. e A ma�! ~a ~!

ns r ~te aase,  SS~C 1~St}

myself or brush

not xecyaired

USS $Qeg Sgrehea Rrheer TIIinaer





Pro rtiea

theoretical coverage ~ a

practical coverage

lhoer 077 F

2L haue 0 77 F

dry to tonch

cd ta recoat

metallic aine in dry fiha - 93$

19 Lbe/gal.

meete militargr epeeifioatial CL - " - 85$

US RL3 approved for potable water

ILbdaaia application temperature - W F

USS

gaea Tlo atavide one coat, color, an4 protection in aewee.

atmoapheric or iimereion anrfeoee. Used ae a hip}Qg reeietant,

durable coating over U88 E~ Syet~ Prhser, or USS Zine Rbh

or UM Shipyard primer.

27.6

temperature resietance

~ point

weight

co1.or

allrf ace preparetion

~ quipmant

thinner

eq&paerA cleaning

near ~ e bleat SsPC 1M'!

apt8g or b.'gab

'proYL4Kk at Log%/ 1+~tjy'

UBS lymph Sgahz Prhaer 54nner



~ scL, Q /Ial /ILQ

13$ sg. ft./yQ, ~ 8 5 «G. K >et!

ll lbs /~, {ahead!

zeP z  ~!

~ight

Q,ash raiat.

~A ication Qeta

ym Zaca preparation clean, dry, free of oil, gzeaee
act c4her conte«inatee

brach, mll.era or epr+g

not reciiired

end.paent

thi'sacr

a guipaent cleaning USS Eymy Syete«Prier 1h&mer

jail«ia apylication teiperitme - 50

cal 9 rtiee

theoretical ccearage

practical cetera'

d~ to teuch

dgy to recoat

teepercLture r ~eietance

colure

4 hocre 0 ~ P

24, hombre 0 77

BOP F  wet or dry!

9 baeia and eafetg eeyore
will «atch to order



To find out how many gallons of paint 5.t me& take to paint

the hull from the light lead line to the keel~ you need the wetted

surface area. The prelim'.nary design was woefully lacking in all

respects Thus, in order to R,et the surface area m had to blew

up the Xeroxed bogy p3.um so that plaaheeter could be used to read

the area of each sta'1cn  see aU4e !. The engineering staff

of Southern Marine,iysteue has at its disposal a computer.
J

Kr. Suckheister p'~pared a pxegrwa to find the displaoeeant see

slide !. Vlv results were then plotted to pzechaoe a displace-

ment curse >e knew the Oispilacement at the 95 foot waterline

uhich allo@A us to calculate the per cent ezem; F~ this ~

care able H arrive at a draft for the light condition. Ve ~

back to rhe copy to scale the ~r line leagQg

'Knee are two methods of finding wetted surface. The t~

«ethos are Dana@'s an4 5qrlor~s. Me chose Oenny~s because'of

the mascle speed and cargo chaxecterist5.cs.

Denny Method for s3.ow hQk cargo ship

'8 ~ 1.7 LT + V/T

llhere

$ ~ uetted surface area of molded form in cquaxu feet

L length in feet between psrpendiculars

T molded mean draft in feet

V ~ molded volume of displacerasnt in cubic feet

Taylor %sthcd for fast uur and passenger sMp

S~t;

where

8 ~ wetted surface area in square feet of molded foim ~n
floating in salt water at a ac44ed df,aplaceasnt in long tons



L - mean length of isassreed form~ whioh is nsuaUg
somewhat less than length of Road waterline

C ~ a ooeffioient depending on the vendue of C, the
ad.dehip section coefficient, in aseord.atiIe Wth
the ratio of the molded breaclth 8~ to molded
lhaan draftp T+

Qiven Values

-'949

19,$ ft

midship eoef fieient

length batman perpendiculars

length on waterline

displa oem'

Right ship

station spacing

length on light load line

dra% -at light load line

3,~089 ft

l,le@ ft  loaded!

35 ft

98' 850 lc.g tons

36,'750 l4ggj. tons ~ 12.83 x 10
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TYPIC' FONfDATION

In dasigning the foundation for H328L-XR45 oeapresear and

condensing unit we neede5 to calculate its effective weight wt'4h

the ship rolled to 30'. This supplies the necessary shear forces

acting on the anchor counting bolts to caj.culate the proper siss.

These bolts were already siaed by York tfe aade a check calculation

to aae if the bolts were the proper sise. Meal, the reqi4red

section modulus for the stiffners to distribute the load to the

deck beams and lcmgitudinala had to be calculated. U~ knowing

the effective plating section modulus of the coebined section,

stiffners and plate, was calculated. The results revealed i

2" x $" piece of scrap deck plating would be well sufficient

for the stiffners. To attach the stiffners to the deck plating

we decided to stagger the olds which were 1/8" fillet mldso

combined weight of unit ~ l,ORQ!f ~ .482 tons

roll angle of ship 30

period af' roll ~ 14 see.

roll radius ~ 54'

2
'I! ii !l sin ~ ~!

gTr

L82  5+4 .x~.x~x+ 2!0 2
!

~ .336tons ~ 7>lP

There are eight bolts hoMing the caapresaer and condenser to the

deck. Each bolt is loaded by 9l.5$.

S � l 190 psiP
9



The allowable shear is 8~800 psi giving a factor of safety

of: aU.owaMe stxess 8~800
actual stress l~l90

Deck design:

living spaces, offices ard.passageways on the main deck

and above 75 psi

Urd.t weight 1,QQf

Dasign with a factor of safeLy of 1.5 to swat in a unit weight

of 1,62gf if allowed to 3+ad 75 psi~

~1QO
X

x ~ Z1.6 ft.sq.

therefoxe, you need to distribute the load over st least 22 sq.&.

force >6th +he seed.y at a + H,st isx

�31! + �~080! ~ 1.305 x lA
The resultant

section modulus~ Z I
C

N ~ SZ FS i 2

~ .175 in3

2" x $" flat bar section modulus caloulaticm:

trial and error yroctueed: Z - ~ 376 inI 3
s l.

I ~ 748 in c ~ 1 986 in

Each beam has a possible load of 652.5f at 4 7/16" a~ froa each end.
ega.s+ sea.S+ ~6+ � e



The tkCe'r~ of weld required:

The aU.ovable shear for a veld ~ 17~000 pet

PS~4 1~000 ~ 4~250 pot
6 10

� 48 x 10 !�.25 x 1 !

Ne will use 1/% weM staggered every 3 inchee starting with 6"

on one side and 3" on the opposite aide.



Tire KJQ& o ver!~, I 3 at" @71 used .ke; >Birr'is Qpcin t hY n'<r "re '.i. ',he

sl '.ce:~n.l t.he ~c.Mce ~:f t hc shi>.

vt" a corri ~trit. oTl or tlc two~ '.6'i r«ai r.lclu'.re <":iju!:3!i!,:<l fo'. heat'r!v.,

<'.le:.rrfn,'r~ hu.~.i H fy0<i<',~ a<:,.l dehrrpri.leafy'Rr>g .

' .'tl i'5 ve t'ai 1. I Gin~ 3;"s v<".<<<s ' r+ u sue ' ',g ie:.i   r<- r < ' '; '::- < 'iQs l

winter air '.sr.; cr;r'.or<'-::~ 0 V an~,' sr<.a~cr ~;m�'<.. �: »t., oI

warier 55< r pc r9 i,upt s of k!8 V lh~xLBirl<r;<Ad 2H '," gkirikmur i l »'e i' scd

when ebi<%;:4gQ$ Bcatinp .~ rr.l Coo~.. n!? 10jl'.l5 '.lot spar es <,'c.. !w

eat,etline

Manr .'.'~p c r 'xi '1" Po'Jul t'88 l or" each sr a<' e o'c'i t i l3'.od %5

lctet:<rirrcd by heat t.r "nsl cr ot e;s; ix'3 <;..'i cs~culation:.�base3 on

t 2'Qrrsrr<3ssiorr oi heb4 t AFough struct.'are�v'its92 le a3, z" <..o,'r lil,l its~

'ante&ra 5 heal joa'ks�.nd sl<rli. RT' f ac ~or 8, Passe .iver' ~l<'l.rnbltkes

must satisfy the eaxua<rm;.rloi~ablc terr<i~era.,r.re Ase r<rnimur«

kllo~<ablc i ~sh i- it',i!cz' 'cx'50<i> or ';x rmxssJLGlo pi+5 o" > !. f o.'livre c.

arete:~te severs'. s.i::,t~rps t<:.~r; .ns- b., consk.!et". l. I'::e;»'.-ur l

flow' eye@era contains <io f.ns an.i,<ir rirovc<rierat 1:~ c>c t,s,'. by r.;re

ffd?neCe in temocx" <Cure::ni] '..-.n .0," if '.nsi le a.>-.' c.rt,s.:ie ait'

and the trireninp of cowls ~t'. t" %at,a-s to~sr! the ~ini. Phfs

system:,s penerally lkrlt~".; 5o a .f..w shor<a, I'icke."s, .~r' ~t.om-

Toeae and som 3xy rargo h ~l-<s.",he <M"-n"e r."'.L cyst.r.ri consist

of a suitably ~cathe" pret.ect-': l. <'et, .~; Met, <n .'..;t.rically

driven fans a duct 4Q the 3 k'8a se; ted n<r $435 r! bu@i':r bt' 4neh

duets with terminals designed to sirit r,he::up,"l," <~r ex.'. ~ust air

AXnetion t8qlliFcki~ P rc sup !lj anil c3fhaust 9, '.its<i< is t «8 met hvd

of ventilation we chose to use�P};e sup"iv syste<ir mnveve ..'~tel.9e

air' Which hae been filtered and/oL. heated as necessary to tne f~



and fmm the fan to the spaces ventilated. An exhaust spat,m,

requiring sbaiXar ducts, conveys vitiated air out of the ventilated

spaces thro~ a fan which discharges it to the atmosphere. '.i'heri

mechanical exhaust is not provided, the air escapes to the at«os-

phere through natural exhaust openings, being forced nut by t.he

pressure of the supply fan.

In designing a ventilaticm system~ our aha was to ~m t,he ducts

in as near' a straight line as possible, avoiding shar: b-..-,ds,

abrupt changes in duct sises or shapes~ and all other contruction

which mph' cause excessive pressure losses. Xt is seldo« possible

to achieve an ideal duet system in ship installations, due to

structural Iisdtations, low ceiling heights, end interferences with

piping and other spate«s. Cross-sectional areas of ducts shouM be

large enough to per«it the air to fl~ at moderate velocities to

avoid power waste and reduce moise. In areas where quiet operation

is essential, 2,000 fpm is maxim, and in areas where quite oper

ation is not essential, 3,500 fp« i.s maxim'. Obstructions are

often found during insulation of the ductmxk, and about lOC of

the total fan pressure shouM be reserved in the agate« for these

additional losses.

Good duct design can contribute «uch to the econaay of mystes

operatim. Abrupt changes in duct sises or direction of airflNe

are alwsgs to be avoided. Abrupt expansions are partucular1g bad

having as much as $g of the total available fan pressure can be

lost in a single expansion. Elbows should be designed for s«ooth

airflow. It is desirable to aake the throat radius of the elbow

equal to the dimension of the duct in the plane of the bend, >@ere

this is imposeib3,e and a shorter radius is required, splitters

should be added in these elbows. 4here conditions require square 29I



elbow, curved turning vance should be provided.

%fwn smaller ducts are taken off the main supply <duct to

serve individual spaces, a division of the main Quet is the most

desirable method and is based on proportional .klvision of airy

ioe.~ the air quanta.ty is divided Xn proportion to the area of

.duct ".hex% headroom 4cl< structural requirements do not allow

this arrsngaaent and for small air quantities, branch takeoffs may

be used; i.e., small ducts connected in the main duct at a 30

angl.e from the direction of the aMXov in the main. It, should be

reco~ised, her, that these brach takeoffs create a loss in

the main duct~ A series of such bramrhee may gacierate sufficient

loss in the system to require a step up in fan horsepower.

Frequently, fan roaee are too small for a propert engineered

install;thon. This results in bad duet approaches to fans «nd

finned hest exchangers�poor access for routine aae1ntensnoe, and

high insts1lation costs. Adequate fsn ~ vol+as should be provided

+ming the initial design of a sMp and cheeked f' or adequacy early

in the detail design phase, AD.offence should also be made for

supplemental equipment,, including poser panels, Iotor controllers,

piping, control valves, and spare fD.ter storage.

All systems should be checked for proper air delivery after

installation is complete. Usual requitesents are: mini@os of 905

of design air quantity to each space, and Ng of design air quantity

at any terminal where more than one tea+in'Q. serves a space. 5ome

mesne of arificing each branch ehouM be provided in the design of

the system which is easily accessible, especially when duets aro

placed above ceilings. This a4ll eave considerable money and ties

when balancing the system



Ducts may be constructed of galvanised sheet steel in order

to withstand corrosion and vibration. Ducts may also be constructed

of aluminum in order to save topside weight. Because of headrooa

requirements, most ducts are rectangular, round ducts being usect

only in ~er sixes. Circular or oval ducts are used &en passing

through beams, girders, and other etrengLh members. A heavy section

of ductwork Xs usually welded into the Denetrated structure +ere

structural compensation is required. Handholes, access holes, and .

portable sections are provided to petit cleaning, painting, and

inspection. Ducts passing over electrical ecyd.pment are made

watertight. Flanged connections are provided for making AX <duets

portable, and flanged coamings axe provided where they penetrate

bulkheads, decks, and other structure. Oucts are made with either

riveted, welded, or hook seams and are airtight. Ship points majy

be used for Joining duct sections, but good workmanship is essential

to prevent leakage. Mechanical exhaust is ~ovided to ~aust the

air from hoods over heat-producing ~uipnent. Supply air to the

galley is usually preheated & the winter. & maintain habitable

temperatures in machinery spaces fox'the operating personnel, spot

cooling Wth large quantities of Nr, at high terminal velocities

is used at operating stations. Exhaust terminals should be located

over heat-producing equipment. Often, natural exhaust is used,

allowing some of' the air to scape into the outer casing of the

smokestack, the rest being utilised for forcecMraft blowers

returning it to the boi1ers for combustion ad.r.



The total coolin~ load was ca1culato4 to be 19~150 BiV/hr.

The main Mower has to sup~ 1200 cf'm at 1500 ft/ein with a

pressure drop of 1.1625 inchse of water. The fresh air su~

blower has to supply 540 cfm at 1500 fya with a pressure 4xep

of 1.Q,Q inches of water.



Qoapartaents are to be tested aeeorcU~. to the degree of

tightnees desired-. XK~ oil tight~ sster ti@t~ air tight~

I hkg ~ ~ ~ ~L

test proeebue to be oarrLe4 out by the ihgimerLng Vast

Oepar4aent The Snghreering Test Qegex4aant ~l bmee that

the oceLpaztiwnt test paeoednre is in eaeplianoe Kth the

xeqeireaents of reyQating bodies, ~re ~ ayg6g,-

%e following notes sos eaeaplee of eyeeifie test requf,re-

nsnts for aces eeiyarhaenbs and equipaent m boaeR ship.

Testing thrasgheut shaLl be in aooorcmaie» with A.B.S.,
ld kl L~ I

2. All shall not testa4 bg teQg pressure ehLLl be hsee
tested

3. Pressure of all hoes tesLh~ to be not Less than X p s.ii
NL noesis distance to nonsle as diatahel hy A.B 8. Bseal.-

All ~ther desks Cr, boundaries of all desk homme are to
be hose tested

5. All mLei~tight 4 ~the~ght doors, hatches 4 «Rds ports
shaQ be hoes tested.

6 All winkers 4 flied light shaLL be teete4 ~ hose &th
nossle preesme of 30 p.s.i. aL a 4hateaee of 10 feet.

7. All toilet 4 wet spaoes to be tested by flic~ Wth
~r to top of oeadng,

8. Fobbing N.T. hatch oeeers shall be hose tests4.

9. Maahlnexgr easing bhde, to be hose testeL

10 55.eoeilaneous tanks to be teated %g fD3Ling Wth ~ter
to top of orerQnv.

ll. All tecking to be 4one after aXX pene~tions are ~Lotel,
and kick pd.pae, spool p1eoee~ etc. are inetalle4.

12. Rud4er, rudder trunk 4 horny' b ~ 'soap 4 air test te
j p.s.i. Icier to internal aoating,

$Q QJi



Xg. No paint ether than prheo coat, shall ba applied to
sLrnetme prior to tash&~.

lhein sells in eaxgo oD. tanks to ba tes4,e4 to eeqe
heat presage aa applied to tanks.

15, Pipe chase to teoekve soak 4 air teat to 5 p a,f.,

16 Iasfer draimella to be taste4 bjg fUJLiag Wth mter
te deck dade.

The forewing ia a aaapihe hy4voatatie teat fox' 4oohXe bet4eee

Ihl A~b ~ II II

ot the A.E.S. In tha asepsis teat pawnee tha teat paeeeIIIe ia

cwtliee4. Xf the teat ia ampleted aatiafashoa;Gg, the teat ia

eart&ieC hg tha inspectors~ hcwerer, if not aatiatuAorilg amplle4ek

the 4eteat east ha repairaS and the teaL aerm,

The QuaLitg Aeauranee deparhaeat ahall ba the hogg elargel

&th runnh~ these ahiphcm'4 testa end Kth eertkfyiag tha aatia-

factory or maatiataeteiy eapletim of tha tasts. -.

i'»
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CERTIFICATION OF CNPLZTXQN OF TEST

ALL TESTS MURRAY! BY THIS PROC. SATZSFACTORILY OONPLFKD

A 8 S. TEST RO. S.M.S. HULL IO.



L.O Purpose: The purpose of this test is to deaonstrate the

satisfactory construction of the double bet%am tanks.

L ~: .8..~ IhtC hl ~t t

be tested with a head of water up to the freeboard deck~

the Bulkhead deck or the highest point to which the contexts

mgr rise under service conditions, whichever is the highest.

The test is to be made before the vessel is launched, but

after air pipes, sounding pipes and all other connections

outside the double bottom have been A,tted; if not finished

before launching, the tanks should be tested again after

all comections have been fitted.

3,0 3.1 A hole is to be cut in ths tank top pLathg and a
pipe running free the tank top to the bulkhead deck is

to be welded in the hole.

3�2 The double bottom and the pipe are to be completely

filled with water.

3.3 The double bottom is then to be visuallg inspected

to check for leaks or buckled plating.

3.4 Double bottaas 4 % 12 are to be tested and if found

satisfacto~ the test shall serve as a test for the

raasdnb~ double bottoms.

3.5 kll tests are to be carried out with regard to good

practice for safety of personnel and equipment.



4,0

4,,1 Repose my mesa',etaotorgr ooekftkea to the pooper

aikthotiti08 tol TOIIIICiSl aoti4ll aAC OQHNN4e

4. 2 After aorrsctian~ if «gr, rerun test ac% racorC

ayyXieabke Cata.

4,.3 CerCi+ eoepletim of ea4iefaeto~ test oa Page No. 1o



Instead Of the conventional end launching facilities used by

aost aa!or shipyards t,oday~ Southern Marine Systeras launches its

vessels froa a floating pontoon. After the modules have been

Qined together the nearly completed ship is moved onto the pontoon

which reste on a shelf below the water. The shelf is designed to

withstand only one half the estimated weight of the ship-pcntooa

caebination. The remaining weight is supported by buoyant forces

fxoa the pontoon which is progressively deballasted during the

sht,p transfer process. Using this process loss cosQg underwater

construction was required when the yard was constructed; therefore,

great care jtust be taken to insure that the shelf does not becoss

overloaded. To aceeaplish this the pontoon supervisor mast have

axact inf'oreation regarding weight ahd center of gravity of the

ship at the various stages of transfer. The infomation is

supplied to the pontoon supervisor by the Height Veparbnent of

Hull Engines ri.ng.

The '~'eight Departeent receives all approved plans and breaks

up the drawings into individual pieces. The weight of each piece

and the distance froa its center of gravity to; l! the centerline

of the ship, 2! the keel, 3! midships are tabulated and fed into

a caeputer which keeps a constant record of centers of gravity

floe the above three planes. Kith the weight and center of gravity

data the Engineering Deg~Nrnt runs a stability calculation to

ILake sure that when the water iisserses the pontoon deck  the pcdnt

of lowest GN because the only stabilising waterplane is that of the

wingwalls! the ship-pontoon coebination does not tip over.



REMOVABLE

MIhlG'SALL

LAUNCH PK4EIlHE D.MSTRATXOM



STABXLXTf

Xn order to deterwine stab&.I.ty.and buoyancy data miler

different loading oonN.tions aany eaves of fom mm derkvee.

These curves of fora are plotted and can be used to desoribe

the shf,p's ahareeteristies in different stability situations.

These hull share,oteristios represent functions of foxI.

Because the basic variaticm in unde~ter hQL form is the

result of varying drafts, the ordinate scale is in feet of

Isean Craft. The absieca is in tons ot displaceasnt. For

funOCions of drafts other than displk~t¹p suitable scale

factors axe prerLde I to oonvert the readini, in tons to the

proper dimensions.

The foDo~ yance is a ooIpitex propria to find the

laniitefinal seater of beoymisy.
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Anyone who has been to a ship launching well remembers the

long speeches, the M.gh school bands~ the multitudes of people,

and the loud horns from evergn&exe as the ship slides doMn the

As the msr14 progresses~ time becomes aims mosC p~

lent factor. To continue to advance, thee is becoming even

more important. Nsn must then deckie whether he wants to IkLx

pleasure Wth wox4c, or Just wortc. @rperience tells man to

forego the pleasures and do what he must. This is evidently

the case in the Southern Marine 8geteas Shipyarca. This yard

has no lang speeches or any of the pleasures in launeMng a ship.

As the ship is built it reaches a stage where subaseeahlies

are combined to make assemblies which become modules. At this

time the ship, or module, is constructed cm lens platforms which

move teward the launch area with respective eompletian stages

~Ahen the module is completed it is re~ for connectice into

the final stage~ the ship.- The modulee then roll together

«nd are connected. '5m ship is then rolled cut anta the

launching pantoon on the sane rolling plattorcis. The removable

&ng F33. on the launaMng pontoon is retrieved fram its storage

area and returned to the pontoon. The pontoon is then lowered'

by FloaLing compartients. The panto' is then pu1led off the

launch platform which is a massive bed of concrete piling

driven into the sand next to the doamc. The pantaon sQdcs

evenly until it ie amplet6g free of the ship. The ship whish



has gained bury'ance fros the water eceering the pontoan is

now afloat be itself. The ship is then towed to the wet

4ooks for outfitting.

This appears to be a very simple operate but is quite

camplex and hasa&ess. As a floating d~ dock is flied

down or peeped up with a ship, its stability is eonstantlg

changing. Xt is very isLyortant that'the doeheeeter, a single

swn Wth total responsibiM.+, be aware when minimum stability

exists, what the stability is at that ties~ «nd when to expect

a large change in stabi.lity. Xa fIoo4ing Chs pontoon the G.M.,

the distance frcaL the coabfae4 ce>ter of gravity of the ship

snd pontoon to the jsstaeenter, is stable until the deck of the

pontoon subaerges. At this point there is a Iargs decrease in

G.H. Jbg initial listing of the penMm wLXX sudchen3g snltiyXg

the O.N. change. Ve avohk this multiplication effect tbs

pontoon should be kept as Revel as possible until the ship is

submerged. As the sM.y obtains buoyant the O.N. +HI again

increase until the ship is eosylete3g aQ.oat and free af the

pontoon.

ht the tijse of launching, the std,p is appruxbaats3g 90/

oamplete. The pontoon is then pLIspei out and returned to the

launching plat fozm rea4y for the naca sld.p. The rolling

platform must be removed, and thorough elean«i after the

aeaevable wing waII is dissuLntled and stored.

As one meg see~ there are no bando, no speeches~ snd no

ehampaigua when a ship is launched. The Southern Marine Syeteae

Shipyard produces ships~ not partieeo
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Find displacement;

Read dra% marks forwazd and aft

Pirxi mean draft  and tria!

Find 4, for mean draft from curves of fore.

Correct for trira.

Correct fo> density of water.

~ s! Q sw finm curves
$

5 ~ density of water in cubic fest per ton

KM ~ KB + HN

KN - QM ~ KQ'lien

KG ~ vertical position of center of gravity abave
base line.



Generally, planning and scheduling for outfitting ii more

detailed than for hul3. construction, or fax' machinery installation.

Our trend is to incorporate into the large subassemblies ae much

outfitting as possible. This scheduling includes that of testa

for rigging, lifeboats, deck gsax, and other equipaent outside

of the machinery space. Much of the outfitting work in a ship-

yard is done by venders or outside contractors as in the case of

Southern Narra Systems. Many vender's, as in our case, request

that their own persamel instaU. earns equipment in acier to

assure correct installation. The normal aequsnce of hull erection

is often modified to facilitate outfitting, Spaces which are

genera13g ready at an early stage are the cargo holds for the

fitting of ceiling~ cargo battens, and ratproofing~ and the

refrigeration spaces for the installation of piping, insulation~

and ventilation. Oux yard subcontracts a great deal of Joiner

work. This procedure is advantageous as outfitting is only a

smail task in oux shipbuilding program. Sy subcontracting we

assure correct installation and employ fewer enployees ~red

for outfitting. Although the subcontractor may assume respan-

sibility for protecting soma of his installations, the yaei must

be alert to provide good working conditions with undue intex

ference from other trades and to protect the completed install-

ations from datiage.

Steps involved in the progress of outfitting work in living

quarters should follow some definite ordex, based on experience~

to avoid confusion and possible renewal of outfitting work oca-

ss.o



plated previously. 4 typical procedure for operations after

completion o; steal structure is as followers

l. Make pipe and electrical panetrations.

2. Fair buckled pLating.

3. Install air ports or windows.

Perform hose tasting.

5. Fit insulation, wiring~ vmtD,ation ducts, piykag, and
!oiner furring.

6. Fit !oiner partitions and ceilings.

7. Install plumbing fixtures.

8. Lay floor covering.

9� Install built in f4rniture.

10. Fit !oiner trim and doors.

11. Install wiring drops and fixtures.

12. Complet e painting.

13. Fit carpets and drapes.

Install portable furniture.

l here crane capacity permits, deckhouses are assembled either

ccmplata1y or i.n sections on the ground in advance of the time when

the ship is ready to receive then. Southern Marina Systems genes

ally includes dackhouses as assemblies and are assembled on the

module in the correct erection procedure.

It is important to control the occupation of the spaces by

the outfitting trades & 3.axger and more complicated vessels.

Our yard makes use of a printed fom authoriaing the use of a

space by a certain trade. Authorisation is given only after it

is detarrained that the work to be performed will not interfere

with subsequent work to ba performed by other trades. It ie

desirabla to prepare and issue work lists during 8' ~grass



of outfitting. In addition to critical items to be completed~

the work list should include items pertaining to safety', inspso-

tion and ap~-.val, and the scheduling of tests for the various

systems. This is more coeeonly known as a Systeea Test Agenda.

t,s the work nears completion, unsatisfactory items should also

be noted an the work lists. Inspectors and owners' representatives

should be aoproached in connection with any additional ox unsatis-

factory work on which action is required in a particular space

befoxe final painting in the area is started. Early inclusion

of such items will usually insure prompt correction, thua

avoiding a Iong list of work to be performed Pnt prior to

acceotance of the ship.

',s the outfitting work nears completion~ the hark effort

is concentxated in selected areas to facilitate completion of the

work in accordance with the coeparhnent completion schedule.

This involves finishing all items on'the work list before final

c&aning and painting. After painting~ aU. fixed haxniture and

hardware should be in place and the doors socurelg locked, It

is obvious that it would be highly desirable to have all testing

completed within the axea beforehand.

Nany of the spaces must, be used during ship trials, and a

certain amount of cleaning up after trials is quired. Our

yard Coeds considerable effort in protecting painted areas

and coverings, such as carpets, during the trials,



The purpose ef the sea trials is to determine the std.pis

characteristics under operating conditions. %e ship should be

loaded as nearly as possible to full load draft Qn a tanker

this is readily accomplished as the cargo tanks csn be filled

with water through the ship's cargo pumping systea. On occasion,

additional tanker trial runs are conducted at ballast draft. It

is often necessary to complete the filling of tanks after the

ship leaves restricted draft channels.

On a general cargo ship~ all available tanks are filled.

In some cases, such as ours, solid ballast is placed in the holds.

Qenerall7 it is not practicable to bring a general cargo ship te

a bulk carrier down to the designed draft for trial.

Our yard often conducts a short builder's trial on the first

ship of a class, to shake down. the ship before the official teal.

A list of principal events of a typical trial is given below<

l. depart shipyard

2. ballast to Oriel draft

3. adjust magnetic compasses

4. adjust radio direction fin4er

5. st andardisation xuns

6. four hour economy run at normal power ahead

7. two-hour endurance run at maxhsea power ahead

l. perform turning circles

2. perform Z-maneuver

3. perform ahead steering test, raider hard over to hard over

4. crash stop to full power astern; erasure reach



8. one-hour endurance run at full power astern

I. perform astern stm'ring test, rudder hard over to hard over

2. crash stoo to fuH. power ahead; measure reach

9. two-hour run at a desired lower power aheai

10. anchor test

ll� deballast

12. return to shipyard

The events need not be run in the order they are given.. The

schedule of events is often chanced during the trial because of

weather, delay, daylight, etc. The econ~ runs are made prius.i.pal+

to detexmine fuel rates and to verify machinery design and heat

balance. In some cases, the ship specifications require the trials

to be in accordance with the latest SNANE Trial Codes.

Mandardination is normally specified for the first ship of a

class. The ship's bottom must be clean and smooth, which invariably'

means that the ship must be drydocked for '.!ottam painting i~ate Ly

before trials. Standardization consists of running the vessel over

a fixed line course in hoth directions at several different powers

to determine the ship's speed power curve. Usually three runs over

the course are made at each power.

t'lthouph measured mile courses in deep water close to land are

available at several places, including Backland, Raine, Guantanamo

Bay on the southeastern tip of Cuba, most standardisation trials

are now conducted using a radiolocatian system~ such as Raydist,

If one transmitter is used, the ship must run away fmm and toward

the transmitter, which may be on land or afloat in deep water many

miles offshore. Ef the transmitter is afloat, a course can be run



from the trensnd.tter in a direction which will sminimise the effect

of current, wint, and waves.

h two dimensional system, employing two land based thmsmitters~

can be used where a deep water course is available %thin about 109

miles of the transmitters. The optimum site and course can be se3.ecto,4

M ed.C weather an4 sea con4KtKons, The t~ydat fM Cetemdxies the

Location of the ship relative to the tranced.tters at al1 times. j

receiving antenna and a strip-charL recorded aboard the ship auto.-

maticaUy record the entire path of the ship on a thee base with

remarkable accuracy. Since the path of the ship can be deterjained

and plotted almost instantaneously, it is possible to make an number

af runs over an exact predetermined straip~ course of any Length

in both directions. This method can give the path of the ship during

turning circles, ahead and astern reaches, and steering tests. Of

course, the usuaL current and wind corrections would be required.

lihan standardisetian is included in the trial schedule, the Length

of trial weal be at least tm days, with one day devoted yrhiarily

to st andardisation.

Campass adjustmsnt is done by turning the ship slowly in a p1ace

where accurate bearing fixes can be obtained. hn outer harbor

sometimes is found to be a desirable place to adjust the compass

Usually~ a check &th the gyrocompass is made.

Steering gear tests are conducted during or at the end of the

mmdnnmm ~r endurance run and consist of:

1. turning circles

2. har6-over to hard-over steering

3. Z maneuver

362



The time for turning the rudder from hard-over to hard;over is about

25 seconds. The Z maneuver gives a relative measure of ship response

and maneuverability. Xn this maneuver, with the vessel proceeding

on a straight course~ the rudder is turned 20 degrees right. After

the ship has turned 20 degrees to starbcard, the rudder is turned

20 degrees left and held until the vessel has turned 20 degrees to

port of the original course. The rudder is again reversed and held
I

until the ship 1s headed on the original course. The time to cciiplete

the maneuver is recorded. Turning circles are meaner both to the

right and to the left, each circle starting with the vessel proceeding

on a straight course, The ship's heading is recorded continuously

s~ that it can be determined for sny position ot the ship on the

turning circle.

Xt is rather difficult to obtain an accurate determination of

the path of the shi.p during the turning circle, which is about !./3

to 1/2 mile in diameter. A plot of the ship's position from data

provided by a twoCimensional radiolocation system gives an accurate

turning circle path. Other methods of determining the turning

circle path, such as by taking bearings about a buoy or + making
I

plots of radar positions with respect to a buoyf are considered

less accurate.

The anchor test is conducted in deep water. Each anchor is

dropped separately under free fall to about 60 fath+as, with the

inchor being snubbed to predetermined intervale to test the windlass

brskes. Usually the windlass is required to be able to hoist both

anchors simultaneously from a 30 fathom depth at an average speed

of 30 fpm. The housing cf the anchor ie Wtneseed at the equi of

the hoist. Navy ships generally require the windlass to be capable



of hoisting a single anchor from a 60 fathom depth at an average

speed of 6 fathoms per minute or 36 fpm,

The Head and hstern reaches are measured when crash et,ops are

made. I"ith the vessel proceeding ahead at maxhsum power, the engines

ere reversed to full power astern. The distance required to bring

the ship to a stop is termed. the head reach. For a ship such as

ours the head reach is about one mile and ~es about 5 airnrtes

to complete. The ship then proceeds astern for the astern run.

 t the conclusion of the astern run, the etqgnes are reversed

to maximum power ahead. The distance required to bring the vessel

to a stop at this time is the astern reach. 51nee the vessel vD1

not be able to maintain a straight course during these reaches,

reach memnuemsnts are not particularly definitive unlace a got

of the ship~s course is obtained. ~:.'ind and current can have an

appreciable effect on the ship's path during these maneuvers.

Crash stop maneuvering is performed several times if the ship has

automated machinery.



SPECIFICATIONS

Specifications are the heart of any shipbuilding attract since

they describe the hark to be performed. Poorish or carelesa2g written

specification can cost a sh5~ much of its anti&pated profit.

There are generally three types of specifications used in the

shipbuilding business".

Performance S cifications - The contractor accepts general

responsibility for design, engineering, and the achieveaeit

of the stated requirements of performance

desi 5 scil'ications - The buyer accepts general responsibility

for desigp and for retailed omissions, errors or deficiencies

in the specifications and drawings given to the contractor.

Purchase Descri tion eifications - A particular brand name

is specified and an "or egxal" phrase is sojaetimes added. If

the specified brand name is furnished by the buyer~ then the

buyer accepts responsibility for' proper performance. Xf an

"or equal" product is furnished by the vendor, then the vendor

accepts the responaibilitj.

The following aet of specifications is a basic set of pxrcbase

description speci%.cations for the ship's propellers.

The horsepower requirements of this vessel aake it

necessary to go to a triple screw configuration.

The power split into the three propellers is 1:l:l.

The two outboard screws are $0 feet off the centerline.

All three screws have a diameter not to exceed 24 feet,

37.0



The pitch relation of all three screws is l:l.

Tentatively t,he three propellers axe to be IQOC87.

Series B 4.70~ i.e. Tour blades with a derelopsd

area ration of .70, operating at l20 rpa.

Ap   proJected di sc area!

Ao  overall axes!

A,,  dev loped ar a!

P!  open water efficiency!

4.52 fH

258 ft2

The propellers can be either TROOST series B 4.70 as

described above or equivalent. So long as the wheel

does not exceed a diameter of 24 feet and the open

water efficiency of the wheel does not fall below

67.3 g operating at 120 rpa.



OOMCM SION

hccording to .'.BS we feel the strength of the midship section

modulus is much stronger than necessary A also feel a reconsid

erat%on of the design of the centerline propeller shaft should bs

mde. '+ feel it is not of a4equate width for inspection, lubrl-

caticljf or removal if necessary. Xt appears that the width could

be extended slightly without drastic changes to the propellere,

A bow thruster located in a bulbous bow would impure handling

on the seas by decreasing the bow wave and docking with greater

assurance, safety, and ease.

Considering the limited amount of information we received and

the time allotte< we could not dwell on any given subtract. Our

objective was to demonstrate our understanding of mar@I topi~a

rather than specific details.
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