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FORMAL PRESENTATION OF COMPREHENSIVE SHIPBUILOING PHOGRAM

During the final semester of the senjor year in darine Engineering
Technology a formal presentation is made by the graduating seniors of a
comprehensive shipbuilding program. This iiorogram® or "project" coneiste
of the development of shipyard oriented activities necessary to the
construction and delivery of an assigned series of ships, with an
emphasis on the responeibilities of the Engineering Department. A
List of these activities is attached, ‘

In order tc accomplish the progrem, the class {s divided into teams,
representing different shipysrds. Each team will then enter into direct
compstition with the other teams, The preliminary plans given to each
t§m are identical, and worik done by éach toﬁm is normally treated as
confidential material until the time of presentation.

Each team decldes for itself how the items on the list of activ-
ities will be distributed among its members. In this way, individual
students may specialize in desired areas of competance., Of course, .
the éfforts of every member must be compatable with the general efforts

of the team,
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INFORMATION ON SHIP USED FOR SPRING 1970 PRESENTETION

i0A
LB>
heam
depth

displacement

containers

1149 £t
1089 ft
156 ft
78 £t
35 1%

98,850 tons

.568
8
<949
Wb
.760
165,000 HP

2,33 1
10,00 £t
28 knots

1,82

%

The ship chosen was designed by students in the Department of

Naval Architecture and Marine Engineering at the University of Michigan,
The presentation of their preliminary design is the starting point for
our development. It is admittedly a "state-of-the-art® vessel with
11b§ral use of high strength steel, gas turbines as main propulsion,
relatively compliceted caégo_handling gear, and very fine huil form.

We must therofor_e apply modern techniques to ueouplilh_ thcl desired
result,
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WEIGHT ANALYSIS

Light ShiP cevesccccroncscarassees 36,750 LT
Stesl Weight (MS),,ecececcivascnee 29,333 LY
Machinery Weight ....ccsccseeeesse 1,037 LT
Hull Engineering & Outfit <.eveee. 6,379 LT
deight of Containers ...cceeeceses 54,360 LT
Crow and SLOT®S ,.veeesssvcsnanvo. . HOLT
Wash WALOr .evecseacescrsesrncnces  TEB LT
Potable WateP e.ccecesnonacacscnns 7L LT
Fuel O3] .eeccseececccasssenveces 6,841 LT
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SOUTHERN MARINE SYSTEMS INC.

The Southern Marine Systeme Shipyard employs the modern
production line technique of producing ships. Designed by
Riehard Buekheister, Dick Hodg:s, Ned Rush, and Robert “Walker,
this yard utilizes two buildiug and launch areas in 2 maes
production process. These t.© building and lLaunch areas give
great versatility to the yard as each launch area 1s capable
of producing a 1500 foot stip. Up to four smaller shivs may be
produced simultaneously, ‘he only requirement is that iny two
ships being produeed simul‘.anecusly on the same lamnch arez do
not total more than 1500 ’yst., With thie in mind the yard .e
versatile enough to produce up to four different classes of
ships and launch up to foir ships per month, “With the two
launeh ways the yard accommodates a minimum number of workers
with the Lremendous increase in nutpﬁt. This yard employs
aprroximatesly 15,000 prople, the bulk of which are located in
the bullding and lavw:h areas. £i3 the ship moves from station
to station instead of the people, sach man becomes more specialized
in his work. Thi’ has produced an excsllent learming curve,

Because th. yard is capable of producing a lot of shipe fast,
it is even nv.® beneficial to produce the same class of ship,

This savee paperwork in the enginesring and material ordering
departmeits, This fits our yard perfectly as the trend is toward
larger 81ips as well as larger contracts, The mass production of
aver different classes of ships eventually becomes repititious for
a). of the yard workers.



The shipyard layout is almost unique in design. The yard
employs approaximately 600 acres of land surrounded on thres sides
by deep water. The idea is to produce ships fast and sconosically.
We felt this was best accomplished by centrelly locating the
storage and building areas, 2All support sreas feed into thees
two areas from surrounding positions. This saves a tremsndous
amount of time in material hondling. Almost all of the shope are
located in the combined shop am'which includes; the machine
shop, the electrical shop, the pipe shop, the Sheatmetal shop,
the carpentry shop, the paint shop, and the maintenancs shop,
Also located in the combined shop aréa for qa;rety reasons is the
infirmary, Most injuries in a shipyard occur either in the shops
or the building aress, Roth of thess areas have good acoess to
the infimary. Adjoining each shop is a storsge area for that
shop, This saves in warehouse area and mainly in material
hendling, By delivering parts and material directly to thelr
respective shops, valuadle msnhours are saved. The warshouse
will store material which ia fed directly to the working areas
and keep records on all previocus ships, | This yard also has a
cafeteria Which‘lﬁ.ll serve on shifts. There is alsc aaple
parking for all employees, To save time and reduce confusion
the Engineering building and Administration building are separste.
The material flow is good in that it mskes the least number of
turns and hus the minimum break in flow,

The material flow is concise, fast, and very efficient.
The yard is programmed to hm:rtion swoothly as every man has
a job to pefform and he must do it or ths operation is halted,



Material such as plates and some shapes ars received mainly
by barge, Steel plates are unloaded off the barges by a magnetic
2l«ton gantry crane in the Plate Stofage Freu. 211l steel plates
and shapes will be storsd here. Steel will be shipped regularly
Lo the yard in the sequence of assembly in order to support the
conabyuction schedule, Large inventories of stsel would only
pile up and begin to rust. The ‘torage irea is a laval space
whers the plates are piled in flat stacks. This method of stacking
plates is found to be more efficient than one where the plates
are arranged vertically on edge in storage racks, The 20-ton
gantry crans which traverses the entire sxpanse of the Plate
Stornge Area is fitted with an electromagnet. It also has an
adapteble vacuuwn for aluminun plates, ’The gantry crane is run
by one man, aAs the plapes are received they are stacked in
designated piles. The designation mark is often placed on the
plate at the sieel mill, To facilitate this crane thers is a
small flal car on rails which serves as a carrier for the plates,
The crane takes the plates off the bérgc and places them on this
flat car until it has 2 load. It then travals to the plate
storage location where the crans then 1ifts the plates off the
car and places them in their respective siacks, One man operates
this flat car which is self-propelled. /3 each plats is reguested
the ganbry crane collects the plate from its stack and delivers

it to the conveyor-rollers lccatad at the end of the Fabrication

Shop.,
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Once inside the Fabd shop the plates are first metal blasted
to rid the plate of any dust, mud, or rust which may have deposited
on the plate. The metal is very fine and is collected, almost
coiapletely, and reused., The amount lost is almost negligable.

The plate then continues on the conveyor to the plate straight-
ener where the plate is flattened for easier handling and marking.
The next phase the plats goes into the marking gantry, Here the
plate is marked for cutting by an auf;omatic marking gantry. The
marking gantry is fed computer programming tapes which mark the
plate and &ll penetrations involved., The plate is then marked
with its part number mamually. This may be easily done by one
man right after the marking gantry. Next, the plate is cut by
an automatic cutting gantry which not only cuts out each plate
and its penetrations but also cuts it into the desired edge
preparations. Each cutting location is fitted with three cutting
torches as sach plate 1s cut with the correct edge preparation

in a single pass,

Now we have particular plates and pieces with all penetrations,
edge preparations, and numerical identification already completed
and ready to assemble, The flat plates are moved directly to the
Panel Shop. The curved plates are transported to another location
in the Fab shop where a large press cold bends theﬁi tc the specified
shapes., This press is a capacity t.ha-xt. it is capable of bending 6"
plates of steel to a 4'radius and have almost no deformation in
the thickness, It is also capable of meking double bends, There

are, however, some plates vwhich cannot be curved correctly by the

)



large prese and require heat to be used. These are generally very
irregular shapes which cannot be Titted into the press. There is

a mmall furnace at the last station in the Fab shop to accomsodate
these irregular shapes, The curved plates are then transported to
the Shell Shep via large flat bed trucks. These trucks alse |
transport the flat plates snd shapes to the “anel Shop.

In thes Pane) Shop the plates and shapes are welded by an
automatic gantry welder which is rm'.by computer tapes also,

This type of welding is very inexpensive, efficient, and produces

a good quality weld, 3ince all the welds are straight line welds,
it omn be very fast. The plates are first welded on the back side
or side opposite the stiffensrs and girders. The mub-assembly

is then flipped over by a ldrgs crene which can handle plates in
widths up to 56' by 56, The back side is then welded and the
stiffeners are wolded to the plates. The sub-assenbly then
continues out on the Panel Shop conveyors. |

In the Shell Shop the curved plates are fitted together and
welded by hand, The welding gantry would be far too complex to
weld curved plates and 1s cmitted. Because there are not nearly
as many curved plates as flst plates, the fact that they are welded
manually is of 1little consequence. After the curved plates are
welded, the stiffeners are walded to them,

Now we have sub-asseablies coming from both the Panel and Shell
Shops. These subassemblies are moved on very large flat bed truoks
to the Sand Blasting Shop. Here sach subassembly is sand biutod
from every angle to a white metal. It remaine in this shop wntil
1t is oexpletely sand blasted which geta the subascembly very hot.



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

the size and/or complexity of the subassembly. Once the subassembly

coels 1t is moved by the large flat bed trucks to the Paint Shop.
The subassembly is raised up into tha air for bottom aceess and
complstely sprayed with primer. This primer is a quick drying
paint and the subassembly is gone in_a matter of hﬁurl. Just
before leaving the Paint Primer Shop, .t.he subassembly is numbered
by the Numerical Identification Department, From here the sub-
assembly is moved to the Storage Area by the large flat bed trucks.
then the subazsenmbly is needed it is moved by large 200-ton
gantyy cranes Lo the assembly erection site, Each subassembly is
fitted together to produce assemblies, These assemblies are then
moved to the Module Erection location where they are put together,
Thess modules are the last step befors the ship takes shape. The
modules are completed and moved to the Module Assembly erea, This
is the final phase where the ship is assembled as the m: cone
together to form the ship which is ready for launohing. There are

many small pleces and squipment which are installed before launching

and are handled by small 1l5-ton portable cranes, These cranes are
on large whoels and are extremsly versatile, All support areas
such as shops feed the building area via small trucks, The large
200-ton cranes are capable of making 90° turns proving their
versatility.
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CONTRACT PROPOSAL

A contrect is a formal agreement betwsen two or more parties,

especially one thst is legally binding. To be legally dbinding a
contract must oontain an offer, acosptance, obligations of each

- party defined, and adequate consideration, A contract can be

oral, hand written, or typed. m1t is typed and signed
for record or proof,

Quite often a need arises for a change, menﬁstbo an
artiole on changes with ship's contracts. The types of changes
which may be made under change articles within the scops of the
contrect are drewings, designs, and s_p.ciﬂ.cationa. Only a
contracting officer has the authority to arder or authorize a
change, The shipyard should t'urnhh-itl legal department wi.th
full, complete, accurete, and timely information with respect
to changes. FRequests for changes are generally made for better-
ment, correction, and Waivers or Deviations. %“here a change is
requested a preliminary estimate of cost should be submitted,
The shipyard must keep the best vossible recorde of changes,
elpoe;ally t.h-o; which are being requested because of verbal
or other instructions other than formal change orders.

“hen & change order occurs an equitable adjustmaent must be
made. An equitabls adjustment is the difference in cost of
performance of the work as changed by the change order and the
wrkhdﬁnchmpoﬂormtbmiwplumﬂlmu'for

profit.
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There are many typas of delays involved in building ﬂp.
The *Foros Majsure" type are acts of God such as weather, strikesa,
etc. The acts of government include plan approval delays, change
orders, governasnt furmished property, priorities, stop work or
suspension orders, stc. Vender delays must be sxcusabls for the
vender also. Difficulties in motin_g specifications requiring
advancement in State of Art delays are also excusable delays.
Notification is the major key to having delays recognised as
excusable, Any suspected delaying matter should be brought to
the attention of the legal depariment 8o they may immediately
giutin];muutoﬂnmmrqd onop.mt.oiﬁuddng
solutions and providing documentation of the saount of delay
incurred. It 1s alao essential that the actual amount of delay
caused to the ultimate delivery schedule be documented.

The importance of delay detemination, notification, and
dooumentation is a direct result of money. A company may be
subject to penalties including liquidated dsmages, termination
for default, damages for breach of contract, and refusal to
orard other ocontracts.

There ars two major types of contracts which are fixad
price contracts and cost reinmbursensent. contracts. To further
define types of contracts each of these types are broken down
into detailed types, There are three types of fixed price
sontracts desigzned to facilitate proper pricing under varying
siromstances. These three types are: _

1. fim fixed price ocontrect -~ this is the type most

preferred by the government becauss the maximm risk
is plased on the contrector. |

rd



2. fixed price contract with escalation - this type provides |
for an upward or downward adjustment of contract pﬁoc.
3. fixed price incentive ocontracts ~ this tyl;a provides for
upward or downward ad:}uat.m of the contract price by
a formula based on the relationship of the negotiated
final cost to an indtial target cost.
At the outset the government or owner and contractor negotiate a
target cost, a target profit, a pri.ce oolling, and 8 formula for
establishing final profit and price. After performance of the
_wemtract, the final ocost is computed and audited. The final
contract price is then established in acocordance with ths formula.
Where the final cost is less than target cost, the formula provides
a8 final profit greater than the target profit should be, Conversely,
where final cost is more than target cost, aprlication of the
formuila results in a finel profit less than the target profit, or
even a net loss. |
There are also three cost reimbursement contracts which favor
the company. They differ from fixed price oomracfs in that a
contractor is reimbursed for ths allowable costs that he incurs
up to an amount ‘or.tginalu estimated for contract performance.
Risk to the contractor is minimized since he is generally under
no obligation to continue with contract performance after the
total estimated cost of the oont.rac;t. has been expendad,
Cost reimbursement type contracts are not to be used except
when 1t is likely that it will be less coatly to the owner, or
when it is impraetieal, jue to the nature of the supplies or
services being procured, to use other contract types. These
three types are:
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1. cost contract - under this type, the contraetor is
reimbursed for his allowable cost of performanss but
receives no fee.

2. ocost plus fixed fee contract - this type is the least
desirable for the owner since it afforde little or no
incentive to the contractor for oost reduction. The
contractor is reimbursed his allowable costs and is
given & fixed fes established at the contract start
not. to be affected by actual ocosts,

3, cost plus incentive fee contract - this type provides
for the inltial negotiation of a target cost, target
fee and a minimum and maximum fes together with & fee
ad justment formula.

The Southern Marine Systems Shipyard proposes a fixed priee
incentive contract with a 75/25 sharing line. The target ocost is
set a 110 milifon dollares while the target profit 1s set at 11
mi11lion dollars or 10f of the target cost., The celling price is
128 million dollars, We propose a eontract of this type because
we fesl we can meet the schedules and observe a maximmwm profit,
We feel the contract will be ours for this contract is attrective
from the owners point of view. It will result i{n two ships
produced in & minimum of time resulting in msaximum return.
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PRELIMINARY PLANNING

?reliminary Planning is an organizing procedure to eonstruct

a ship. It involves a series of steps to see just what the shipyard
has or needs to complete a particular contract.. There are three
baslc necessities to preliminary planning which are; maske a ahlpway
schedule chart, make launching calculations, and check for adequate
erane capacity. To make a shipway schedule chart the shipyard must
first establish dates for keel laying, launching, and delivering.
There are several 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 machinery, space in
which to build subassemblies, and launching facilities., Manpower
requirements must also be checked for the yard may be lacking in
technieal aapects such as welding, joining procedures, and new
products in machine applications such as bending presses, The
general labor situation should alsc be checked. If the shipyard
is having labor problems, they should allow for this in their time
estimates, If a shipyard is in good condition with the labor
unions they will probably moke a closer estimate on the key dates,
The raw material market should also b9 obgerved for the shipyard
would not set a date for delivery kmowing the steel for the ship
might 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 possibie
ke=eping in mind that they are only as good as the psople you depend
upon. These people, such as vendors, may have difficulties beyond
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their control which will affeol the key dates in the shipyerd.
A1) of these factors must be considered in bidding on contrects,
No shipyard wants to pay penaltles when it could have been awoided
by a little mors research on one of t:he previously mentioned areas.
In making bids on contracts or working preliminary plans some -
method of procadure should be followed in order to complete a bid
with accurate dates and figures, The following is a typical
Preliminary Planning Procedure:
I. Establish Key Dates,
II. Make a chart for the Key Oates,
III. Make consideration for fam in and/or farm out work.
IV, Check plant facilities to see if the yard needs:
4, any new machinery
B. new type of workers
C. more employees
D. more warehouse space
E. more storage space
F. heavier 1ifting equipment
V. Make a detailed constmct.ioh scheduls.
A, ineluding 2ll important tasks with start and completion dates
B, should be capable of easy modificatior_n to reflect actual
conditions

C. most yards now use the critical path method

VI. Kaliv orders for long lead time material such as boilers,
reduction gears, »ic.

VII, Engineering and/or design work must be scheduled to support
both the orocurement and production efforts.

A, This includes a working plan schedule consisting of
3l



structural, machinery, piping, ventilation, electrical,
and joiner plans,
VIII. Change Order Procedurse.
IX. Plan an erection asquence. -

The Shipway Schedule Chart listed in the FPreliminary Planning
Sehedule is a chart showing the key dates in & contract, There
are actually two charts involved. One chart shows the actual dates
of keel laying, lawching, and delivering for each mll. The other
chart is actually a bsr graph plotting the hull completion sequence
versus time,

In the Scuthern Marine Systams S‘hipyard the new system has a
"plate cutting™ date rather than a keel laying date. Sinoe this
yard does not actually lay a keel, ws set the corresponding date
to the time when the first plate of a ship is cut in the Fab 3hop.
The launching and delivering dates are the same. Our schedule is

as follows.

ship #1 2

fabrication 1l Feb 71 - 22 April A

keel laying 1 June 71 22 August 71

lameching 1 March 72 1 May 72

delivering 1 June 72 1l July T2

197 1972 ]
WwisiglElF{d|lolZlalelal>] W]
Z 3 5|yi9l8]m| Zi@lZla|=< Z |
SIS <| @V OlZ|o|wmiwiE|<i T = =4
Shipways HUlf- NG @9
No. | utq No.j e
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COST ESTIMATE

The bu:lldingmmtortholhipuamohmdividodim
different catergories. These are as rolluwss
(1) Hull structure cost
(2) outritting and Hull Engineering costs
(3) Propulsion maehinery costs |
(4) Miseellaneous costs -
(5) Overhead costs
(6) Profit _
Easeh eategory is further broken down to det-c:mim the t,;otal
building costs of t.ha vessel ., |
he hull structure cost is based on an average steel :uterhl
oost of $264 per long ton net weight, Included in this is trsns-
portation and covers spesial shapes, welding vods, castings, forg-
ings, and a nominal quantity of sluminwum and specisl etesls us
well as ordinary shipbuilding steel, .

Hull Structure Cost
atulntaﬂﬂm-w.xm_mlmgmmmm

= 29,333 x $264 =$7,740,000

Outfitting Costs

outfitting material ocost = ¥, x material cost per long ton
= 2,900 x§980 = ‘2,3&0,000

Hull Engineering Costs
hmll engineering costs = Wy x material cost por long ton
= 3,479 x $2700 = $9,400,000

40



Machinery Propulsion

In order to estimste the machinery propulsion costs, conventional
empirical formulas for steam propulsion were used. 3ines our ship is
gas turbine propslled an estimate was made from these of the material
costs,

materdal costs = 3416,000(—pes)"8
- 216,000(2683%09)+6 o g

= $7,110,000

Miscellanecus Costs

A1l of the foregoing goste have been confined to specific parts
of the ship. 7The miscellaneous, or nonweight coste, must alao be
consideraed. In order to sstimate the cost, the mubtotal of material
costs for structure, outfitting, hull engineering, and machinery
were increased 10 per cent,

miscellaneous costs = 82,709,000

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

miscellanecus labor.

labor costa = $929%,000

Overhead Costis
Estimabing the overhead is appmxinated as a percentage of labor
cost. The ratio of overhead to labor was appraximated to be 70%.
This value ies particularly sensitive to the level of work and to the
level of investments in lahor-saving devices.
overhead costs = $13,029,000 x 70% = 9,125,000

4.



“rofit
Profit was calculated as a percentage mark-up of the summation
of a1l the material, labor, and overhead copts, This wad'estimated

o be 10%,

profit = 35500,000 per vesssl

Fotimating

Estimating 12 an independent dipurt.nnt. renortine Lo top
management because of the nature of its work ani the corpeny eone
fidential information handled. The functions of the Fstimating
Jevartment. covers thres broad areas: eost eatimt.ing, preliminary
budgets, anl contract adminiatration;

Labor estimites are prepared from contract plans, apescifications,
and material piek-off quantities. Fstimated material prices which
ire not covered by vendor guotations are assigned from current
estimating pricing data, In gensral yxrd lubor 1s summarized by

zyastem in accordance with type of wrk center or trede,
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MAN-HOUR ESTIMATES

Man hour estimates are calculated in a manner similar to that |

of cost estimates, using empirical formulas., These estimites are

broken up as follows:

Hall Strmcture

W 4,85
m - ey gr—gl -
3(1000) W - net might.of steel in long tons
.8 c ~ cosfficient based on an efficient yuril
ey
= 1,198,000
Outfitting .
HH = (G-L;%)"? Wy » net weight of ocutfitting io long tonn

| - fficiant of average value
- o0 !9 [+ coe
(20,000 3—1 00)

= 358,500

Thia breakdown assumes no subcontracting of deck covering or

joiner work., ' _

Hull Engineering

MH = (o ‘1%)-75 ‘lHF = weight of hull engineering items -

in long tons
= (51,000 %}‘75 ¢ ~ coefficient
= 1,779,000
Machinery

W =$24,000(1224000).6 x 508
= 55114.,000

50



The total cost of the vessel was based on an average hourly
rete of $3.75.

total cost per vessel = $55,000,000
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This is a table of offsats set b.p for our shipyard., We give
dimensions in feet, tenths of feet, and hundredths of feet., This
differs from the conventional method of giving offsets in feet,
inches, and eighths of an inch, (Mz L-5-6 ulﬁch reads as
21 feet, 5 inches, and 3/4 of an inch) The reason for this
difference in dimensioning is because of our modnlar construstion
and numerically controlled equipment which operates using this
numbering aystem,

STATION ©
Waterline Distance Off Centerline ‘Distance Off Baseline
4 3.00°" &
8! 3.451 ar
161 1.95¢ 16
21 0.8, 2ht
32 0.00¢ 320
40° 0.75¢ . 40!
48¢ 1.85 48!
561 3.00¢ 56!
&, bhobl &,
721 6.98! . TR
80! 9,98¢ 80
ag: 15.00°¢ agt
93¢ 19.25¢ 93!
STATION 1 ,
4 6.50°" L'
8 6.98¢ 8!
16% 6.72" 16¢
28 6,50 2h'
321 8.00': C 3R
Lo 9.75¢ 40!
‘.,89 nn&i-‘. w| ,
56 po20' - 56!
bh 17.50¢ &'
72" 22,00' 72
801 27.98' - 80+
gar 325" - aa*
90,25" 36,40 ST 90.25°

-
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TATION 2

Wa
teriine
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2
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160
24%
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48"
56¢
&l
7.
8.47°
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113.24'
13.80"
15‘.95'
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17..00'
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46!
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15.00
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25
3333?:: |
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~00"
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.15,
u.'oor
2"
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STATION §
Waterline

Distance Off Centerline

30.00¢
37.50¢
45.20°
50.00*
53.251
56.471
59. 50°
62,20°
65,001
67.43"
69.50¢

38,00
48.00¢
56044
abw'
64, 00"
66.15¢
68, 00!
70.001
71.82¢
73.34
Tho75¢

50. 00!
58.25°
65.15°
69.25"
70.97!
72.40"
73.75¢
Th. 56
75.25"
76.00?
76. 581
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STATION 8
Waterline

h'l

gt
16
2&!
32!
40t
“BI
561
6,1
72
78¢

STATION 9 y

hl

Bi
16
zl‘l
32
40!
wl
561
&‘_i
72!
78!

STATION 10

4

g’
16’
2"!
32
40°¢
L8*
56°
6&:
72!
78°

Mstanos Off Centerline

62, 00"
68.50"
T4, 00°
75.50°
75.99*
76.,20!
76.50°
76.75"
77.00°
77.25!
77.50

72.00¢
76.00°
TT.20°
77.651
77.70%
T7.75¢
77.80*
77.85!
77,90¢
T7.95!
78,00"

Th.25*
77.25"
78,00¢
78,00+
78.00*
78,00t
78.00'
78.00¢
78.00°
789 00'
78.00!
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STATION 11

Waterline Distances Off Centerline Distanes Off Baseline -
4t 74.00¢ I
a! 77.001 a

16¢ 78.00! 16!
24 * 78.00! 2"
32! 78.00! 32
LO? 78,007 . A0'
L8+ 78100¢ : 481
561 78,00° . 56!
N 78.00¢ N-X
72¢ 78.00! 2’
78" 78.00" '8¢
STATION 12 ,
41 68.20" b’
8¢ .15 8i
16¢ 77.50" 16!
241 78.00! 2y
32! 78,004 3a2¢
401 78.00! : " 40!
",B' 739(»' - e w.
56! 78,00 ' 561
byt 78,00 - . 84
7at 78.00¢ 72!
78? %’WI 73!

STATION 13
b 59,007 i 4t
8¢ 68,00t 1
16t 75.80° 16*
2t 77. 501 20
321 78.,00¢ 2

40 78.00" 40°
481 78.00t 48!
56¢ 78.00* - 56!
64 78.00! 8yt
721 78.00" - . 72!
8¢ 78.00" 78%
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STATION 17
Waterline

12¢
16}
2!
32
L0t
481
56+
6‘._!
72!
789

STATION 18

21,75
21'!
32!
w!
wl
56"
61‘!
72"
78, 25!

STATION 19

28.1 50'
32!
LOY
Z'Bl
56°
6‘.!
72!
T8.45*

STATION 20
331

D stance Off Centerline

3,00¢
22. 00!
49,001
64;..00"
71,00
Tl 40t
75.95"
76.90"
77.00"
77.25"

3.00°
22.00°
5h.98¢
65.50"
70.00'
72,99
74.40°
75,007
75.50°

0.00¢!
41.00¢
58.00!
64.. 00!
67.00
69.00?
70.25'
71,10°

0.00°
50,00*
56.50¢
60.30!
62,75
64, 50"
65.90"

Distance Off Baseline

12
16
25
321
A0

Ml
56!
a‘_i
721
78
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GENERAL ARRANGEMENTS

The general arrangements for this ship pressnt some unique
problems because of the cargo handling system. First, there could
oe no longitudinal deck bsams because of the monorail cranss; thus
the hatch covers have to span the entire carge hold. The container
cranes require a 30 foot minimum clearancs abowe the main deck thus
requiring the placement of the bridge completely aft. The forward
structure 1s, therefore, linited to a maxdamum of 30 feet,

The hold arrangement was determined such that the best possible
arrangement 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 /1 and #2, In
addition, the forward bulwark was extended past the forecastle
deck to provide added protection for the containers., The ship
carries 1,812 8' x 8,5' x 40' containers weighing 54,360 long tons.

The machinery space is located approximately thres-gquarters
aft because of the hull form and the necessity of using triple screw
propulsion. Above the machinery space (which is 100' long) we
located the engine intakes and the quarters for the machinery
officers and crew, Aft of the cargo holis, the decichouse contains
the messrooms, deck officers' and crews' quarters, and the naviga-
tion bridge, The bridge deck is located high enough to provide a
view of the forecastle deck over the containers above main deck
level. The quarters arrangements were determined from present

practice using the ABS rules that were applicabls,

70



The drawing shown is typical of the general arrengement of
the ship, giving the inboard and outboard profiles and a plan
view of the cabin deck, The cabin deck was also used for a
typical airconditioning installation.
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ERECTION SECUENCE OF THE SHIP

The ship is broken down into six basic modules., The modules
are the largest existing elsments 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, These complicated modules consist of
bow, stern, and machinsery modules. The machinery space module
will be designated as module #1 sines it ie the most complieated.
Following the machinery space module, the order of construction
will be: the stern module, #2; the bow module, #3; and then modules
#,, #5, and #6 will be started simultanecusly since they are mainly
carge hold modules,

The stern module, #2, ia very complicated in that it contains
the propeller, shafting, rudder, steering gear, aft deckhouse, and
multitudes of curved plates, The bow module, #3, is started next
since it contains anchor handling equipment, fore neak, and
eritical curved plating and bulkheads such as the collision bulk-
head. The remaining modules are mostly cargo holda with some
curved plating. ,

Onee the modules are completed they are rolled into the
erection area, Here the modules are moved together in thedr last
stage of construction in the building area. They are moved
together and connected in this sequence: The bow module, #3, is
moved to module #, and connected at the same time module #2, the
stern module, is moved to module #1, the machinery space module an
connected, The next step involves the combination of modules #3 and
#l, moving to #5 and the combination of modules #2 and #1 moving to



#6. Here thay are connected and the aft end of the ship will remain
stationary. The final step moves the forward half of the ship to
the aft portion where they are connected,

Onee the ship is gssembled it 1s moved out onto the launching

pontoon where it is launched,
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STEEL ORDERING SCHEDULE

Strmictural steel is the most important construction material
in a modern ocean-going vessel; therefore, it 1s given priority
over other materials., Mill orders are prepared by the Enginsering
Department, Plate sizes are sslected from plans and the plating
model., A detailed schedule of erection sequence is prepared and
from this schedule plates and shapes are ordered according to
their time of fabrication. Steel is ordered & to 90 days in
advanes of its use, This permits Southsm Marine Systems to
have a minimum steel inventory but at the same time it allows
for unavoidable delays in the receiving of the steel,

Physical tests of the steel are conducted at the plave of
mamufacture. These tests must confom to the requirements of
the ABS. If the tests are completed satisfactorily, the steel
is punch-sarked and shipped to Southérn Marine Systems' steel
receiving arsa, The steel is then stacked acoording to thickness,
length and width, and grade. Great care is taken to segregate the
higher strength steels from regular miid stesl because of the
serioue consequences that would rasuit if the two types were
eonfused.,
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CRITICAL PATH EXAMPLE FOR
JOOULE HOOKUP

There are often several methods of conducting a given task.
In order to determine which method 1sr.h. shortest and fastest,
all methods or paths must be moosn:l;ed,' considered, and accepted
or rejected. The critical path is the longest and most expensive

method of obtaining an cbjective. Most processes are tims limited.’

~ Time represenis gains or losses in money. Since money is man's

1.

3,
%

medium of valuss, he will naturally follow the shortest and mwost
economical path in reaching a goal 1;1 order to make the most
money, There are many tasks thmug!ﬁut‘ the operation of a ship-
yard involving such complicated tasks as plan schedules to much
slupler items as deciding different shifts in t.he- cafeteria,

We have shown the critical path sxsmple for module an.
This involves connecting the modules to ecmplste the ship. Theve
are four basic paths which we may follow in connecting the modules
to form the ship. OthOF. pathe involve the same time elements
except. in a different order and may be cmitted in this exaaple.

The four paths are:

NN 51 4QD

modules are assumed to be spaced at 504
Path #1 Path #2 Path #3 Path #&

C stationary #2 stationary #6 stationary #6 stationary
5= C = 258 1-2m= 50 1 -6~ 50 3«4 = 50
6~ C = 250 6 - 1 =100 5-6m=500  L#3-5 = 50
b~ 575 5 - 6 =150" 2-1=1000  5+h+3-6-= 505
l-6="751 4 - § =200¢ L - 5 =100* 2-]1s=50

z 3 =~ 4 =)259 3 = 4 =2500 3 = 4 =150 142-6 = 50°

o 2 =1 =125t :
oL 5 3 235

M

WA T LI . ) et e

100



Path £1 1» omitted because it contains six(6) ssperate steps
and covers 500 in the process. It 1s obviouely too lonz and
would result in a great deal of expense. Path #2 with module #2
stationary will not be usaed either. It is the eritical path as
it contains five separate steps and i_.mrolns 750" of distance,

Path #3 is better than the previous paths as it involves 550" in
three steps, However, path #; with module #6 as stationary
involves only three steps and 250', This is obviously the shortest
and fastest path. We feel this method may be adequately used in
saving both time and money.
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SUBAGSEMBLY BREAKDOWN

Bach module is broken down into &ssemblies. An assembly
consists of subassemblies which in turn are composed of pleces,
fabrications, and plates, In this manner each particular piece
may be traced back to its origin. In the subassembly breakdown
we have taken a subassembly out of a typical cargo hold bulkhead
assembly located at the forward end of Module #5, The subassembly
is shown with only the pisces required in the construction of that
subassembly. Often there are more pieces involved such as bracketa
which go into construction of assemblies. These brackets are not
shown on the subassembly but on the assembly drawing showing all
erection components.,

The selected subassembly typifies bulkhead construction as
it shows plates, stiffners, large webs and flanges, and flat bar
stiffners. Eaeh of these pleces is shown in a separate drewing
showing its size, dimensions, and type of material. Some pleces
are fabrications which consist of two or more pieces., Many angles
and tees are Ffabrications. Each fabrication drawing consists of
the pieces required to construct the fabrication. Many items
such as angles are used throughout the hmll and differ only in
length, These plsces are designated as standard diawings and
reflect one piece number. Other locations for this piece may
refer to that drawing and call for a different dimension.

HO



MATERIAL IDENTIFICATION
. -

Most procedurss in our shipyaxd center around the modern
production line technique, as does the material idemtifisstion
system. Raw materials such as plates and shapes are color -
goded according to their chemical makeup and l:lze.- A computer
keeps 8 Tunning inventory of all plates, shapes, and material,
the location of each, and quantities available. An identification
number is placed on each plece as that plece is cut. _

The material 1denti£‘i¢atiaé system employed consists of 13
- digits. Thea; 13 digits give the-exact location of each piecs

in the ship.

first 3 digits ol
next digit - * " sodule
next 2 digits assembly
next 2 digits subassenbly
next 2 digits febrication
last 3 digits " plees

| Example: )

hull mmmber assembly number fabrication mmber
~ { .
606~1=33-24~10-121

module number subasseably number piece number

number designation range
hull number is a 3 digit number 000 « 999
module number 18 a 1 digit number 0=-9
assembly number is a 2 digit number 00 - 99
subassembly number is a 2 diglt number 00 - 99
fabrication nusber is a 2 digit number 00 ~ 99
plece number is 2 3 diglt rumber 000 - 999 120



In & module drawing the imll number and the moduls mwber
are the only numbers required, Therefors, the remaining numbers
are designated with zeroes, There are also many drawings such
as a lines plan drawing which will contain a hull aumber only
leaving the remainder of the numbers as zeroces, For the few
drawings occurring in this menner an alphabetical list is
composed including all of thess no mumber® drawings. We feel
that this system is adequate for the few drawings of this type
pertaining to each ship., This system leads to less confusion
for the laymen in the field as they will probabhly never see my

other type of drawing.
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PLAN SGHEDULE

“hen constructing a ship many plans are mmi;vd. Mmly,
some plans will be required at an eaflior date than others. A plan
schedule is a3 list of required plans in the correct construction
sequence. This enables the various departments in the yard to
call for certain plans st the proper time, This imuhs availability
of the plans and reduces the possibility of misplaced or forgotten
plans, There are many drawings which are considered standard
drawings, such as details, doorways, electrical fixtures, plumbing
fixtures, etc. The plan schedule must determine the times when
these standard drawings will be available and needed. To prove
the necessity of a2 plan schedule the outfitting crew would not
want the portable furniture layouts before the final painting
plans., ‘

To further illustrate the necessity for a plan schedule a
few drawings or plans are given below in the respective plan
scheduls: |

Cabin DJeck General /rrangement Plan

Cabin Jedk Structural Plan

Cabin Deck Penetrations Plan

Cabin Deck Electrical Plans

Cabin Deck Piping Plans

Cabin Deek Ventilation, Heating, and ?irconditioning Plaas
Cabin Deck Insulstion Plans

Cabin Neelc Paint Schedule Plan

130



GERTIFICATION AND GUARANTEES

In compliance with the following regulating bodies; 1) Ameriocan
Bureau of Ships, 2) United States Coast Guard, 3) Unites States
Public Heslth Service, 4) Fedsral Comsunications Comaission, and
5) the United States Customs Department, Scuthermn Marine Systems
will present the following certificates to the ouner upon dol:l.nry..

1. Seaworthy Certificate

2, Losd Line Certificate

3. Anchors, Chains and Towlines Certificate

4. Hull Claseiffcation Certificate

5. loading Manual

6. Machinery Classification Certificate

7. Safety Construction Certificate

8. Inspection Certificate

9. Stability Letter

10. Safety Equipment Certificaté

11. Deratization Ezemption Certificate

12, Certificate of Sanitary Construction

13. Safety Radiotelezraph Certificate

14. Radlo Station Licemde

15, Certificate of Admeasurement

16. Official Number Certificate -
17. Home Port Certlificate

As & service to the owner, Southern Marine Systems will turn
over the following plans and manuals, _

1. Master Caypenter's cort..tﬁ.utr

2, Certificate of Deadweight

3. Register of Cargo Gear " 140
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4o List of Instructions Books .

5. List of Plans

6. Trim and Stability Rook

In addition to the preceding certificates, Soithern Narine
Systems will present the owner with a six-month guaruntee en
performance and against failure of the ship or its equipment
as a result of material defects or faulty workmanship.
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MIDSHIP SECTION MODULUS

The midship section of the 1,149 foot containership is of

standard design except for the box girder, where four vertiocal

longitwiinal bulkheads help add to the longitudinal strength.

All plating in the box girder is two inch (2") thick 47,000 yield

stesl, The following table gives some of the properties of this

high yield steel,
Mechanical Properties
yield strength, psi - min,
tensile strength, psi - min,
elongation in 8" - ¢
approx. NDT range °r
avallable thiokness range

relative cost® Deec. 163,
ref. ABS Class "B"

heat treatment
waldability

Chemtstry

Mils 161138 Gr HT
47,000

88,000 max.

o0

-60 to O

no 1imit

1.67
nornalized

very good

+18 max.
1.30 max,

+Oh

05

15 = 35

.15 max,

«25 max.

.06 max.

.02 min.

«35 max,
.005 min,

ST



The folliwing are the requirements for both top and bottom
of the ship according to the Amesrican Bureau of Shipping,

wild Steel bl ,000 in°ft
HSS (47,000 yield) 329,000 in2rt
SMog = SMyg x Q -
Q = 290,00 Y = 47,000
U = 38,000
<= 550
Q= .7

SMooq = 4Lhk,000 x 7%
SMyes = 329,000 inte,

The setual SM caleulzted by Southern Marine Systems ﬁsing

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

in the bottom until the upper turn of the bilge for the entire
midship LL was:

My = L.« 2T,136,904) = 349,000 inrt
Cy Ll

o = L o 207.136,908) _ 2
Uy = - AToLI090) « 369,000 1n°e0

ks the figures vhow the ship is over designed for ths midship
section modulas i3 considerably larger than it need be aceording
to 2B5. Southern Marine Systems therefore recomnends that with
the owners perwission the midship section be modified to bring
it into closer agreement with ihe mt‘;uirements of ABS.
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WBLD INSPECTION

The Southern Marine Systems yard is equipped with a yedio-
graphic laboratory which contains X-ray equipment, -radiclsotopes,
ultrasonic testing equipment, a dark room, and equipment for
inspecting pipe and small castings. Portable equipment is taken
to various parts of the yard to inspect ships and large pieces
of work as required, High pressure steam piping joints and
pressure vessels of many kinds are required to be radiographed,
and much of this inspsction is done in the laboratory uaing
large X—ray machines which may be moved about the shielded
portion of the laboratory. This is an sconomie advantage in
that it saves time and money, The laboratory is also equipped
with surface inspsction equipment such as magnetic particle and
liquid dye pesnetrant,

Sub-surface inspection of hull welds is a random type ot
inspection aimed at maintaining welding quality at a high lewel.
Nondestructive subsurface inspection is acocomplished bty radio-
graphy or by ultrasonic means, Inspection of the welding of
the main hull structure is confined usually to the midship.
three-fifths length and concentrated on the uppsr strength deck
and bottom shell where the plating is over i-inch thick.
According to recent merchant ship specifications, Ehom are
150 to 350 specific inspsctions for hull welding, Prectically
all of the locations are in transverse buti welds and weld
intersections in the vicinity of the gunwale, bilge, and hatch
cormers. Southern Marine Systems inqtit.ntea a systematic
inspection as a yard quality contrel function and, at the same
time, a8 a means of meeting classification soclety requirements.
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Yhere low alloy steels are used, an increase in the required
amount of inspection can be expected. “

With respect to locations to be .inlpoctod, it is important
to note that where extensive deck or shell fractures have oceured
in butt-welded types of joints, essentially all frectures dewel-
oped in trensverse butt welds; that is, in the highly stressed
areas of the deck and bottom, not in fore-and-aft seam welds,

Acceptability of welda is governed by the particular type
of weld condition and the location of the weld in the ship. Since
classification socleties have rather gemeril requirements fo.r
guidance of their inspection force as regards subsurface exam-
ination, the shipyard and inspection force must exercise careful
Judgment on many occasions. .

Most subsurface inspection of welded plates 18 up to about
13-inches thick 18 carried cut with portable X-ray equipment.

The results are recorded on photographic film, generally 17 x 4} in.
wWhen the X-ray machine is in operatign, the imodiato area must

be roped off for about a 20 foot radiﬁs to keep workers from
walking through the radiation sone. :s a health praoaution,'
radiographers carry film badges which measure redigtion oxposure.,
The badges are checked at frecuent interwals.

For inspesction of the thicker pint.ol or castings, a redio-
isotops such as cobalt 60 or Iridium 192 is used., The health
precautions are somewhat morse reatriét.iu than mqﬁiment.a'
for X-reay inspection., The inapectloi; resilts are recorded on
photographic film, as in the case of X-rey,

This typs of inspection is frequently used for large tubes

and pressure vessels. When a butt weld of a hrgomho of any
thicimess is required to be radiomﬁmd, it may be advmt.agms 6.l



to place the capsule in the center of the tube and record the
resulte on photographic film previously placed all around the
butt weld.

Ultrasonic besting 16 a relatively new msthod of inspection
and is used in conjunction with radic.agraphy. Pulsed sound is
sent through the steel and 1s reflected by any discontinuity in
the steel along the sound beam., This method relies on a portion
of the surface of a defect being easentially perpendicular to
the sound beam. 'The reflected signals are cbserved on the
oscilloscope, in ultrasonic beam introduced perpendicular to
the plate surface is espscially valuable in detecting lmﬁml
which are parallel to the surface, but it will not easily pick
up ecracks normal to the surface. Therefore, in checking for
defects normal to the surface, the sound must be directed into
the plate at an agle, Interpratat.iaﬁa of the oscilloscope
indications are made by well-qualified and experienced personnsl,

Magnetie 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 cracks or large
defects are present, It also can be used in conjunction with
subsurface inspection.

Dye penetrant is used to inspect weldments in nomnmagnetic
piping. The following prersquisites are met before this type
of inspection is used: |

1. Penetrants must conform to rigid standards controlling

toxicity, flammability, flash point, halogen point,
and other c¢ontaminants, ’
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2. Clean test surface: got rid of contaminants

3. Control temperature of test surface

4. Adequate lighting and ventilation

Getting a smooth enough surface finish before you inspect
saves a lot of time 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
assoclated with dye penetrant inspection are eliminated by
closely following specified time allotments for each step of the

process, The result is afficiency, reliability, and mpeat.ahd.‘l.ityq:
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HETOING SEQUENGY.

The Southern Marine Systeme inteprates into the construction
of a ship welding sequences. The main purposss for using speeific
sequences in making wslded jointa is to control shrinkage. By
controlling shrinkage, distortion and dimensional changes may e
minimized, Purihermore, thz welded siructure may contain residual
and yeaction stresses, lockad-in stresses, which may encourage
crack initiation. Also the greater distortions present in welded
structures may induce additional stresses, &as an sxample, when
initialiy curved plating is subjected to edge compression. It
is therefore wizential that in welded ships the torrect welding
sequence must be followed,

The welding sequences that we propose are both simple and
practical as possible, Being simple, it is easily understood
and therefore is likely to be followed by everyone concarned,
Also if it is practieal; it will not interfere with production
requirementa or with the placement of a sufficient muber of
men on the lob,

A welding sequence is the order of progression in the making
of related welda. Most ship structures consist of plating and
attached reinforcing members. The welded asguernce of these
at.té.chment.a must be coordinated with that for the plating. To
reduce fairing and shrinkinyg operations, an increase in plating
anust be used if the weight margin permits,

The offect of welding sequence is more fully rezlized

when the members of the joint have no extsrmal restraint,
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then the joint members are not free to move, the effect of the
welding sequence on shrinkage is dependent upon the nature of
the extemal constraint, Scuthern Marine Systems adopis
several types of ssquences of which the following are the most
common ;

1, Continuous sequence. A longitudinal sequence consisting
of passes which are made continuously from one end of
the joint to another. This is used almost exclusively
in automatic welding,

2, Back-step ssquence, This is a longitudinal sequence

coneisting of weld bead increments which are deposited
in the direction opposite to the progress of the weld.

3, Symmetrical back-step sequence, “elding proceeds

longitudinally from the center towards both smis of
the joint, using the back-step sequencs.
Multi-pass welds sre also uvaed which include: buillt~up
sequence, block sequence, and cascade ssaquence,
The main considerations in making a welding sequence are:
1. Welding of stiffenvie to only completed weid attachment.
2, Do not run a weld into another weld perpendicular to it.
3. Mlways weld symmetrical as possible, |
Lo Mways weld up and out as a generzl rule,
“hen making a weld sequence many other impertant considerations
must be made. Good accessibility is most important. Overhead
welds should be reduced to a minimum. The complexity of the
structure should be reduced as much és possible. This prevents
small welds of bits and piescea, The sequence of fabrication
must be considered. Thls ensures that the structure can be

built in such a wey that locked-in stresses due to welding
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&re &3 small as possible. Abrupt changes in shape or section
must be avoided, The stresses at discontinuities in welded -
structures can reach very high values. Butt welds are generally
preferable to fillet welds because they avoid the buflt in

crack always present in a fillot weld and they can be radio-
graphsd more easily.
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MAIN PROPULSION LATOUT

The required main propulsion engines were gas turbines.
“With the caleulation of the required horeepowsr of 165,000 hp,

& gas turbine was chosen with capabilities of mowing the veasel
at the required spesd. An FT 4 A-14 gas turbine, manufactured
by Pratt and “hitney Aireraft, is used which produces 28,800
free turbine shp. These ratings are based at 80° F and sea
level (29.92" Hg abs or 14.7 psia). This turbine is recom-
merrled for base power plants where extended time between over-
hauls is of prime importeance, The moxima specific fusl consump-
tion is 0,53 Ib/shp/hr, based on fusl LiV of 18,500 Btu/lb,

The machinery layout includes six(6) PT 4 /=14 gas turbines
producing a total of 172,800 installed horsepowsr. Eash screw
is propellel by two FT h A~l, gas turbines. The power trans-
mission systea makes use of a single reversing reduction gear
for the centerline shaft and standard reduction gears for the
outboard shaf'ts, All thres screws have fixed pitch propellers.
The reduction gears are coupled to the marine gas turbines,
clutches atf.acho& to the gears provide for disengaging froa the
ahosd mode and trensferring to the astern mode,

The main engines are mounted on & reft which is directly
sttached to the reinforced inner bottom. Care zust be taken
to keep the engines and gearboxes eléu to aveid the need fer
excessive coupling shaft length, Other factors in the design
of the engine foundation that must bg. considered would be vibration
analysis, thermal effects of expansion, shock movements, and the
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eoffect of roll and pitch of the ship. The foundation must be
capable of transferring the load into the existing'structuri.
tn o1l sump is provided in the inner.bottom for lubrication of
the reduction gears.
Diessl suxiliary generators are installed for in-pert service.
To calculate the necessary effective horsspower of the ship,
Taylor's standard series was used,
Necessary data was given as follows:
Ship velocity = 28 knots
L'L = 1,114 ft.
Gy = 949
Cp = -598
Beam = 156 ft.
H = 35 f%.
Prom this data, the following values were calculated:

C (factor for wetted surface) « 16.1

By =656
A

Rp = 2.22

Ié? P

= 2,78

5 r

EHP = x Ax ¥V x 0,00307 = 74,600 Hp.

>
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Delivered horsapower was caloulated as follews:

OHP = ?‘% ~ 120,000 hp. My = 0,05

t = 0,12
The installed horsepower requiresent was 3!1 = 1.0
then caleulated using 3% loss in effiolency 30 = 0,67
due to friction from bearings and using a
standard 25% allowance for ID?IOI during service life of
the vessel, |

. DHP ) .
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PIPING

. ‘The fuel oil supply consists of three separate systeas to
provide adequate fuel to the turbines, These are all provided
with emergenay crossover valves, 1 eiea.n fuel oil supply must
be provided to the turbines. The first stage of protsction
aakes use of centrifugal separeting purifiers in t.msrorring
fuel from the ship's setiling tank; to the service tanks, Fusl
boost puamps take fuel from tho servioo tanks for & second stage

of cleaning in duplex filter coalescers, For emergaugy operation

during power failure situations, & header tank is used. The
header tank operates on gravity feed which supplies a liuitqd
amount of clean fusl, The turbines must be supplied with clean
fuel in order to operate at maximum efficlency.

An example of a fire main system was chosen to represent &
piping plan. e alsoc calculated the size of the fire pwmps and
other necessary data. The fire main is often used for services
such as deck washing, tank cleaning and anchor chain mlhm,
vhich do not interfere with its basic funotioms. Sea water is
the basic fire fighting mediua. -

To calculate the required flow, three mejor resistance
factors were considered. These are head loss, loss of head due
to friction, and loss of head due to velecity.

The sise of hose used was 23" with two (2) erifices at
7/8" each. The pump shall be designed to deliver water simul-
taneously from the two highest outlets a;, & Pitot tube pressure
of 50 psi,
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2%

' /—hﬂl@- H nozﬂe

flow through the nozsle:

Q= VA .
Q = 8.6 ft/sec x 00415 142
Q = 0,357 ft’ses ~ per nozsle
Delivering water to two nozzles simultaneocusly:
0 = 2 x 0,357 £t3 /860
Qe 70 fta/m - per pump ]
using 4" pipe from pump to nozsle:
A = 12,6 1n? = 0,0875 £t2

Ve _g,% rtaéuc = 8.15 ft/sec
00 5 ‘

head loss due to friction:

Reynolds mmber = PV L « 2.2 x 105
P

Using galvanized pipe and a relative roughness -g- of .001, | Fron

this, & friction factor can be found to be; £ =~ 0,02

Equivalent lenzth due to loss in fittings:
gate valve (6) = 667
elbow 90° .(2) = §0¢

equal tee (1)-51%

Length of piping: 436'
Loas of head = f...".'.. x V2

D 2z
2
H-,Mx.%%x %
Re 4251t
Bquivalent P = 2.5 x 64 = 2,720 pef = 18.9 psi
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Heaé due to gravity = 94!
p e 9% x 64 = 6,000 psf = 41,9 pal
Total resuired pressure = 41,9 + 18,9 + 50 = 110,8 psi °
Using efficlency factor of 80%:

Horsepower required = {110.8 x ) - 25.8 hp
550 x O,

Electrical efficlency of motor - 85%

3?;?8 = 30,4 Horsepower = 22.6 Kilowatts
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L 1T ARRANGEAENT

sarn ding to ABS the least diameter of the tailshaft was

LY

celen etai to s 34.59 inches. The calsoulations sre:
lMneshaft - solid shaft

d-cB_It_l-_l_
R

d = .875 )f8 1.32.000

¢ = constant = .875

Hw SHP » 55,000
d= °B75.3/52,2és k = constant = &,
d = .875(31.8) R = rpa = 109

d = 27,82 inches

toiilshaf®
T=1.14(d) + P ‘
< ¢ constant = 100
T = 1,14(27.82) + 288 '
: 160 P = prop. dia, in ins.» 288
T = 31,71 + 2,88 d = diameter(lineshaft)=27,82
T = 34.59 in. solid shaft
A 3% nuu solid Zorged shaft was selested over a hollow shaft of
sl dant. sbyangth because; 1. the hollow shaft would be nc;r.
“Hti - o build and install, 2. produced very little: weight
skvin g2, . @nd would require more couplings due to its shorter
Jeaghony,
i3 the typs and design of the lineshaft and tailshaft were
desdd o o, @n exumination was made of the shafting detatils
wh -."C'd B 5 e deadwood. It was readily disvovered that the deadwood
. e fher bearing t.o where the shaft re-entered the main
il e 0 feet long! Also, it was only & feet wide at the top
and 6 few, wide at the baseline, After the shaft is located in

1t3 poopar position there is only a 30" oclearing between the
' 200



shaft and the side of the deadwood. This distance does not take
into account the bearings and couplings that must be located in

this short space, A single shaft 80 feei long cannot be considered

as practical because of the difficulties of fabriscation and
installation, and if this shaft ever broke it would involve a
tremendous expense to replace. Also there is no space for a
walkway alongside the shoft for inspection ard lubrication.

£11l the preceding factors have convinced Scuthern Yarine
Jystems that the design of the deadwood and t:ilshafting arrange-
ment must undergo a thorough redesign. Southem Marine Systems
48 in the process of formulating & solution to this problem,
A detailed proposal will be submitted for approwal that will
give the economic, time, and structural factors (insidered in
the propogsed redesign of the tailshaft,

20l



STRUCTURAL FLANS

Southern Marine Systems recognizes the large mmbey of
structural members that go into a completed ship. 4s a repre-
sentation of Southern Marine Systems' ability to design ship
structures, the collision bulkhead and rudder plans will be
j~csented, Both plans were designed to the specifications of
the ZBS.

Collision Bulkhead

The collision bulkhead is the most importent subdivision
bulkhead on & ship. This bulkhead must remain intact after a
collision (et the bow) in order that the damaged ship can make
it to a port for repairs., The collimion bulkhead is therefore
heavier and/or stronger than any other subdivision bulkheed.
Furthermore, this bulkhead is required to be not less than
ons=twentieth the length{L/20) of the ship and not aore than

one-twentieth plus ten feet(L/20 + 10) from the fore perpendicular.

The location of the collision bulkhead on the 1,145 foot
containership is 55.70' aft of the fore perpendiocular. This
distance is exactly equal to L/20. Forward of the collision
bulkhead is located the chain locker, 33.67' above the bassline
and the stores flat located 68.16' above the baseline.

The bulkhead was designed to meet the requirements of
Section 12, "Watertight Bulkheads", ABS. The plating thicknesses
were caleulated and standard sizes were used throughout in order
tc reduce the number of plates of different thicknesses. The
stiffners were framed horizontally (toe down) because the hori-
sontal direction had the least span of unsupported length. In
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order to reduce the size of the stiffners, a vertical girder
extending from the CVK, Center Vertical Keel, to the stores
flat deck and two girders eight feet (8!) off centerline axtend
from the stores flat deck to the main deck,

Horizontal webs at the chain locker deck and the stores
flat were added in order to support the vertical girders and
to distribute the stresses into the main hull girder.

Rudder

The twin rudders for the 1,149 foot containerships are semi-
balanced, streamlined, and attached to a rudder hom. The rudder
area(425 2 per rwider) is 2.1% of the product of the length
between perpsndiculars and the deaign draft, which conforms
clossly to merchant practice.

The rudders are designed to be turned 35° to port and
starbocard, External rudder stops shall be fitted to prevent
the rudder from being turmed to a greater angle than 357,

Rudder construction is similar to that of the 20-imot
Mariner Class vessels. The rudder is supported on the hom and
conforas to the shape of N.A.C.A, 0000 symeetrical airfoil.
Internal stiffning is provided by horizontal and vertical webs
of 2, inch and 36 inch spacing respectively. The leading edge
and trailing edge bars are castings and the wertical and horie-
sontal webs and rudder shell are 20.4# plate, Since the rudder
is of the closed plate typs, special closing arrangements are

necessary,
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STRUCTURAL DETAILS

On & complicated modern ship there are thousands of structural

details that the shipyard must desim. !Most of these struct.ural
details are fairly standard because they serve the sane wrﬁou on
jifferent types of ships, The two sample details of the bulwark
and hold frame Liracket are axamples of this.

The bulwark shown 1s fitted as a protection to pervonnel
walking on the main deck and cargo deeck. The bulwark is of the
floating or free type because it is not attached direotly to the

main structure of the ship. The advantage of this arrangenent

is that the bulwark is not welded to the sheer strake and twrefore

does not ast as part of the ship girder. The six inch openi:g
between the bulwark and sheer straks provides fmaing_spaoe for
water cn the deck to escape overboard.

The hold frame bracket is necessary in order to prevent ¢
"hard spot” from forming where the hold frame is welded to the
tank top, The bracket is made large enough to provide adequate
fixity but need not be any thicker than the web of the hold frame.
A sloping chock 1s welded to the tank top and inner bottom floor
where the flange of the hold frame bracket is welded to the

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

SEA CHEST

In the design of the ses chest the most important aspest
consideregd was the stress raising effect of a penetration in
the atrength anvelape, The penetration therefore must be rein-
forced by one of the following three ways; 1. doubler plate,
2. face bar, or 3. insert plate. The insert plate was chosen
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to reinforce the opening bscause of its easier fabrication, weight
saving, and for less interruption of flow arcund the mll.

The aea chest shown is located in the "D" strake of bottom
plating below the machinery space double hottom., After the
msthod of reinforcement has been selected, the thickness of the
added material must be determined. ﬁsing an optimm percentage
of reinforcement of 50%(Cuide to Sound Ship Structures, D'Arehangelo)
the insert plate thickness was caleulated to be two inches or
(86.1#P1.CH), Next a strength check was run to make sure that
the opening did not cause a stress over the yield stress of the
material. lsing a stress concentretion factor of 2.1 and an
acting nominal stress of 4.88 tons per square inch, the maximun
atress at the penetration was calculated to be 10.25 tons pdr
square inch or 23,000 psi. This ie an acceptable stress because
it has a 2,02 factor of safsty against ylelding.

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

out foreign matter.

PENETR:TION in STRENGTH ENVELOPE

£ax
Z M = 1,461,421 foot tons
=1 Z = 369,000 in? £t
369,000

= 3.96 t.ons/in2

Plate 8' wide x 1.31 Hole 18" x 18" x 1,31
fp = 8 x 12 x 1,31 th = 18 x 1.31
Ap = 126 #q.in. Ah = 23,6 8q.in
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Percentage of reinforcement = 28 x 100
A

.50 = 2a x 100
23.6

2a = 23,6 x .50
100

28 = 11,8 Q. in.
(23.6+11.8) m18xt

t = 35.4
18

t = 1.97 in. Pl, Use 2" P1
86.1#CH.

Stress concentration factor

k = max §" at discontinuity
nominal £ at discontinuity

k=pr=_30 ¥ use 3.2,
b b
k=21

ne= a(9 x 1.31 -3.96toilix = }.88
_52_73 x 1"':.31"} in®

n = 4.88 tons/in?
§ max e 2.1 x .88
§ max = 10,25 tons/in®

" =10.25 x 22,0 # x ton
Ton g7

¢ = 23,000 psi
£.8, yield = 2,02
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RATPROOFING

Rats have traditionally been a oonstant sources of troubls

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

interfere with his economic and physiocal well-being. To eliminate

this source of trouble Southern Marine Systems deeigns and
fabricates the ship in such & manner as to sliminate or render
inaccessible those spaces which may afford & rat harborage or
be & source of food or water for rats,

To aceomplish this goal Southerhi Marine Systems follews
the detail requirements of the "Handbood on Sanitations ef
Vessel Construction”, United States Public Health Service.

The first detail ehows the arrangement of multiple and single
cable penetrations of a steel bu]khe#d. The sscond detail
shows a pipe penetration. | In no case can an opening be greater
than } inch at the lsast dimension,
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SUBASSEMBLY LIFTING ARRANGEMENT

The 1lifting arrangement is shown on subassembly No, 7 of
module No, 5. This subasseusbly is part of a typlcal transverse
bulkhead. The weight of the subassembly is 44.58 long tons and
the center of gravity is loeated vertically 20 fest from tﬁ
top of the subassembly and horizontally 14.5 feet from the |
outboard end. The subassembly consiste of plating, stiffners,
and girders and webs which have a depth of 8'<0" and flanges
of 80" and 24" respectively.

In order to understand the lifting arrangements for this
subassembly, the method of construction must first be sxplained.
In the panel). shop all the individual pleces that make up this
subasssmbly coms together, The flat bulkhead plating is welded
on one side and then flipped over and welded on the other side,
Next the stiffners are attached snd followed by the vertieal
girders and horizontsl webs. The pad eyes are then attached
to the vertical girders and the subassembly is then shot blasted
and primed and teken to the storage area. At the proper time
the subassembly is 1ifted by a large crane with a load spreader,
The load spreader has the advantazes of producing only temsion
in the pad eyes, and the rope between the crane and the spreader
can move horlzontally in order to phu the point of load and
point of support in the same vert.ieai plane,
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Two pad eyes are required to 1ift the subassembly. Pad eyes
with the following dimensions are raomer‘lQod.

¢

l 2%’ dia.

Considering the hole in the paed ey= as a rivet hole in a piece

of plating, the four methods of riveted connection failure wers
»

investigated. The results are:

Shear of bolt T 29.9 tons
Bearing or crushing

of plate 58.2 tons
Shearing of plate T S4,6 tone
Tensile failure of )

plate 3] tons

The shearing of the bolt was the coritical method of falure,
The actual load on each bolt is 44.58/2 or 22,29 tons. The fastor
of safety is therefore 1.3, ’ '

Also shown on the slide is the method of joining subassemblies.
The plates and stiffners are joggled and the stiffners are left
loose for 4 to 5 feet from the end to facilitate easy allignment.
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ANCHOR SEIECTIOR

Anchor size is based on anchor holding power .'m fine sand
and the forces acting on the ship unc.ler design conditions of
70 knot winds and a 4 knot current. ICa.leulations should be
made for light load and full load drafts, and the condition
giving the greater load used to deteymine the anchor size.

The required anchor holding power is:
H = ZR
where;

H = holdiing power of anchor

R = total wind and current reaction on a2 ship which is

equal to the wind force(Fw) plum the skin friction
force(Fs) plus the propeller dreg force(Fp),
The wind force may be satisfactorily approximated by:
Fw = OOl .W.z
where;

Fw = wind force

A = transverse projected area above the waterline in sq.ft.

Vv = wind velocity in knots
The skin friction force may be detewmined using Taylort's Method
to get the wetted surface;

S = 15.5\/AL

Holding Power to “eight Relationship for various types of anchoras:

mushrooca anchors H=2,5%
commercial stockless anchors He AW

- Kavy commercial stockless anchors H» 71Wto 9.1W
Stoek anchors (Navy) ; H= 734
Janforth anchors H = 16W to 2W
Navy lightweight (LuT) H - g3W-818
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Oui ship makes use of two commercial stockless snchors per ship,
A = displacement in long tons
L = length of ship in feet between perpendiculars
Fg = tlr1=8?5
where;
Fe = gkin frietion forcs
{ = constant
3 = wetted surface area in square fest
v = velocity of current in knots
1.825 is a constant exponent
The propeller drag force is found by:
Fp = 3.17C7% Ap
where;
Fp = propeller drag force
V = velocity of current in knots

C = projected area of propeller blades minus the hud
divided by the propeller disk ares

Ap = propeller disk area in square feet
In order to get the required anchor weight in air, a constant 2
im used which is the factor for traneient loads caused by wave
slap and motion of a ship while swinging at anchor,

Z = 1,00 for submarines

Z=1,25 ~ 1.50 for destroysrs '

Z =1,50 ~ 1.75 for largs cruisers

Z = 1,75 - 2,00 for merchant ehips, aircraft carriers, and
naval auxiliaries

The required anchor weight {in air) is:
We2R 7

H/W

whore H/'Y is the holding power to weight ration for the anchor
selactad,

25.1



Our anchor selection caloulations are as follows:
Fw = 004 AV A = 11,669 sq.ft.
Fw = (.004)(1.1689 x 104)(7 x 10%)2 ¥ = 70 knots
Fw = (.004)(1.1689 x 10%)(4.9 x‘103)
Pv = (,004)(5.72 x 107)
Pw = 2,29 x 104
Fw = 22,9008

S = 15.5 /AL

s = (35.5) [(9.885 x 104)(2.114 x 1o3)]i
$ = (15.5)(1.1 x 10%)?

8 = (15.5)(1.05 x 10%)

3 = 1,627 x 10°

S = 162,700 sq.ft.

r, = royi-825

Ps = (9 x 10°7)(1.627 x 105)()}+825
Fe= (9 x 10"3)(1.627 x 10°)(1.26 x 10%)
Fs = (1463 x 10°)(1.26 x 101) |

Ps = 1845 x 104

Fs = 18,4508

Pp = 3.17e724p

Fp = (3.27)(2.145 x 1071)(4)%(4.52 x 107)
Pp = (6.81 x 1071)(1.6 x 10%)(4.52 x 10%)
Fp = (1.09 x 10%)(4.52 x 10%)

Fp = 4,93 x 10° ¢ = projected blade ares

of disk area
Fp = 4,93
C = 21/452 = .25
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Fp = (3)“‘-;930)
Fp = 14,790F

RePwe+Fs+ PFp
R = 22,900 + 18,450 + 14,790
R = 56,1404

Required anchor weight in air is:
W= ZR

H/w

Wom
h.?w?w

W= 9.8l x 10%
4.7

W= 2,09 x 10
W e 20,9008

Chain size and scope are detsrmined to suit the anchor size
and the depth in which the ship will anchor, using the following

catenary equation:

We = H or A= H (1)
,B'H-c 087':'1'0
a2
g = 3e° - (2)
v ¥
H = 52 % (3)
Y e F wly
Se =/ i B 5 (A)
5.087‘#0 ) .
where;

Ae = catenary paremeter, determine from equation(2),
using assumed scope of 180 fathoms

»87 = constant to current chain weight in air to m':l.ght
in water
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S¢ = acope of chain in fathoms

¥ = water depth plus height of hawsepipe above water

We = chain wedght in air, pounds per fathom
Determine chain weight using equation(l). If caleulated
weight falls between chain sizes, use the next larger chain
size, Netermine the required scope of this size chain by
using equation(4). The static load factor of safety for the
selected chain may be determined by:

FS = ultimate atren h
H + Sel. We

The required length of chain to reach from the hawsepipe
through the windlass to the chain locker, must be added to the
calculated scops, Since the chain is procurred in 15 foot/
fathom or shots, the length of chain must be the next full

multiple of 15 feet/fathom,
2

HeZR Ac = %%_. "z
H = (1.75)(5.614 x 10%)
H = 9.81 x 10% Ae = (360)° - 44
20, 2
- = %)(1,316 ey O TEpR - ®
We = =9.81 x 104 Ac = 1,316
11.43 x
Wo = 8,56 x 10?
e = 856#/fathoa
Standard anchor 20,900#, proof load 208,800#
Standard chain= 3 7/8" link - 360 fathoms
Chain proof load 540,000f ultimate 771,5004
The chain weighs 12,850f/shot = 15 fathoms chain Weo = 856 #/fathom
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FS = 00

90 X 1 + .87 x
FS = 7.715 x 105

(G.81 x 10°) + (3.6 x 10°){T.40 x Iﬁ’,
FS = 7.715 x 109

§.81 x 1 + {260.9 x
FS = 7,715 x 107

19.71 x 10F) + (26.9 x 10

7.715 x 10°

] x
Fs = 2.1

Chain pipe size:
Cp=6kd whers; d = inside diameter
Co = 6,5 x 3.875
Cp = 25.1 in,

Chain locker size for s commereial stud link:
V= .75 147
v = (7.5 x 10°1)(3.6 x 10%)(3.875)°
V = (2.7 x 10%)(1.498 x 10%)
V = 4,04 x 10°
V = 4,040 cu.ft.

Horsepower required for windlass:

HP = W + wd
3.5
HP = 41,800 + (5,14 x 10%)(3 x 101)
3.645 x 10°
HP = B0O + 154,2 where; W = weight of anchor
3.045 x 1

w = wt/fathom of chain

HP = 196,000 '
3031:5 x 104 d = depth in fathoms

HP = 538 A commercial ship must be capable of

lifting 2 anchors from a depth of 30 fathoms 2885

at the woata nf A fathoms/min.



ELECTRICAL PLiN

It is well understood that electrical asystems generally
contain an infinite nuaber of parts, Therefore, Southern Marine
Systems prefers to handle components rather than parts wherever
possibla, The drawing shown reflects our navigational lights
system, You may note that the lighte plug into the cables rather
than having an intemal hook-up for each. This grealtly spesds
construction because the cahble ends are asssmbled in the elsctrical
shop., Thus the only electrical connection in the field is the
annectim between the locking plugs and the recepticlas,

There are pany similar forms of wiring installatiens through-
out the ship accompanied by prewired terminal boxes. However,
the locking plugs and terminal boxes are sometimes undesirsble,

In such a case the wiring is installed in a module or subasseably
and enough cable is left in a coll to make the run to its terma~

ination point,

260



PAINT SCHEDULE

The painting system in our yard follows closely with our modern
production line technique. After the panels are completed in the
Shell and Panel shops, they move directly to the Blasting Shop where
they are machine blasted and sent on to the Primer Shop, Here they
are masked for additional fitup, primed, and marked for assembly.
From there they move to the Storage area.

Using the machine blasting technique we are able to greatly
lower the cost of a coating job. It cost approximately 3¢(three
cents) per square foot to machine blast versus 20¢(twenty cents)
per square foot for manual blasting, thus saving half the total
cost of a coating job. This savings cun be used to apply one of
the new epoxy coating systems, which otherwiee cost more than a
regular painting system if manual blasting were used.

“e highly recommend an epoxy coating system for this class of
vessels bacause of their long 1ife., This would allow the vessel to
go longer between drydocking and repainting, saving money in the
long run,

The coatings which we will use are put out by USS Chemicals,

The general system which we intend to use 1s as follows:

Exterior Coats Coating DET mil:
keel to light load 1 zinc rich shop primer 1
line 1 ginc rich 110 2

1 Tarsst G-200 8
1 Tarset 305 AF 12
boot topping 1l ginc rich shop primer 1
2 Taraset C-200 16
deep load 1line to rail 1 gine rich shop primer 1
1 high build Epoxy(color) 5
working weather decks 1 ginc rich shop primer 1
Focsls deck & catwalks 1 Tarset C-200 non-sicid 8
1 high build epaxy(color) 2
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Exterior{cont. )

weather decks{other)

superstructure(steel

superstructure{alum,

coatbs

= e

) 1
1

) 1
1

masts, stocks, fittings 1

Interior
dry cargo apaces
Iining spaces
machinery & squipment
spaces above the bilge
volds & cofferdams
potable water
clean petroleum

products & tanks

wet bilges

Paint Data

U.5,3, Tarset
Use:
fouling of vessels in sea-going service.

anti-corrosive properties intc one material.

AF

1

Coats

Lol I ol

N - - N I

coating

DET mils

zine rich shop primer
high build epoxy{color)

zine rich shop primer
high build epoxy(color)

shipyard primer

high build spoxy(color)

zine rich shop primer
high build epoxy(ecolor)

Coating

ginc rich shop primer
high build epoxy

zinc rich shop primer
high build epoxy

zinc rich shop primer
high bulld epoxy

gine rich shop primer
high build epoxy

zin¢ rich shop primer
gine rieh 110 putable

ginc rich shop primer

‘high build epoxy

ginc rich shop primer
high bulld epoxy

DET mils

[+ Ay [ SIS N e - vk Wi

1
)
1
5
3
5
1
5

To provide up to 25 months or more of protection apainst
Combines anti-fouling and
Can be applied directly

over Tarset Standard, Tarset C-200, Epoxy System Primer or Shipyard

Primey,
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Typical Propertisg

theoretical coversge
practical coverage
dry to touch

dry to undocking
color

pot 1ife

welght

flash point

s0lids by volume
component, ratio

shelfl life

Application Data

surface preparation

equipnent
thinmey
equipment cleaning

minimuwe application
{emperature

yss Tarset (200

Use: Heavy duty protection for immersion or atmospheric
surflaces requiring abrasion and corrosion resistance,
use in potable waler.

or over USS Epoxy System Primer, USS Shipyard Primsr, or USS Zinc

Hich 110,

[FrY

1120 s8q. ft./gsl./mil

85 sq. ft. 9@ 12 mils (17 mils wet)

4 hours & 77° F

20 hours.@ ¢ F
black

2 - & hours

10 1lbs./gal. (mixed)
150° F (mixed)

708

A By 3.3 31 (vol.); 4.6 21 (wt.)

~ one yeap

near white blast (S3PC 10-63T) for base
steel, Whip blast for aluminum and

plastics,

brush, roller or spray

35 Tarset AF thinner

U33 Tarset or USS epoxy system thinner

5 p

Can be applied to abrasive blasted surfaces,

Suitable for
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Typical Properties
theoretical coverage

practical coverage, per coat
dry to touch

dry to recoat

color

pot life

temperatur: resistancs
flash point

weight

odor

sag resiutan:e

Applicaiicn Data

surface pisparation

equip:anc -
thinmier -

equipm:at cleaning =

m‘nimin application temperature -

USS Shipysrd “rimer

Use:

2

1200 sq. ft./gal./mil

110 sq. ft./gal. @ 8 mils(104 wet)
3 hours 2 T° F

vhen dry to touch

black

2 to 4 hours @ 77° P

30° to 300° F(dry); 160° F(wet)
over 175° F (mixed)

10,7 lbs,/gal. (mixed)

none after 48 hours curing

good (12 mils wet)

near white blast (S5PC 10-63T)
brush, roller or spray

USS C~200 thinner

UsS C~-200 thinner

50° P

Protscts properly prepared stesl surface by providing

inhibitiva protection for up to six months until a complete,

compatatle coating system can be applied.

®rovided excellent

adhesivi, for subsequent coats of USS Tarsets and USS High Build

Epoxy, lenmasties and Insulmastice,

for aluminum surfaces,

Provides excellent protection
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Pyro )

theoretical coverage

practical coverege -

400 sq, £%,/gal./mdl.
800 sq. ft./gal. A .4 wile(1} mils wet)

dry to touch 15 minutes @ 77° F

dry to recoat 8 hours minismum 9 770 P

ocolor yellow-green

wed ghtt (11,5 1bs./gal. -

f1ash point 56° F (mixed)

Application Data _

surfacs preparation near white blast (SSPC 10-63T)
equipaent sprey or brush

thinner not. required

oquipment cleaning

minimm application
Temperature

USS Bpoxy System Frimer Thinner -

LPr

UsS Zine Rish Shop Primer

Use: To provide interim protection during fabrication or
aseembly of steel plates and ﬂ'llp'l.' Fast drying pemmits use of
automoted blasting and priming equipment. Is weld and bum
through, Should bs top coated with compatable coatings such as
USS Zine Rich 110, USS Tarset C-200, USS High Build Vinyl, or
High Build Epoxy.
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Typical Properties

theoretical coverage - 350 sq. I't./gal./mi1

practical coverage - 280 sq, ft./sgl. 1 mil(4] wet)
dry to touch ~ 2 ainutes & 77° F (maxieum)

dry to handle - 5 ninutea® 7° F

color =  biwe

metallic xine in dry film - 90% minimum

waight = 4.9 1bs./gald

flash point - 19 p

Application Data ) ‘

surface preparation . -  near white blast (SSPC 10-63T)
equipment ~  sprey

thimmer - not, roqurd

squipment, clwﬁn'g -. USS Epoxy System Primer Thirmer
minimum application temperature - LOP P

USS Zine Rieh 110
Single coat, galvanic protection of stesl surface in
ateospheric expssure, Has flexibility and adhesion typiocal of
epoxy binders with ease of mixing and spplication of single pack.
Should be tup coated with USS High Build Epoxy, or USS High Build
Vinyl Conting or Tareet C-200 for imeersion surface as in acid or
-alkaline exposures, It is weld through.

Use:
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Zypical Properties

theorstical coverage 510 sq.ft./gal./mil.

practical coverage « 200 »q.ft./gal. ® 2 m1(6 wet)
dry to touch - lhour2 7P F

dry to recost - 2 hourse?7°F

metallic gine in dry film -~ 9%

temperature reslistance - 350° | 4

flash point -~ Ny

weight ~. 19 1bs/gal.

color =  blue

moots military specification MIL - ? ~ 21035
US PHS approved for potable water

surface preparstion -  near whiie blast(SsPC 10-63"‘)
equipment - sprey or b.ush

thinner - provided at ioray viscosity
equipment cleaning - USS Epoxy Syst«um Priser Thinner

minime applicetion temperature - WP r

uss E Coa
Use: To provide one coat, color, and protection in severn
atmospheric or immersion surfaces. Used as & highly resistant,
durable coating over USS Epaxy Systea Primer, or USS Zine Rich
or USS Shipyard primer.
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Typical Properties
theoretical ocoverage
practical coverag:
dry to touch

dry to recoat

toamperature ri:sistance

colors

woight

flash roint

App Jcation DJata

suiface preparation

e/jquiraent
thirner
ejuipment cleaning

700 aq, ft./gel./mil

135 8q. ft./gal. 2 5 xd1(11 wot)
4 hours 2 77° 7

2 houre 3 777 P

200° F (wet or dry)

9 basio and safety colors
will mateh to order

11 1bs,/gal. (mixed)
102° p (mixed)

clean, dry, free of oil, grease
and other contaminates

brush, roller, or sprey
ot required
USS Epoxy Systea Primer Thimmer

minimum application tompereture - 50° P
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To find out how many gallone of paint it would take to paint
the hull from the light lead line to the keel, you need the wetted
surface area, The preliminary design was woefully lacking in all
respects, Thus, in ordér to get the surface area we had to blow
up the Xeroxed body plun so that planimeter could be used to read
the area of each ata'ion (ses glide Jo The enginesring staft
of Southern Marine jystems has at its disposal a computer,

Mr. Buckheister prepared a pmgra;l to find the displacement(see
slide ). The results were then plotted to produce a displace-
ment curve. 's knew the displacement at the 35 foot waterline
which sllow.d us to calculate the per cent srror. From this w
were able to arrive at a draft for the light condition. ¥e went
back to he copy to scale the water line length,

Tiere are two methods of finding wetied surface, The two
methds are Demy'!'s and Taylor's., Ue chose Denny's because of
f,}y vessels speed and cargo charecteristics.

Denny Method for siow bulk cargo ship

S = 1.7 LT + 9/T

where

Sw w;stt.ed surface area of molded form in egquare feet

L = Jength in feet bestwsen perpendiculars

T = molded mean dreft in feet

V « molded volume of displacement in cubic feet
Taylor %thod for fast war and passenger ship

S=CfAL

where

5 = wetted surface area in square feet of molded form when
floating in salt water at a modbded displacement in long tons
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L = mean length of immersed form, which is usually
somewhat less than hngth of load waterline

C = a coefficient dapending on the value of C_, the
midship section coefficient, in assoctati®h with

the ratio of the mldod breadth, B, to molded
mean draft, T,

Given Values
midship coefficient = <949 -
length between perpendiculars -~ 1,089 ft

length on waterline = 1,114 ft (loaded)
draft - %
Iboam - 156 1t
A
. displacement | - 98,850 lomg tons
light ship ~ 36,750 lomg: tons ® 1283:105
station spacing _ - 55.7 ft ' .._...*._
length on light load line - 986 1t |
draft -at light load line - 19,5 ft
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Denny Method
S=17Lr+ ¥
T

" L7(986)(19.5) + 12.8 x 10°
= 1.7(9.86 x 107)(1.95 x 10%) + of
( x 10°)(1.95 x ). %

Paint required for keel to light load line

coats coating ET mils practical coverage
1 zine rich 1 280 8q.ft./gal.e 1 midl{4} wet)
shop primer :

200 8q.ft./gal.9 2 oile(6 wat)
110 sq.ft./gal.® & mile(10} wet)

1 zinc rich 110 2
1 8
1 Terset J05AF 12 65 sq.ft./gal.0)2 =ils(17 wet)

Tarsst C-200

&4 coats 23 wils
Required gallons of paint for this ship using this system:
sine rich shop primer 835 x 107 = 3,61 x 10° = 351 gals.
3

sine rioh 110 9,835 x éo" = 4.8l x 10° » 481 gals,
2,0 x

Tarset C-200 9,835 x ¥ = 8,93 x 10° = 893 gals,
1.10 x

Tarset 305AF 9,835 x &o‘* = 1,155 x 10° = 1,155 gals,
8.5x1 ?
The coating system involving USS Tarset 305AF cost 304 per sq.ft.

applied. So to paint from the light load line to the keel it
would cost 30¢ x 98,350 sq.ft. = $29,405.
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21.27 FOR I=P,20) S NCI)=p

B1+28 FOK I=mP,203 ASK "HALF AKFA “aNll)al

21+09 S ACRIBNCOI*LS S ACLI=NC1I%A) § ﬂ(2)=NC2)t2
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Ple14 S AC15)=N(15)*a3 § A(IG)BN(IG)*QL $§ ACITIENC17)%4

P1e15 S ACIBISNC1IBYI*23 S AC(19)=N(19)%43 5 A(LO)=N(20)*]
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P1e32 T “THF DISFLACED VOLUME"» R»™ LUBIC FE’T“:!!
#A1+34 S5 N=D/3S S

Ble35 T ! )

P1e36 T "THFE DISFLACFD “FICGHT "sNo" TUNS"Q!}
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2712



SOUTHFRN MARINF. SYSTFMS INCORFOKATED FROGRAM 18821
vATERLINFS
IR

: *-f:'!

DISFLACFMENT CALCULATIONS FOR VARINEG

HALF

HALF
HALF
HALF
HALF
HALF
HALF

HALF

HALF
HALF
HALF
HALF
HALF
HALF
HALF
HALF
HALF
HALF
HALF
HALF
HALF

SUMATION OF HALF ARFAS=+104£14.08

STATION SFACING:54.4
THF DISFLACED VOLUMF=+3772240.0 CUBLC FEFT_f

THF, DISFLAGCED WFIGHT =+107778.00 TONS

*

ARFA
NKFA
ARFA
AKEA
ARFA
ARFA
AKFA
AREA
ARFA
AREA
ARFA
ARFA
ARFA
ARFA
ARFA
ARFA
AREA
ARFA
ARFA
AlFA
AREA

Y13
1254
2515
1868
t1272
t1695
1260
12200
12620
L2790
328160
12818
12780
12696
t1248€
12155
$1 748
119253
3818
L ALE
1294

SRS S
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TYPICAL FOUNDATION

In designing the foundation for H32SL-12W09 compresser and
condensing unit we needed to caleulate its eoffective wedght with
the ship rolled to 30°, This supplies the necessary shear forces

acting on the anchor mounting bolts to caloulate the proper sige,

These bolts were already sized by York. '/e made a check caleculation

to see if the tolts weres the proper size, Next, t!}e required
section modulus for the stiffners to distribute the load to the
deck beams and longitudinals had to be caleulated, Upon knowing
the effective plating section modulus of the combined section,
stiffners and plate;, was cslculated, The results revealed a

2" x 1» piece of acrap deck plating would be well sufficient

for the astiffners., To attach the stiffners to the deck plating
we decided to stagger the welds which were 1/8" fillet welds.

combined weight of unit = 1,080# « 432 tons
roll angle of ship = 3¢°
pariod of roll = 1i ses.

roll radius = 54°
2
w.f r = 1_0}( sin +* ;MT:‘E—)

LI oh82(55+hx%-x3§-?§-xax)2)

" = ,336tons = 7314

There are oight bolts holding the compresser and condenser to the

deck, BEach bolt is loaded by 91.5#.

-zn F 3
5 =2 % 1,190 pei

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

ofs sllowsbls stress _ 8,800

FS = ctual stress 1,190 = -4

Deck design:
living spacea, offices and passageways on the main deck
and above = 75 psi
Unit weight = 1,0804
Design with a factor of safety of 1.5 to result in a unit weight
of 1,620 if allowed to lsad 75 psi,

1,620
x

- 75
x= 21,6 ft.8q.

therefore, you need to distribute the load over at. least 22 sq.ft.

The nsul'bant forcs Hiti: the ship at n 30° 23st is:

73
g[:ﬁ Re (73)% + (1,0000% ¥ »1.305 x 10
a
Each beam has a possible 1oad of 652. 5§ st 4 7/16" away from each end.
e625% e52.5%

% | PY N P :.:s.?} Y
{ i |
R

R

section modulus, Z -% M = SZ F3 » 2
z = ¥ o (6525 X 1OVANS) « 175 107
§ 1,65x1 173

2" x A" flat bar section modulus caloulation:

: “Ll..m8 3
trial and error produced: 2 =% - $fi8r = 3% 1n
Iw .78 in® ¢ = 1.986 4n '
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The thiz'ciess of weld required:
- 8%’
| N

2

The allowable shear for a weld = 17,000 pai

ek

F3 = 4

17,000
'?'"7",,—-1.,250951

o AL125)(652,5) _ (2.93(1.25 x }9:1)[6,535 5102} o ¥
t 1 (748 x 10°5)(4,25 x 107) 074

We will use 1/8" weld staggered every 3 inches starting with 6%
on one side and 3" on the opposite side,

i o  od, e
| ! 6‘. T3.. lsi lsl
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CTHOON L TIONTNG AHY VRTELATION

The Lypa of ventilabtion used desnds upon the nature of the
ppice and Lhe seryics of the ship. It can he natural, mechimiualy
or & conbinabion of Lhs two, il oy Tacluwde sauipnesnl (o neabiog,
eleaning, nueidifyian, and dehumiitfying.

Ghhpst ventilabing spatems ore usually declpgned Tor oz outside
L

a

winter alr tem eralyre of {}o Foand swmeet Laapersbuare af %ﬁv ¥l
Gea water benneraiures of 58" Foasxisum and 28”7 minfmum nee uged
when astinating neating anld eeollng lowds for spaces Lelow Lrs
waterline .

The uantisy of aly required for sach scace ventilated ia
&sbarnincd.by neat transfer or enplylead salculations, based on
transmission o7 heat through structuve, catsile sir condlitiong,
internal heat loals, -nd similar ractors. These -ir quantitizs
mush safisfy tre maximum «llowdble temperasure rize, mintmam
allowable freah «ip ver serson, ar Hemmisusible wite of sir change.

Thers Lpre severs: aystems thab nar be cunsliersd. The niturel
flow system containg no fans and ir movemsnt 13 crsatad by Lhe
differnasce in temveradture and denorty of inalle aand ontaide aip
and the trimaing of cowls 2 aly intakes towar! ths wini, Ihis
system 3 generally limid=d Lo a f=w shops, lockerd, and atorse
rooms, and suse Iry carge holts,  7The mecnentcual systex consists
of a suitably weathe- protecte? jalst ar sutleb, an slactricslly
driven fan, a duct Lo the arsu served, .nd iistributien braneh
duets with terminals designad to suit the sup:ly or exhaust alr
funcetion required. The supply and exhauszst systan 13 Lhe method
of ventilation we chose to use, Tne supply system conveys outsids

air which has been filterd and/ur neated as rnecessary to the fan
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and {rom the fan to the spaces ventilated. An exhaust sysiem,
requiring similar ducts, conveys vitiated alr out of the ventilated
spaces through a fan which discharges it to the atmosphere. ‘'When
mechanical exhaust is not provided, the air escapes to the atwmos-
phere through natural exhaust openinge, being forcsd out by the
pressure of the supply fan,

In designing a ventilation system, our aim was to run the ducts
in as nearly a straight line as possible, aweiding shar bends,
abrupt changes in duct sizes or shapes, and all other contruction
which may cause excessive pressure losses, It is seldom possible
to aehieve an ideal duet system in ship installations, due to
structural limitations, low ceiling heights, and interferences with
piping and other systems. Cross-sectional areas of ducts ahould be
large enough to pemmit the air to flow at moderate velocities to
avoid power waste and reduce molse. In aresas where guliet operation
is essential, 2,000 fpm is maximum, and in areas where quite openr-
ation is not essential, 3,500 fpm is maxiammm, Obstructions are
often found during insulation of the ductwork, and about 10% of
the total fan pressure should be reserved in the symstem for these
additional losses,

Good duct design can contribute much to the economy of system
opsration. Abrupt changes in duct sisss or direction of airflow
are always to be avoided, Abrupt expansions are partucularly bad
having as much as 5% of the total avallable fan pressurs can be
lost in 8 single expansion., Elbows should be designed for smooth
airflow. It is desiprable to make the throat redius of the elbow
equal to the dimension of the duct in the plane of the bend. Uhere
this is impossible and a shorter radius is required, splitters
should be added in these elbows. Vhere conditions require square
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elbows, curved turning wanes should be provided,

Wwen smaller ducts are taken off the main supply duct to
serve indlvidual spaces, & division of the main duet is the most
desirable method and is based on proportional -iivistion of airs
1.8.; the air quantity in divided in proportion to the area of
the duct. ‘“here headroom an’ structural vequirements dc not allow
this arrangement and for small air quantities, branch takeoffs may
be used; i.e., small ducts connected in the main duct at & 30°
angle from the direction of the airflow in the main, It should be
recognisged, howewer, that these branch takeoffs sreate a loss in
the main Jduet. A series of susch branches may generate sufficient
loss in the system to require a step up in fan horsepower.

Frequently, fan rooms ave too saall for a properly engineered
instalistion. Thie resu;tl in bad duet approaches to fane and
finned heat exchangers, poor acoess for routine msintensnoe, and
high installation costs, Adequate fan room volume should be provided
during the initial design of a ship and checked for adequacy early
in the detail design phase. Allowance should also be made for
supplemental equipment, including power panels, motor controllers,
piping, control v;tlves » and spare filtsr storege.

All systems should be checked for proper air delivery after
inatallation is complete. Usual requirements are: ﬁininul of 50%
of design air quantity to sach space, and 80% of.dcsign air quantity
at any terminal where more than one terminal serves & space. Soms
means of orificing each biranch should be provided in the deaigzn of
the system vhich is easily accessihle, especially when ducts are
placed above ceilings. This will save sonalderable money and time

 when balanaing the system.



a

Ducts may be conatructed of galvaniszed sheet steel in order
to withstand corroaion and wvibration. Ducts may also be constructed
of aluminum in order to save topside waight. Becauss of headroom
requirements, most ducts are rectangular, round ducts being used
only in smaller siges, Circular or oval ducts are used when passing
through beams, girders, and other strength members. A heavy uct.ioh'
of ductwork is usually welded into the venetrated structure shere
structural compensation is required,  Handholes, access holes, and .
portable sections are orovided to permit cleaning, painting, and
inspection., Ducts passing over electirical equipment are made
watertight. Flanged connections are provided for making all cudts
portable, and flanged coamings are _ml-orldod where they penetrate
bulkheads, decks, and other structure. Ducts are made with either
riveted, welded, or hook seams and are airtight. Ship joints mey
be used for joining duct sections, but good worimenship is essential
to prevent leakage., Mechanical exhaust is provided to eshaust the
air from hoods over heat-producing sguipment. Supply air to the
galley is usually preheated in the winter, To maintain habitable
temperatures in machinery spaces for the operating personnel, spot
eooling with large quantities of air at high terminal velocities
is used at operating stations. Exhaust terminals should be located
over heat-producing equipment. Often, natural exhaust is ueed,
allowing some of the air to @scape into ﬁhe outer casing of the
smokestack, the rest being utilized for forced-draft blowers
retuming it to the boilers for combustion air.
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The total cooline load was calculated to be 19,150 BTU/hr.,
The main blower has %o supply 1200 cfm at 1500 ft/min. with a
pressure drop of 1.1625 inches of water, The fresh air sxfpply
blower has to supply 540 cfm at 1500 frm with a pressure drop
of 1,5493 inches of water,
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COMPARTMENT TEST SCHEULZ

Compartasnts are to be tested according to the degres of
tightness desired, IE, oil tight, water tight, air tight,
fume tight. Each compartment to be tested will heve a specific
test procedure to be carried out by the Englneering Test
D-pm-mt.; The Engineering Test Department will insure that
the compartment test procedurs is 1n compliance with the
requirements of regulating bodies, where they apply.

The following notes sre examples of specific test require- .
ments for various compartments and equipment on board ship.

1. Testing throughout shall be in accordance with A.B.S.,
Maritime Administretion and lpodﬁm:l.m requiremmnts,

2. All shell not tested by tank pressure shall be hose .
3. Pressure of all hose testing to be not less than 30 p.s.i. -
st nossle distance to nosale as dictated by A.B.S. Loaal,

4. A1l weather desks & boundaries of all deok howses are to
be hose tested.

5. All water=-tight & mr-um doore, hatches & side pen-
shall be hose tested, .

6. ALl windows & fixed light shsll be tested by hoss with
noszle pressure of 30 p.s.i. at adhtmqotlo fest.

7. mtm&m-mo-toboumwnm;utn
water to top of coaming,

a; Folding W.T. hatoh covers shall be hose tested.
9. HMachinery casing bhds. o be hose tested.

10, Misoellanecus tanks to be tost.od ﬁlli.ng with water
to top of overflow, W

11. All testing to be done after all penetrations are completed
and kick pipes, spool pieces, etc. are inatalled,

12, Rudder, Mdortmﬂ:&lnm,ﬁo haooap&nrtmte
5 P.8.4, prior to internal coating, -
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RS, S

13. Hopnintothcrthanpﬂnmt, ahallbospplhdt.o
sl'.ruetnn prior to testing.,

14. Dninwusinnrpoutmkstobetutodto-qo
head pressure as applied to tanks.

15. Pipe chase {0 receive soap & air test to § Pelod.

16. Mordninnlhtobotamdbymnthmr
to deck drein,

The following is & sample hydrostatic test for double bottoms
& and 12, Thie test must be cerried out to suit the requirements
of the A.B.S. mwmmmt&tutpmh
outlined, If the test is ocwpleted satisfactorily, the test is
sertifisd by the inspectors; however, 1f not satisfactorily ccspleted
the defect must be repaired and the test rerun,

The Quality Assurance department shall be the body charged |
with running these shipboard testa and with certifying the satis-
f-ystory or unsatisfactory ouplet.ian"or the tests, -
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SOUTHERN MARINE SYSTEMS INC.

SHIP TESTING PROCEDURE FOR COMMERCIAL SHIPS

TEST PROC. NO. TITIR:
! FREFPARED BY: DATE: REVIEWED BY: DATE:
TECHNICAL APPROVAL: DATE:

MANAGER, TEST SECTION
TEST PROCEOURE APPROVAL

DATE: -

MANAGER, QUALITY ASSURANCE ORPT.
WNER: APPROVAL LETTER NUMBER DATE: -
A.B.S, REPRESENTATIVE DATE: ——

w
CERTIFICATION OF COMPLETION OF TEST

ALL TESTS COVERED BY THIS PROC. SATISFACTORILY COMPLETED

|
|
|
A.B.S. TEST NO. S.M.S., HULL NO. 'DATE;
|
|

S.M.5. QUALITY ASSURANCE OWNER A.B.S.

|

REMARKS:




1.0 Purpose: The purposs of this test is to demonstrate the

2@0

3.0

satisfactory construction of the double bottom tanks.

L
Requirements: A.B.S. requires that double bubtom\l are to
be tested with a head of water up to the freeboard deck,
the Bulkhead deck or the highest point to which the contaats
may rise under service conditions, whichever is the highest,
The test is to be made before the vessel is launched, but
after air pipes, sounding pipos'and.lll other.connections
ocutside the double bottom have been fitted; if not finished
before lmmching, the tanks should be teatodl again after
all connsctions have been fittaed,

Gene Notes:

3.1 A hole is to be cut in the tank top plating and a
pips running from the tank top to the bulkhead deck is
to be welded in the hole. |

3.2 The double bottom and the bipe are to be completely
Tilled with water,

3.3 The double bottom is then to be visually inspected
to check for leaks or buckled plating.

3.4 Double bottoms 4 % 12 are to be tested and if found
satisfactory the test shall serve as a teat for the
renaining double bottoms.

3.5 All tests are to be carried out with regard to good

practice for safety of personnel and equipment,



4.0 Test Reports:
4.1 Report any unsatisfastory condition to the proper
authorities for remedial action and comment. )
ko2 #fter correction, if any, rerun test and record
appliocable data.

43 Certify completion of satisfactory test on Page No. 1.



WEIGHT CALCULATION

Instead of the conventional end launching facilities used by
most major shipyards today, Southern Marine Systems launches ite
vessels from a floating pontocon, After the modules have been
Joined together the nearly completed ship ia moved onto the pontoon
which iests on a shelf below the water. The sholf-is designed to
withstand only one half the estimated weight of the ship~pumtoon
eombination. The remaining weight is supported by buoyant forces
froa the pontoon which is progressively deballasted during the
ship transfer process. Using this process luss costly underwater
construction was required when the yard was constructed; therefore,
great care must be taken to insure that the shelf does not become
overloaded., To accomplish this the pontoon supervisor must have
exgct information regarding weight and center of gravity of the
ship at the various stages of transfer. The information is
supplied to the pontoon supervisor by the Weight Department of
Hull Engineering. '

The Weight Department receives all approved plams and breaks
up the drawings into individual pieces. The weight of each piece
and the distance from its center of gravity to; 1) the centerline
of the ship, 2) the keel, 3) midships are tabulated and fed into
a computer which keeps a constant record of centers of gravity
from the above three planes, With the weight and center of gravity
data the Engineering Department runs a stabllity calculation to
make sure thet when the water immerses the pontoon deck (the point
of lowest CM because the only stabllizing waterplane is that of the
wingwalls) the ship-pontoon combination does not tip over.
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STABILITY

In order to determine stabllity and buoyanoy date under
different loading conditions many curves of form were derived,
These curves of form are plotted and can be used to describe
the ship's characteristics in different stabllity situations.
Thess hull charecteristics nprea‘ont'funetims of form.
Because the basic variation in underwater hull fora is the
result of varying drefts, the or::linat_.a sckle is in feet of
mean draft, The absicca is in tons of displacement. For
functions of drafts other than displacements, suitable scale
factors are provided to convert the reading in tons to the
proper dimensions.

The following page is a computer progrem to find the
longitudinal center of buoyaney.
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LAUNCHING

Anyone who has been to a ship la.mnehing well remembers the
long speeches, the high school bands, the multitudes of poo;;lo‘,
and the loud horns from everywhere as the ship alir.ies down the
woys. As the world progresses, time ibeoomeo mans most prove-
lent factor. To continue to admc_ee, time is becoming even
more important. Man must then decide whether he wants to mix
pleasure with work, or just work. Experisnce tells man to
forego the pleasures and do what he must, This is evidently
the case in the Southern Marine Systems Shipyard. This yard
has no long speeches or any of the pin'asurel in launching a ship.

As the ship is built it reaches a stage where subumbiiu
are combined to make asseablies which becoms modules, At this
time the ship, or module, is constructed on low platforms which
move teward the launch area with respective completion stages.
When the module is completed it is ready for connection into
the final stage, the ship, The noduies then roll together -
snd are connacted‘. Te ship is than rolled out onto the
launching pontoon on the same mlling platforms. The removable
wing wall on the launching pontoon 1s retrieved from its storage
area and returned to the pontoon. The pontoon is then lowsred
by flooding compartments. The pontoon is then pulled off the
launch platform which is a massive bed of concrete piling
driven into the sand next to the dock. The pontoon sinks

evenly until it is completely free of the ship. The ship which
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has gainzd buoysncy from the water covering the pontoon la
now afloat by itself, The ship is then towed to the wel
docks for outfitiing,

This appears to be a very simple cperation but is quite
complex and hazardess, As a floating dry dock is flooded
down or pumped up with a ship, its stabillity is constantly
changing. It is very important that the dockmaster, a single
man with total responsibility, be aware when minimua stability
exists, what the stability is at 4hat time, and when to expect
a largs change in stability. In ﬂoéding the pontoon the GM.,
the distance from the combined center of grevity of the ship
axi pontoon to the metacenter, is stable until the deok of the
pontoon submerges, At this point thare is a large decrease in
G.M. Any initisl ldisting of the pontoon will suddenly multiply
the G.M, shangs, 7To avoid this multiplication effect the
pontodn should be kept as level as possible umtil the ship is
submerged, As the ship obtains buoyancy the G.M, will again
increase until the ship is completely afloat and free of the
pontoon, )

At the time of launching, the ship is approximetely 908
complete. Ths pontoon 1s then pumped cut and returned to the
leunching platform ready for the next ship., The rolling
Platform must be removed and thoroughly cleaned after the
removable wing wall is dismantled snd stored.

As one may see, there are no bands, no speeches, and no
champaligne when a ship is launched. The Southern Marine Systems
Shipyard produces ships, not pertles,
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INCLINING EXPERIMENT

o method of determining the vessel's ‘center of
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Find diaplacement;

Read draft marks forward and aft

Find mean draft {and trim).
Find 4 for mean draft from curves of form,
Correct for trim.

Correct for density of water,

A (actual) = _Aﬂw

$ « density of water in cubic feet per ton
Find KM KM = KB + BM
Then KM = GM = KG

KG = vertical position of center of gravity above
baws line,
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OUTFITTING

Generally, planning and scheduling for outfitting is more
detailed than for hull construction or for machinery installation.
Our trend is to incorporate into the large subaassmblies as much
outfitting as possible. This acheduling includes that of tests
for rigging, lifeboats, deck gear, and other squipment outside
of ths machinery space. Much of the outfitting work in a ship~
yard is done by venders or outside contractors as in the case of
Southermn Marine Systems. Many venders, as in our cass, request
that their own peraonnel install some equipment in order to
assure correct instgllation. The normal sequence of hull erection
is often modified to facilitate outfitting, Spaces which are
generally ready at an early stage ar; the cargo holds for the
fitting of ceiling, cargo battens, and ratproofing, and the
refrigeration spaces for the installation of piping, insulation,
and ventilation, Our yard subcontracts a great deal of joiner
workt, This procedure is advantageous as out.fitting is only a
small task in our shipbuilding program. By subcontracting we
assure correct installation and employ fewsr employees required
for outfitting. Although the subecontractor may assumes respon-
gibility for protecting some of his installations, the yard must
be alert to provide good working conditions with undue inter-
ference from other trades and to protect the completed install-
ations from damage.

Steps involved in the progress of outfitting work in living
quarters should follow some definite order, based on expsrience,

to avoid confusion and possible renewal of outfitting work com-
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pleted previously, A typicsl procedure for operations after
eompletion of steel structure is as follows:

1. Make pips and electrical penetrations,

2, Fair buckled plating.

3. 1Install air perts or windowi.

L. Perform hose testing.

5. Fit dinsulation, wiring, ventilation ducts, piping, and
Joiner furring,

6. Fit joiner partitions and eeilings.
7. Install plumbing fixtures.
8. Lay floor covering.
9. Instell built-in furniture,
10. Fit joiner trim and doors,
1l1. 1Install wiring drops ang fixtures,
12, Complete painting.
13, Fit carpets and drapes.
1;. Inatall portable furniture.
tnere crane capscity permits, deckhouses are assembled either
completely or in sections on the ground in advance of the time when
the ship is ready to receive them. Southern Marine Systems gener-
elly includes deckhouses as assembli.o_s and are asseﬁbled on the
module in the correct erection procedure,

It is important to control the occupation of the spsces by
the outfitting trades in lasger and more coaplicated vessels.

Our yard makes use of a printed form authorizing the use of a
space by a certain trade. Authorization is given only after it
is determined that the work to be pe;'fomed will not interfere
with subsequent work to be perfomed"'by other trades. It is

desirabla to prepare and issues work lists during Zhe >rogress

-1“'.'_#4-.
hET T
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‘of outfitting. In addition to critical items to be completed,
the work list should include items pertaining to safety, inspec-
tion and apprival, and the scheduling of tests for the various
systems. This is more commonly known as a Systems Test Agenda.
8 the work nears completion, unsatisfactory items should also
be noted on the work lists, Inspectors and owners'! representatives
should be approached in comnsction with any additional or unsatis-
factory work on which action is required in a particular space
before final painting in the area is started, Early inclusion
of such items will usually insure prompt correction, thus |
avoiding a long list of work to be performsd just prior to
accaptance of the ship,

n8 the outfitting work nears completion, the work effort
is concentrated in selected areas to facilitate completion of the
work in accordanee with the compartment completion schedule,
This involves finishing all items on the work list before final
cleaning and pailnting, After painting, all fixed fumiture and
hardware should be in place and the doors securely locked., It
is obvious thai it would be highly desirable to have all testing
completed within the area beforehand.

Many of the spaces must be used during ship trials, and a
certain amount of cleaning up after trials is required., Our
yard éfigemds considerable effort in protecting painted areas

and coverings, such as carpets, during the trials,
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SEA TRIALS

The purpose of the sea trials is to detemine the ship's
characteristics under operating conditions, The ship should be
loaded as nearly as posaible to full load draft. On a tanker
this is readily accomplished as the cargo tanks can be filled
with water through the ship's cargo pumping system, On ocecasion,
additionsl 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.
Generally it 1s not practicable to bring a general cargo ship or
a bulk carrier down to _tho designed draft for trial.

Our yard often conducts a short builder's trial on the firsti
ship of a class, to shake down the ship before the official trial.

A list of principal events of a typlcal trisl is given below:

1. depart shipyard
2, ballast to briel draft
3. ac‘ljust. magnetic compasses
4. adjust radio direction finier
5, standardization runs
6. four<hour economy run at normal power ahead
7. two-hour endurance run at maximum power anead
1, perform turning circles
2., perform Z-maneuver
3. perform ahead steering test, rxider hard over to hard over

4. crash stop to full power astem; measurs reach
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8. one-hour endurance run at full powey astem
1. perform astemn stevwring test, rudder hard over to hard over
2. c¢rash stop to full power ahead;'meaaura reach
9. twowhour run at a desired lower power ghead
10. anchor test
11, deballast
12, return to shipyard
The evenis need not be run in the order they are given. The
aschadule of events is often changed during the trial because of
weather, delay, daylight, ete, The economy runs are made princinally
to determine fuel rates and to verify machinery design and heat
balance. In some casesa, the ship specifications require the trials
to be in accordance with the latest SNAME Trial Codes.

Standardization is nomally 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 »ottom painting immediately

before trials. GStandardization consists of running the vessel over

a fixed line course in hoth directions at seversl different powera

to determine the ship's speed power curve. Usually three runs over
the sourse are made at each power.

Although measured mile courses in deep water close to land are
available at several places, incluwiing Hockland, Maine, Guantanamo
Bay on the southeastern tip of Cuba, most standardization trials

are now conducted using a radiolocation system, such as Raydist.
If one transmitter is used, the ship must run away from and toward
the transmitter, which may be on land or afleat in deep water many

miles offshore, If the transmitter is afleat, a course can be run
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from the transmitter in a direction which will minimize the effect
of current, wind, end waves,

A two dimensional system, employing two land besed tranmditters,
can be used where a deep water course is available within about 106
miles of the transmitters. The optimum site and course can be selected
%o sult westhner ard sea conditions, The two=point fix determines the
location of the ship relative to the transmitters at all times, A
receiving antenna and a atrip-cha;rt recordad aboard the ship auto--
matically record the entire path of the ship on a time base with
remaricable accuracy. Since the peth of the ship can be determined
and plotted almost instantaneously, it is possible to make an number
of runs over an exact predetermined straizht course of any length
in both directions, This method can give the path of the ship during
turning circles, shead and astern reaches, and steering tests. Of
course, the usual current and wind corrections would bs required,
Lhen standardization is included in the trial schedule, the length
of trial will be at least two days, with one day devoted primarily
to standardization.

Compass adjustment. is done by turning the ship slowly in & place
where acourate ‘bea.ring fixes can be obtained, An outer harbor
sometimes is found to be a desirable place to adjust the compass.
Usually, a check with the gyrocompass is made, |

Steering gear tests are conducted during or at the end of the
maximum Jower endurance run and consist of:

1. turﬁing circles
2., hard-over to hard-over steering

3. Z maneuver
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The time for turning the rudder from hard-over to hard-over is about |
25 seconds. The 7 maneuver gives a relative measure of ship reeponse
and maneuverability. In this maneuver, with the vessel pi'omdins

on a straight course, the rudder is turned 20 degrees right. /Ifter
the ship has turned 20 degrees to starboard, the ruddsr is turmed

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
until the ship is headed on the original course. The time to complete
the maneuver is recorded. Turning cireles are measured both to the
right and to the left, each circle starting with the veseel proceeding
on a straight course., The ship's heading is recorded continuoualy

s thet it can be determined for any position of the ship on the
turning cirele,

It is rather difficult to obtain an accurate determination of
the path of the ship during the turning circle, which is about 1/3
to 1/2 mile in diameter. ¢ plot of the ship's position from data
provided by a t{wo~dimensional radiolocation system gives an accurate
turning circle path. Other methods of determining the turning
circle path, such as by taking bearings about a bucy or by making
plots of radar positions with respsct to a buoy, are considered |
less accurate.

The anchor test is conducted in desp water. Lach anchor is
dropped separately under free fall to about 60 fathoms, with the
anchor being snubbed to predetermined intervals to test the windlass
brakes. Usually the windlass is required to be able to hoi_st. both
anchors simultaneously from a 30 fathom depth at an averags speed
of 30 fpm, The housing of the anchor is witnessed at the end of

the hoist. Navy ships generally require the windlass to be capable
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of hoisting a single anchor from a 60 fathom depth at an averuge
speed of 6 fathoms per minute or 36 fpm,

The Head and Astern reaches are measured when crush stops 2re
made, With the vessel proceeding ahead at maximum 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 aa
ours the head reach is about one mile and takes about 5 minutes
to complete. The ship then pmce;ds astern for the astem rmun.
£t the conclusion of the astern run, the engines are reversed
to maximum power ahead., The distance required to bring the vessel
t0 a stop at this time is the astern reach. Since the vessal will
not te able to maintain a straight course during these reaches,
reach measurements are not particularly definitive unless a plot
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

antomated machinery.

364



SPECIFICATIONS

Specifications are the heart of any shipbuilding emtract sinee
they describe the work to be perfommed, Poorly or carelesaly written
specification can cost a shipyard much of its antieipatsd profit.

There are generally three types of specifications used in the
shipbullding business: |

Performance Speeifications - The contractor accepts general

responsibility for design, engineering, and the achlevement

of the stated requirements of performance,

Desipn Specifications - The buyer accepte general responsibility

for design and for retailed omissions, arrors or deficiencles

in the specifications and drawinge given to the contractor.

Purchase Description Specifications ~ A particular brand name

is specified and an "or equal” phrase is sometimes added. If
the speeified brand name is furnished by the buyer, then the
buyer accepts responsibility for proper performance. If an
"or equal® product is fumished by the vendor, then the vendor

aceepts the responsibility,

The following set of specifications is a basic set of purchase
deseription specifications for the ship's propellers.
The horsepower requirements of this vessel make it
necessary to go to a triple screw configuration.
The power split into the three propellers is 1l:1:1.
The two outboard screws are 40 feet off the centerline.

All three screws have a diameter not to exceed 2i feet.
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The pltch relation of &ll three screws is 1:1,
Tentatively the three propellers are to be moes?
Series B 4,70, i.e. four blades with a developed

area ration of .70, operating &t 120 rpm.

Ap (Projected disc area) 21 142
A, (overall area) 452 12
Ay (developed area) 258 12
3> (open water efficieney) 67.3 %

The propellers can be either TROOST series B 4.70 as
described sbove or equivalent. So long as the wheel
does not exceed a diameter of 2, feet and the open
water efficiency of the wheel does not fall below

67.3 % operating at 120 rpm.
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CONCLUSION

According to iBS we feel the strength of the midship sectlion
modulus is much stronger than necessary. Ue also feel & reconsid-
eration of the design of the centerline propeller shaft should be
made. ‘e feel it is not of adequate width for inspection, lubri-
eation, or removal if necessary, It appears that the width could
be extended slightly without drastic changes to th_a propellers,

A bow thruster located in a bulbous bow would improve 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 allotted we could not dwell on any givem subject. Our
objective was to demonstrabe our understanding of many toplss

rather than specific details.
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