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Cross-Section

When calculating the whipping motions of a surface ship caused by
an underwater explosion , it is necessary to have a structural model
of the ship in finite element form. Among the input data required
for this model are the moment of inertia and shear area of the girder
at specified cross-sections along the ship. If these data are
unavailable , it may be necessary to compute them from the ship ’s
plans . The general theory involved in computing them is described
as is a simple computer program written to expedite the calculation .
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1. INTRODUCTION

1.1. The concepts of moment of inertia and shear area are
fundamental to any discussion of the strength of materials or to
the load bearing capability of a structure. In particular , the
design of ships requires a knowledge of these quantities in order
to compute the longitudinal strength . This is essential to deter-
mining whether the girder is sufficiently strong to carry the
imposed weight of the ship, its stores and on-board equipment.
Standard procedures for computing these quantities have been
developed . These are described in reference 1. The purpose of
this NSWC/WOL/TR is to describe the general principles involved
and how they ha ve been implemented by computerization .

2. THEORY

2.1. In longitudinal strength calculations of a ship, simple
j beam theory is assumed to hold , reference 2. That is to say , a ship ,

fo r purposes of strength considerations, may be likened to a hollow ,
nea rly rectangular , gi rder. Therefore , the equations derivable from
simple beam theory may be used to make calculations for the strength
of such a beam of known cross—section , reference 3. Because the
girder may be considered to be a beam with a known cross—sectional
area A , those simple relations which may be found in any text book
on engineering mechanics may be applied to i t ;  for example , see
reference 4. However , for convenience , the relevant relations are
rederived in the sections below .

2 . 2 .  Consider a beam with the arbi t rary cross—section shown in
Figure 2.1. The total area A can be found by integration as follows :

A = f da. (2 . 1 )

The distance ~ to the centroid C of the area is obtained from

( 2 . 2 )

whe re it is under stood by the symbol A beneath the integral signs
that the integrations must be carried out over the entire area A.

1. DDS 9 2 9 0 — 8 .  “Longitudinal Strength Calculations ,” Design Data
Sheet , Department of the Navy , Bureau of Ships , 27 Dec 1950 ,
Unclass i f ied .

2. Principles of Naval Architecture ,” revised edition published by
the Society of Naval Architects and Marine Engineers , 1967 .

3. T. C. Gillrner, “Modern Ship Design ,” United States Naval Institute,
Annapolis , Ma ryland , Copyr ight  1970.

4. ~~ P. Ti moshenko and J. M. Gere , “Mecha nics of Mater ia ls , ” D. Van
Nostrand Company, Copyright 1972.

_ _
_ -j
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The numerator of Equation 2.2 is known as the first moment of the
area with respect to the x

~
-axis and will be denoted by the symbol

~~ Thus ,

~ =j ~~~~~~~~~~~~~ 
( 2 . 3 )

2.3. Before continuing, it is necessary to introduce the concept
of neutral axis. If a beam is bent, some of the fibers in the beam
will be in compression while others will be in tension. However,
there will exist some surface within the beam such that all fibers
lying in this curface are neither in compression nor in tension.
This surface is referred to as the neutral surface and its inter-
section with any cross-sectional plane of the beam is called the
neutral axis of the cross—section . -The moment of inertia of a cross-
section of a girder used in longitudinal strength calculations is
the moment of inertia with respect to the neutral axis of the cross-
section. The moment of inertia of an area with respect to an axis
in the plane of the area is related to the moment of inertia with
respect to a parallel centroidal axis by the Parallel Axis Theorem.
To obtain this theorem , consider the area shown in Figure 2.1.
Assume that the point C is the centroid of the area and that the x
and y axes are through the centroid . The x,~ and axes are parallel
to the x and y axes and have their origin at any point 0. Then, by
definition , the moment of inertia of the area with respect to the Xxaxis is

‘x =( ~e’,~2 da =j (~ + ~)2 da (2.4)

or,

~ =f 
y2 da + 2~ f yda + da. (2.5)

The first integral on the right hand side of Equation 2.5 is the
moment of inertia about the centroidal x-axis , 

~~ 
the second integral

vanishes because the x-axis passes through the centroid
and the third integral is the area A of the figure. Therefore,
Equation 2.5 may be reduced to the form

= ‘c + ~2 A. (2.6)

It will not be proved here but it may be shown , reference 4, that the
neutral axis passes through the centroid , hence , if ‘NA represents
the moment of inertia with respect to the neutral axis , we have from
Equation 2.6 ,

4

‘

~ 

,
~~~~~~~~~~~~~~~~~~~~~~~~
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INA = I x
_Y A . (2.7)

This equation may be used to find the moment of inertia with respect
to the neutral axis given the moment of inertia with respect to
the arbi t rary x~ -a xis where

‘x =fA ~x
2 
da. (2.8)

2.4. The procedure to be used is the following. Choose any
arbitrary axis parallel to the baseline of the ship girder cross-
section of interest (see Figure 3.1). Let this axis be the x

~-axis.Indeed , the baseline itself may be chosen as this arbitrary axis .
Now , r~ompute the cross-sectional area A from Equation 2.1, the first
moment of the area about this axis from Equation 2.3 and finally
the moment of inertia 1~ from Equation 2.8. The distance y between
this arbitrary axis and the neutral axis may be found from Equation
2.2 which , for simplicity, may be rewritten as

= Q~/A . (2.9)

Finally , use Equation 2.7 to obtain the desired moment ‘NA about the
neutral axis.

2.5. The calculation of the area of a cross-section effective
in shear , As, is a difficult problem where the cross—section does not
have a geometrically simple shape . Such is the case for ship girder
cross-sections . Several formulae for computing the shear area of
ship cross-sections have been proposed in the l i terature. Hicks ,
reference 5, discusses these. For our purposes , the following
formula , derived from considerations of simple beam theory , is used
to obtain the shear area , name ly

I t
A5 

= 
NA (2.10)

The quantity ‘NA is obtained from Equation 2.7, M is the first
moment of the area above the neutral axis , and t is the sum of the
thicknesses of all continuous side shell plating intersected by
the neutral axis. By continuous , it is meant that the platinc

5. A. N. Hicks , “The Theory of Explosion Induced Ship Whipping
Motions.” NCRE Report R579 , (1972).

5
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extends longitudinally at least 1/20 of the water line length of
tne ship. As an illustration , if we refer to Figure 3.1, we see
that the neutral axis of the cross—section of the girder intersects
the E-st rake which we know from Equation 3.1 to be 0 .5  inches thick.
But the neutral axis intersects the E—strake of both sides of the
girder , hence t is the sum of the thicknesses of both E—strakes
or 1 inch . The quantity M may be calculated from

N =f y da (2.11)

where the integral extends only over the area A’ of the cross-
section above the neutral axis.

3. READING SHIPS’ PLANS

3.1. In order to carry out the calculations , it is necessary
to have suitable ship ’s plans. Such plans are provided by inertia
sections. These are cross-sections of the girder which show only
those structural e ” ~nts which effectively contribute to the
longitudinal str - These are typically provided for up to 15
stations along in. Figure 3.1 is a typical inertia section
tak en at s t a t-  ship. The reading of inertia sections
requires a kr cf terms used by naval architects. Sewe of
the more co~’c-. .. :~~ nese are discussed below.

3.2. The following notations are commonly encountered:

L - refers to an inner—bottom longitudinal. These are
normally sequentially numbered from the keel ,
e.g., L-l , L-2 , etc.

CVK - Center vertical keel. A major strength element.

P and/or S - port and/or starboard. Used to mark those
items found only on the port and/or starboard
side of the ship cross-section . An area of
plating enclosed by a triangle marked P
and/or S means that it is not effective for
strength purposes and should be omitted
from strength calculations.

A ,B,C, etc. - these are used to label the various plating
elements (commonly referred to as strakes)
that make up the shell (outer portion of
hull) and the inner—bottom . These are
labeled sequenti.~Ly from the keel. The
strake labeled “G ” in Figure 3.1 is often
called the sheer strake and the deck (main)
plate connected to it is called the stringer
strake.

6 
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FK - Flat keel. A flat plate welded to the Ct~K extendinc:
alono the length of the shi: .

L - Center—line. The axis of symmetry of the cross—section.

$ - denotes a welded seam. These define the extent of
various strakes .

?~ atina thicknesses are given irs pounds , denoted ~ per square foot
o: ~latino. Using the density of steel , the thickness of a given
plate whose weight is W */‘ft sq is,

thickness (in) = W/40.8. (3.1)

For example , the A strake of the inner-bottom which entends from
the top of the CVK to the f i r st welded seam is labeled “A” - 20.4 ~~~.

Its thickness is therefore 1/2 inch. Longitudinals which may be
I-beams , T-beams , etc.  are i d e n t i f i e d  by two dimensions and a
we igh t .  For example , the main deck long i tud i r.a l s  in Figure  3.1
are labeled ,

8” x 4” x 15 ~ I—T.

The 8” is the nominal depth of the section while 4” is the nominal
f i a n c e  wid th . Figure 3 . 2  de f ines  the basic propert ies  of an I-beam.
The notat ion I-T means that  one f lange has been cut o f f  t h i s  I-beam
to make it a T-bearn . Sometimes the I-beam is cut at the center of
the web to make a shorter T-beam. If this were done with the beam
used in the example above , i t would probably be identified as ,

4”  x 4” x 15 # I—T .

The nominal dimens~~ ns are then used to ob tai n the d imensions of t h e
beam from a handbo — on structural design. The necessary dimensions
needed are the depth of the section , the flange width , flange
thickness and web thickness. Another structural element that might
b3 encountered in reading ship ’ s plans  is the angle , denoted by the
symbolL . Angles  are also i d e n t i f i e d  by two d imens ions  and  a
weight. For example , r e f e r ring to Figure 3 .1 , we see an anc~lebetween the sheer s t rake and the stringer s t rake labeled

6” x 6” 24.2 

~~~

.

The dimensions refe r to the lengths of the sides of the an gle and
its weight may be used to obtain its cross—sectional area by acain
usinq the density of steel. The area is equal to the weight , 24.2
div ided  by the f a c t o r  3. 4 1 . This w i l l  y ie ld  the area in in .  so . .
Thus , in general , a cr o s s — s e c t i o n  of a girder may be reduced tc 3
oenera l  e lements , i . e . ,  p la tes , beams and a n g l e s .

- — -- -— . .— .— —. —-——-—.- — ---—.— ——.—-.--—————,— — - — . —-- — --——-—-- -..-—- - ———- .~—----.-——- - , — — - —  —— --—--—- .——- -~-—.—--.-.- - —.. ,.—- —.—~-.—— -—~-——.——- ,-----.~———-— —  ~~~~~~~~ ~~~~~~~~~~~ I.. —
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4. APPLICATION

4 . 1 .  As we have seen , the ca lcu la t ion  of the moment of iner t ia
and shear area of a ship cross—section , in principle, involves the
evaluation of certain integrals. In practice , this must be done by
replacinc the integrals by finite sums . For each finite element
making up the cirder , its moment of inert ia abou t an arbi trary axis ,
c.11 i t  i , consists  of two moments of i ner t i a .  The f i r s t  is its
moment about an arbitrary axis , ix, and the second is its momen t of
iner t ia  about its own axis , i0. In the limi t of vanishingly small
areas , i0 approac-hes zero. Consider Figure 4.1. Suppose a small
area of pla ting is represented by the rectangular  element of area
ab rotated by an an gle $ with respect to an arbi trary axis ~~~~~~ . We
can compute its moment of inertia about the rotated x ’-~axis then
transform this to obtain the moment about the x-axis. If we do
t h i s , us ing  the law of tensor t r ans fo rmat ions, we f ind  that ,

= 
1 ab(b2cos2$ a2sin2$) + ab 

~~~~~~~~~~ 
(4 . 1 )

NA 12

where y,~ is the perpendicular distance from the arbitrary x—axisto the centroid of the area and ~ is the distance between this
a r b i t r a ry  x-axis and the true neutral  axis. If we i den t i fy,

i = ab y 2 ( 4 . 2 )

and ,

i0 = 
~~~ 

ab (b~ cos 2$ + a2 sin 2$) ( 4 . 3 )

we have ,

1NA = + i )  - ~
2 (ab ) ( 4 . 4 )

or ,

1NA = — (ab) ~~2 (4.5)

which is the Par allel Axis Theorem , Equation 2.F . The total moment
of inertia of the p l a t i ng  about the neu t ra l  axis is the sum of all
the iNA ’S. The moment of inertia of beams is obtained by calculat-
irs g the area of the bea m ’ s cross—section from the four beam
dimens ions mentioned previously and multiply inc this by the square
of its distance from the arbitrary x~’axis. Its moment about the
neutral axis may then be obtained from the Parallel Axis Theorem.
The same thing is done with angles. Thus , we neglect i0 for beams
and angles since they are quite small. All of these calculations

E

L  _________ ...-- ______ - ~~~~~
. —. .~~~~~~~ -~~~~~~~~~~ ~~~~
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hav-~ been reduced to a forn suitable f o r  use in a computer rocran.
The input is described in the next section.

5. PREPARATION OF COMPUTER INPUT

5 .1. As previously  poin ted ou t, the structural elemen ts tha t
nake up the gir der may be grouped into three ca tegories. These
are plates , angles and scant l ings  (I , J , T—beams ) . The purpose of
th is section is to describe how the da ta needed fo r the computer
program is to be obtained. The tools required are the inertia
sections , a ruler (preferably divided into units of approximately
1/5 0 inch) , dividers and a drafting machine for measuring angles.
It is mos t convenien t if the readin g operation is carried out on a
drafting table but this is not essential. Adjust the machine so
t h a t  the base l ine of the iner t ia  section (see Figure  3.1)  is the
:ero degree r e f e r ence  and the CVK is the n ine ty  degree r e f e r e n c e .
A l l  angles  should be positive and between zero and ninety de grees.

5 . 2 .  P l a t i ng  elements must be divided up into rec tany~~es
s u f f i c i e n t l y  small that their  cross—sectional area is acc ratelv
approximated by a rectangle of area equal to length tiin e~
thickness. For decks , bulkheads , strakes , etc. that have little
or no curva ture , a rectan gle of much lon ger leng th wi l l  suf f i c e
than for those which have a great deal of curvature and which must,
therefore , be divi ded in to rectan gles of shor ter lengths .  The
thi ckn ess wi l l  be ob tained f rom the p la ting ’s weight via Equation
3.1. ~~o other quantities are required for calculating the inertia
of the plating. These are the perpendicular distance of the
cent roid of the pla te element from an ass umed (arb itrary ) neutral
axis (D)* and the angle (PHI )  in degrees tha t  the elemental  rec tangle
makes wi th  this  assumed neut ra l  axis ANA , which is para l le l  to the
base l ine .  Since all lengths and d is tances  are in a r b i t r a r y  un i t s ,
scale fac tors  must be determined from the inertia section drawin g
in order to convert the units to feet or inches as appropriate .
This can be done by determining the number of units in some known
distance  on the drawing , fo r  example the depth of the section from
niain deck to keel.

5 .3 .  Angles  have a cross-sectional area that  is obtained f rom
the weicht per linear foot of length according to the rub
discussed in Section 3.1 supra . Since the moment of ine r t i a  of the
angle about its own neu t ra l  axis  (i 0 ) is smal1 in comparison w i th
its moment about the ANA , only two quan tities a~ e requ ired for
inertia calculations for angles . These are the w-eicht per l inea r
foot (WA ) (obtained from the angle ’s identification on the drawina)

• and the perpendicular distance between its centroid and the ANA ,
• call it (LA). This distance will be in arbitrary units. Similarly ,

for scantlings , we need only determine the beam ’s nomi nal , identify-
ing, dinensions and weicht ( W S)  , and the perpendicular distance of
its ~cntroid from the ANA , call it (DS ) . It is important to deter—
nine the type (TYPE) beam that is being considered. These nov be
identified as I—beams , J-beams and T-beams (two types) . A J-beam
is simply an I-beam with one end of the flange cut off. J—beams

~See Table 6 .1  for  meaning  of ~‘or t r an  symbols
9 
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are identi f ied on drawings by the symbol J . As previously
mentioned , I—beams may have a f l ange  cut o f f  to form a T-beam
(r e f e r r e d  to herein as a T-f l a n a e , TF) or they may be cut in the
center of the web to form a T-beam (referred to herein as a T—web ,
Tic). The four dimensions of the I-beam necessary to compute its
cross—sectional area are the section depth (S D) , width of the
f lange (WF ) , thickness of the flange (TF) and thickness of the web
(TW). These data are sufficient for the calculations carried out
1y the computer program described in the next section .

6. INPUT DATA SPECIFICATIONS

6.1. The input data listed below in Table 6.1 is required.
Fortra n symbols , formats , units  (i f  any)  and comments are included.

Table 6.1

FORTRAN SYMBOL FORMAT UNITS COMMENTS

SCALEF ,SCALEI 2FlO .0 ft.,’unit scale factors for convert-
in./unit ing units to lenqth

NP , NA , NS 315 - ,— ,— , respectively, the number
of plate rectangles, angles,
scantlings that make up
section

W ,L,D,PHI 4FlO.0 lb ,units weight/ft. sq. of plate ,
units , deg. length of elemental

rectan gl es , dis tance from
centroid to ANA , angle wi th
ANA made by the rectangle
(see Figure 4 .1 )

WA ,DA 2FlO .0 lb., units weight/ft . of the angle
and distance from centroid
to ANA

SD ,WF ,TF ,TW , 5flO.0 in.,in.,in., sect. depth , f lange width ,
DS,TYPE in., units ,- thickness , web thickness ,

distance from centroid to
ANA , beam type

• 6 . 2 .  A few addit ional  comments are in order.  First , the
• determination of the centroid of the plate rectangles , angles and

scantlings is not critical. On some inertia sections , the centroid
of scantlings is indicated. If it is not , its position may be
estimated by considering how it will be shifted by the removal of
either a flange or part of the web and the flange . Second , when
reading iner tia sections , it is useful to prepare data sheets
appropriate for recording the requisite data . These should be

10
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~abeled wi th  the section n umber , sh ip ,  date and number of p l a t e
elemen ts , angles or scantlings . Finally, it should be noted tha t
although the computer program is set up to read da ta for  an entire
ship cross-section, it is necessary , because of the symmetry , to
read only one—half  of the cross-section. When d ig i t i z ing  the data ,
it is necessary to punch one card and then this card may be dupli-
cated. Remember , however , that in a few instances there may be
P and/or S asymmetries in the plating. This has been discussed in
Section 3.2.

7. COMPUTE R PROGRAM AND OUTPUT

7.1. The computer program that carries out the longitudinal
strength calculations is written in Fortran . A listing is provided
as Appendix A. All necessary scaling is done internally so that it
is unnecessary to convert lengths and distances to real lengths and
distances externally.

7 . 2 .  The program computes the moment of inertia and static
moment about an arbitrary assumed neutral axis and then uses the
Parallel Axis Theorem to obtain the moment about the true neutral
axis. It also computes the total cross—sectional area of the
strength elements that make up the section . The calculations are
carried out in stages. First the contribution of plating is consi-
dered , then the angles are added , then the effect of the scantlings
is considered. The cross—sectional area, moment of inertia and
static moment are printed out at these three stages. This is useful
in compa’~~ng the relative contributions of these types of structuralelements. Also printed out is the distance between the true neutral
axis and the assumed neutral axis. The cross—sectional area , moment
of inertia, static moment and distance between true and assumed
neutral axis are denoted respectively by SUMA , SUMI , SUMQ , and DG.
After  obtaining the f inal  totals for these , the program computes the
thickness of plating on the neutral axis ( H ) , the moment of the
area above the neutral axis (MA) and uses Equation 2.10 to obtain
the shear area (ASHR). The units of output quantities are given
in Table 7.1.

I
r

11
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Table 7. 1

OUTPUT VARIABLE DIMENSION COMMENTS

L , T ,A , D , PHI , IO in.  , in .  , in. s q . ,  The length , thickness
ft. ,cleg. ,in.sq.-ft.sq. and area of the elemen-

tal rectangles that
make up the plating ,

- distance of centroici
from ANA , the angle
made by the rectangles
with respect to the

• ANA , and the moment of
inertia of the rectangle
about its own axis.

AA ,DA in.sq.,ft. cross—sectional area
of the angle and
distance of centroid
from ANA

AS ,DS,TYPE in. sq.,ft.,— cross—sectional area
of the scant l ing,
distance of centroid
from ANA , type ‘~f beam

SUMA ,SUMQ ,SUMI in.sg. ,in.sg.-ft., cross—sectional area
irs.sq. - f t . s q .  of the structural

elemen ts , static moment
about ANA , moment of
inertia about ANA

DG , INA f t . , in.sq. - f t . sq .  distance between ANA
and true neutral  axis ,
moment of iner tia of
section about the true
neutral axis

SA , SQ, MA i n . s q . ,i n . sq . - ft . ,  area and static moment
in.sq.-ft of area above ANA ,

• moment of area above
true neutral axis

H ,ASHR in . , in . sq .  thickness of p la t ing
on the neutral axis ,
shear area of cross-
section

A typical data set is included in Appendix A for use in the computer
program l is ted there .

_ _ _ _ _  - -— -•-- - 
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APPENDIX A

D I M E N S I O N  A ( 2 0 0 ) , L ( 2 0 0 ) , O ( 2 0 0 ) , I 0 ( 2 0 0 ) , T ( 2 0 0 ) , P M I ( 2 0 0 ) , , N ’ ( 2 0 0 )
DIM ENS ION w~ (200) .DA (200) .TYPE (200) ,AA (200) ,ASC (200)• D IM E NSION 5 0 ( 2 0 0 )  5~ F ( 2 0 0 )  . T F ( 2 0 0 )  . T W ( 2 0 0 )  ,DS (2 00)
REA L L . I f l , I N A , MA
D ATA PI/3 .14159?A /
RE AD (c .1fl ) SCA LF F, SCALE I

~EAfl (5 ,10 )YANA
Y A N A = Y A N A *SCALEF
YA N A IS THE DI STA rJ CE FROM THE KEEL TO THE ASSUMED NEUTRAL AX I S

C SCALE CONVE RTS ARP TT R APY UN ITS INTO FEET OR INCHES
C A IS THE A R RAY OF ELEMENTA L AR EAS
C L IS THE A RRA Y OF ELEMENTAL LENGT HS
C 7 IS THE A RR AY OF ELEMENTAL TH ICKNESSES
C D IS THE A R PA Y  OF DISTANCES BET wEEN THE ELEMENTAL CENT ROIDS AND T~.E
C AS SUM ED NFUT~ A L A X I S
C 10 IS THE A RR A Y  OF MOME N TS OF THE EL EM EN TA L A R EAS ABOUT TH~~IP OWN
C AX IS PARA LLEL To T~ E ASSU M ED NEU T PAL AXIS
C PHI IS THE A RR AY OF AN GLES THAT EA CH EL E M fr N TA L LENGT H MAK ES wI T~i TM ~
C AS SUMED N F I JT RA L A XIS
C ~ I~ THE A P~ AY OF PLA TE ~E IG HTS ASSOCI A TED W IT H EAC ’4 ELEM ENTAL A~~~A

R EA D (~~ e 2 O )  N P .NA .NS

C NP TS THE NUM BER OF PLATE ELEM ENTS TO RE PEA D IN A S DATA
C N~ IS THE NUMBER OF ANGLES TO ~E PFAD IN A S DATA
C NS IS THE NUM HER OF SCAN TL IP~JGS TO ~E R EA D IN AS DATA

REA r ) (5. 10) (w  ( I)  .L (I) ,D (I) ,PHI (I) , 1 1  ,WP )
SUM A O .
SUMc ~=0 .
SUM 1= 0.

C SA IS THE SUM OF THE A REAS LYING ON OR ABOV E THE A SSUMED NA
C SQ IS THE SUM OF STATIC MOM ENTS OF A R EAS LYING ON OR ABOVE THE NA

SA=0.
SQ= 0.
W R I T E  ~~~~~~w R I T E  ( 6 , ? l )

DO 40 1 1 , MP

L (I)=L (I)- * SCALE I
A ( t )= L (r ) * T (r )
0(1) 0(1) *SCALFF
SUM A SUMA ,A (I)
SUM O=S (JM Q+A (1) *0(1)
TH=PHI (I)*PI/180.
I0 (I) A(t),1728.*((T (I)*CO5 (TH))**2+ (L (I)*SIN (TH))**2)
SUMI SLJ M I .A (I) *D(I) *0 (1) .10 (1)
WR IT E (6,~~0) L (I ) .T (I) .A (I ),D (1 ) .PH I (I ), I0 (I )

40 CONTINUE
WR ITE (A,27)
WRI TE (~~,277) - -
WR ITE (6,cO ) SUMA. SUM O ,SUMI
O~ =SUM Q/S& IMA

- 

A-i
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APPENDIX A (Con t .)

r D (~ I S THE DISTANC E BETWEEN THE ASSUME D NEUTRAL AXIS AND THE TRUE
C NIUT RA L A X I S

INA~ SUMI -SUMA ’DG ’DG
C IT IS ASS UM ED THAT THE SHIP iS SYMM E TR IC ABOUT ITS CENTER LINE

.PjT~ ( 6 , 2 8)
W R I T E  (“ .28R)
. I T F (~~,~~0 )  D G , I N A
IF 1P 4A . EQ .0 )  GO TO 7~
R EAD (~~.1 fl ) (W A (I ),D A (I ), 1 1 ,NA )

C w A  IS THE A R R A Y  OF WEIG HTS/FT FOR THE ANGLES
JA IS THE A RRAY OF DISTANCES BETWEEN THE ANGLE CENTROIDS AND THE

C AS SU MED NEUT RAL A X I S
W ’~ITF (A ,?4)

W R I T E (~~,37)
WR ITE (~~.377)
DO 70 Tz1 .NA
A A (I )zW A( I ) /3. 410 Q

C AA IS THE ANGLE AR EA IN IN SQ
D A ( I )  =0* (I) ~ SCAL EF
SU MA =SU MA .AA ( I )
SUMQ SUMC ,.AA (I) ‘DA (I)
SU M I=SU M I .AA (I) ‘DA (I) ‘DA (I)
w RITE (6.50) A A (I ) , D A (I )

70 CONT IN UE
WR I TE  ( ‘~.27 )
W R I TE (6.277)
WR ITE (6,50) SUMA. SUMO ,SUMI
DGx S IJ MQ/SU MA
INA ~ SUM I — SuM AeDG’I)G
WRIT E (6,28)
WR ITE (6.288)
W R ITE (6,~~O ) DG. INA

75 REA L ) (5 ,I2 ) ( 50 ( 1)  .WF (I) •TF (1 ) .TW (I) ,DS( I) ,TYPE (J ) .1 1,NS )
C SD IS THE AR RAY OF SCANT L ING DEPTHS
C W E IS THE ARRAY OF FLANGE WIDTHS
C IF IS THE AR RAY OF FLANGE TH ICKNESSES
C 1w IS THE AR RAY OF WE B THICKNESSES
C OS IS THE A RRAY OF DI STAN CES BET WEEN SCANT LING CENTRO IDS AND THE
C ASSUM ED NEUTRA L A X I S
C TYP E IDENTIFIES THE SCANTL I NG AS I .J , W EB CUT T.  OR FLANGE CUT 7

• W R ITE (6,26)
W R ITE (6.38)
WRIT E (A. 38~~)
DO 1 00 1 1 ,NS
DSU )=DS (I ’SCAL E F
IF (T YPE U) .EQ .2H1 ) GO TO 105
IF (TYPE (I) .E(~.2HJ ) GO TO 110
IF (T YPE U ) .EQ .2HTW ) GO TO 115
IF (T YPE (I) •EQ .2HTF ) GO TO 120

A-2
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APPENDIX A (Co n t .)

los  A S = S D ( I ) * W F ( f l _ ( S D ( I ) _ 2 . .TF ( I ) ) . ( W F ( I ) _ ) w ( I ) )
GO TO 130

110 AS =S D (I ) *W F (I )_ ,5* (wF (I)_ Tw (I ))*(2 .*SD (I)_ 3,*TF (I))
GO TO 1 30

i i c AS = .5* (S0 1 *W F (I )_ SDU )_ 2 .*TFU ) * (wF U _ Tw U m
GO TO 130

120 A S SD (I) *WF (I )_ (SD(I )_ 2 .*TF (I) )‘(WF( I )— T W (I )  )—WF (I)’TF (I)
130 A SC (I )=A5

SUM A =SUMA sA SC (I)
SU MO SUMQ +AS C (I) *DS (I)
SUM I=S IJM I .ASC (I) *f)S (I) *DS (I)
WR ITE (6,55) AS ,DS (I) ,TY PE (I)

100 CONTINUE
W RITE (6.27)
WRITE (6,277)
W R ITE (6,50) SLJM A ,SUM Q, SUM I
DG=SUM Q /SUMA
IN A =suM I _ SUMA *DG *D G
W R ITE (6,28)
WRITE (6 .2 8 8)
W RITE (6.501 DG ,INA

C C A LCULATION OF THICKNESS OF PLAT ING ON THE NEUTRA L AX IS AND THE
C SHEAR AR EA OF THE SECTION

H 0 .
00 36 1 1 ,M P
TH= PHI (I) *Pj/~~~~•
DEL= .5*L (I)*SIN (TH)/12.
IF (0 (t )—D C , .LT. 0. .ANO . ABS (D (I )—D G) .GT. DEL ) GO TO 36
IF (A B S (D (I )— O C ’) .GT. DEL ) GO TO 35
H H.T (I)
A( I)=T (I)* (.S*L (I) , (D (I)_ OG )*12 .,SIN (TH ))
D ( I ) = .25*L ( I) * S I N(T H)/ 12 . ,.5* ( D( I)_ DG )

35 SA =SA +A (I )
SQ=SO+ A (I) *0 (t)

16 CONTINUE
IF H .ME. 0.) GO TO 39
NP 1=N P— 1 -
K = 1
00 1 1= 1,N P 1
IF ( A R S (P H J (I ) ) .LT . 1 0.) GO TO 1
D =ARS (0(1 ) —DG )
IF (r) .LE. A RS (D (K)— DG )) K=I

1 CONTINUE
1I( K) * 2 .
A(K )=T (K )* (,S*L (K ) .(D (K)—OG )*12 ./SIN (TH ))
D (K)= .25*L (K)*SIN (TH )/12 ,,.5* (D (K)_ OG )
SA SA.2 .*A (K)
SQ SQ,?.*A ( K)* O (K )

19 CONTI NUE
~ 9 CO N TI NUE

A-3
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APP ENDIX A (Corit . )

IF (NA .E Q.0.) GO TO 133
DO 42 I= 1.N A
IF (DA (I)—DG.LT .O .) GO 10 42
S4=SA ,AA (I)
Su=SQ .AA (I) *fl~ ( j )

42 CONTINUE
131 00 57 I~~1.NS

IF (DS (I)—OG.LT. 0. GO TO 57
SA = SA+ASC (I)
S~~~SQ+ ASC (I) *DS (I)

~7 CONTINUE
MA~~S9_flC,*sA
AS~~ =2. INA *H/MA

C A5 1-s R IS THE Sp-1EAP AREA
A SHR=ASHR*] 2.

C AS~~ CO NVERTED TO SQ.IN.
DG= YANA + DG
u RITF ( I” . ? ? )  DG,H,SUMA ,AS HR ,INA

1 0 F ( J R MAT (4F10.0)
12 f O R M A T  (SF1O.0,A2)
20 FORM AT (3I~~)
?l FOPMAT //5x*LENGTN*7X*THICKNESS*9X *AREA*6X*DIST . FROM NA *AX*ANGLF*

17X*1O Ow r . J  AX I S* )
2? F O R M A T  (/1X . ?QHDISTANCE FROM IcFEL TO N .A. .FB.2, SB FEET/IX,?9H

IT HICKNESS OF PLATE ON N.A , = ,F~~.3,7H INCHES/1X .29HAREA OF CROSS S
IECT ION = F5.O,11H SQ. INCrIES/IX ,I1HSECTION SHEAR AREA
1 F-’ .0,I1 H SO. INCHES/ 1X ,29HSECTION MOMENT OF INERTIA
1 FR .0.1 RHSO. FEET—SQ . INC HES)

23 FOR MAT(//~~0X*PLATING*//)
?4 FOPMAT (//A flx*AN (,LfS*//)
25 FORM aT (4X ~~ (INC HES) ~7X * (INCHES) * 7X *  (S (~. IN.) *7X* (FEET) *BX* (DEGREES) *

13X * U N .S O. _ FT . S Q .~~~ / )
26 FOQMA T (//60X-~SCANTLINC,S*//)
27 FORMA T (,/Sx*A PEAa ]Ox*MOMENTa 9X *INEQTIA*)

277 FORMA T (3X* (SQ.IN ,)*5X* (IN.SO ._FT.)*2X*(IN.SQ._FT .SQ.)*/)
?M F O R M A T ( / / j x * D I S T . FRO M NA*3X *I ABOUT NA’)

7M~ F OR M AT ( A X ’  (F l )  * SX *  ( IN.SQ.—FT.SQ. )*/)
~7 FO RM A T (// SX*A REA* 7X*DIST .FR OM NA ’)

17 7  FORMAT ( 3 X *  ( IN  .SQ .  ) *1 OX ’ (FT • ) ‘I)
-
~~~~ FO PM A T //Sx* ARE A *7x* DTST.FRO M NA *RX *TYPE *)

3j.45 FORMAT (3X’ (SO. IN.) * R X*  ( FT .  )* / )
co FORMAT F1 0.?,Sx ,F1 I .3,4X ,F1 1.3 ,4X ,F10 .2,S X ,F10 .2 ,SX .F12.4 ,3X )
55 FOPM A T (F 10 .3 .5X ,F)1 .3 ,IIX ,A 2 )

S T OP
‘~‘ 0

A-4
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0.156934 1.89321?
1 3~~. 0

128 6~ 48

12. 13 4. 0.
0 • 12 . 134 . 0.

48. 13” . 0.
17.5 4H . 134 . 0.
30 .  49. 132.5 0.

49. 132 .5 0.
14 .5 14. 131. 0.
34 .5 1 3 1 .  0.
9.  12.5 44 . 0.
9. 12.5 ~~4. 0.
1?. 50. ~~4 . 0.
12. 50. 84. 0.
12. 50. 81.~ 0.
12. 50. R1 .c 0.
19. 36. 80. 0.
1~~. 36. 80. 0.

~0. 123.5 28. 0.
40 . 123.5 28. 0.
70~ 43. 27.~ 0.
70. 43. 27.5 0.
79 , 9.5 —137. 0.

—1 37, 0.
40. 13. —13 9 , 0.
40. 13. —13 9 , 0.

48. —134 .5 5.
28 . 4. —13 4.5 5.
27. 33.5 —1 34. 4.75
77. 33.5 — 13 4 . 4.75
77 . i i .  — 130 , 9 . 5
27 , ii. —1 10. 9.5
27. 10. — 1?7. 1~~.77 . 10. — 127 . 1A.
27 , 13.5 — 1 2 4 .5 20 .3
77. 13.5 -12 4 .S 20.3
27 , 11. —1 2 f~. 27.”
27 , 11. —1 20 . 27.4
77 . 10. — i 1 .  33.9
7 7. 10 .  — 1 1 ~~.
77. 10.5 —1 1 0 .

10.5 —11 0 . 34,
12. —10 1 .5 39.2

27. 12. —103. 5 3~~.2
25. 10. — 10 0,
7~~, 10. —1 00 . 39,5
75. 10. — 93• 44,4
75 . 10. — 93. 44 .4
7c. . 10. —87. 48.5
25 , 10. —87 . 48 .5

A-5 
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7~~ . 10. — 40~ S1.8
10. — 8 0 •

75 , 10. —7 3. 53.8
25 . 10.  —7 3. 53,4
2~~. 10. —66.5
25 , 10. —66,5 Sn .?
7~~. 10. — ‘~~.5
?5. 10. —~~9•5
2S , 10. —50 .5 64.6 —

2~~, 10. —50 ,5 84.4
25 . 10. —43 . 64.9
25. 10. —43 . 84,9
75. 5. 5 — 36 . 66 .
76 , 5.~ —3 6. 86 .
75. 40. — 1 3 . 84,
25 , 40. —13. 88.
‘5 . 4 6 .5  30. 87.8
25, 46.5 30. 87.8
25 . 53.5 76. 87,j
75, 53,5 76. 87.3
35 , 3?. 11€ ~. 87.3
35. 32. 116 . 87.3
1?. 40.5 —113 .5 2.4
12. 4 0 . 5  — 1 1 3 . 5  2. 4
1?. 37, — 112 . 3,8
17. 37. — 11?. 3,8
12. 18.5 —1 09, 7,8
1?. l8.~ — 1O Q , 7,8
1? . 16. —1 0~ - . 17.3
1?. 16. — 105 . 17.3
1~~. 1-b . 26.8
1~~. 1 6. —

~~~~~~~. ?~~.8
1~~. 12.5 — ‘~?.5 35,4
1~~. 12.5 —~~?.s 35.4
1~~. 10 .5  —85. 41.9
I f . 10.5 —~1c . 41.9
1~~. 11. — 40 , 52.3
ia’. I i. — 8 0 . ~2 .3

11. — 71 . 61.?
15. 11 . — 71.
1~~. 7. — 63 ,~ 72.6
1~~. 7. — 63,5 72.6
i~~. 7,5 —~‘6.5 77.3
1~~. 7.5 —56,5 77.3
14 . 22 .  —44 .
j4 . 22, — 44~ P7 ,3
14 . 25. —2 0.c 49 ,;,
14 . 25. —20 .5
10. ~7.5 6.5
10 . 3 7 . 8  ~~~~~~~ ~~~~~
?~~. 1?. — 1 1 ~ - .0  0.
7~’. 12. — i 1 ~’.0 (~ .
1?. 20.  — 1 € -’~-- ,8 ~~~~,,

A-6
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7 . 20. —I 2’ .5 96 ,

1?.  20 . —1 ?1.5
12 . 20. —173,5 45,4
17 . 20 . 5 — 1?3. 87 .
1?.  70.~ —123. 87.
12.  20 , 5 —1 70 .
12.  2 0 .~ 1~~).
17 . 20.  — 1 1 ~~, 69 .6
1?. ?0. —11 5 . 69 .6
1?. 20. — 1 0 ~~, 5M ,5
12 . 70. —1 0’-. 58 ,5
1-~~. 23. ~~~~~~~~

1~~. 23. — 4 6 , 45 ,~
9 . 32. —5~~. 32,6

32. — 5-~. 32 , .~,
43.5 —d o . 0 ,
43.5 — ?Q . 0.

1~~. 2?.5 ‘.0. 90,
l c ; . 72.5 40. 90 ,
10 .  31.  6’+ , 90.
10 . 31. ~ 4 .
1 2 . 1 4 ,  —10 0 ,
12 . 14. — 100 . 26 .9
l~~. 20. —l fl ? . 4A .~
1~~. ‘0. —1 02 . 46,4

~~~ 26. —12 7. 90,
1~~. ~6, —1 2 7, 90.
28.7 13~~. 10.? 79.
24 ,7 130. 10.~ 

79,
‘1.9 26. 9, 9 28.

26. 9,9
— 1 1 5 . A.~’ —11 4 .

A ,f, — 1 1 5 .  6 .6  — 1 1 ’ .
6 .6 — 11?. 6.6 —111.
6 .6 —11?. ,.F — 11 1 .
6 ,6 — 106. 7.? — 9 7 ,
6 .6 — 106 . 7 .2  — 9 7 ,
7.? —96, 8.5 —79.
7 ,2 96. 4, 5 ..79.

— 77. 7,2 — 4 2 ,
—77. 7.? — 4?.
—2 g . ~~.6 — 134.

7,2 —~~9. 6.~ —134.
6 ,6 —1 11 . 6.’~ —1 13.

— i l l . 6.” —133.
6 ,5 —12 g. 6 ,6 — 123 .

—12 9. —12 3.
7 .?  — 1 1 3 , 7.? — 1 1 1 .
‘,2 — 1 1 3 .  7,7 — 1 1 1 .

— 94, ?~•5 — 0 3 ,
— 9 - 3 .

7 ,2 ~~~~~~~~ 1? .  — 2 7 ,
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7.? — 65. 12. —27.
9.1 —94. 12. — 94.

—96. 12. —94.
9.8 —118. 1 0.6 —135.
9.8 —118. 10.6 —135 .
8,00 5.25 e 3 0 4  .230 130. IF
8.00 5.25 .308 .?30 130. IF
7.93 6.5 .394 .245 131. U
7,93 6.5 .398 .245 131. J
15.85 6.992 .428 .299 126. J
15.45 6.992 .428 .299 126. U
15.85 6.992 .4?8 .299 128. U
15.45 6.992 .428 .299 128.
7.93 6.~ .398 .245 127. U
7.93 6.5 .398 .245 127. U
7.93 6.5 .398 .245 127. U
7.93 6.5 .398 .245 127. J
8.00 5.25 .308 .230 80. IF
8.00 5.25 .308 .230 80. IF
.00 5.25 .308 .230 80. IF

8.00 5.25 .308 .230 80. IF
8.00 5.?5 .304 .230 60. IF
8.00 5.25 .308 .230 80. TF
8,00 5.25 .308 .230 80. IF
Q .00 5.75 .304 .230 80. IF

~.O0 5.25 .308 .230 77. IF
8.00 5.25 .308 .230 77. IF
8.00 5.25 .308 .?30 77. TF
4.00 5.25 .308 .230 77. IF
16. 7.0 .503 .307 22. U
16. 7.0 .503 .307 22. U
16. 7.0 .503 .307 2. U
16. 7,0 .503 .307 22. U
7.9~ 6.5 .398 .245 101. U
7.93 6.5 .398 .245 1 01. J
7,93 6.5 .398 .245 52. U
7.93 6.5 .398 .?45 52. U
16. 3.06 .25 .1875 —119. 1W
16. 3.06 .25 .1875 —11 9. 1W
16. 3.06 .25 .1875 —117. 1W
16. 3.06 .25 .1875 —117. 1W
16. 3.06 .25 .1 875 —11 5 . 1W
1€ . 3.06 .25 .1875 —11 5 . 1W
16. 3.06 .25 .1875 —114. 1W
16. 3.06 .25 .1475 —11 4. 1W
16. 3.06 .25 .1875 —11 ] . 1W
16. 3.06 .?~ .1875 —111. 1w
16, 3.06 .25 .1875 —69, 1*
1€. 3.0€ .25 .1875 —89.
16. 3.06 .2~ .1 875 —104. 1w
16. 3.06 .25 .1875 —104 . 1w
1f~. 3.06 .25 .1~~75 —64. 1W
16. 3.06 .25 .1875 —64. 1W
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