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Ch. 9 Numerical Integration Method in
Naval Architecture
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3. Green's Theorem

4. Calculation of Hydrostatic Values by Using Simpson’s Rule

5. Calculation of Hydrostatic Values by Using Gaussian Quadrature
and Green’s Theorem
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1. Simpson’s Rule
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Simpson’s 1st and 2" Rules
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Derivation of Simpson’s 1st Rule (1/4) yy —
0
s X

st Rule:

te the function y by a parabola ( polynomial curve) whose

s the form

_ 2

lla is represented by three points defining this curve.
oints (o, 4, J») are obtained by dividing the given interval into equal
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Derivation of Simpson’s 15t Rule (3/4)
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" Derivation of Simpson’s 2"d Rule (1/4)

Simpson’s 2" rule :
‘e the function by a polynomial curve whose equation has the

— 2 3

yolynomial curve is represented by four points defining this curve.
Jints (yo, )4, Vo, ¥3) are obtained by dividing the given interval into equal
ngr

Cubic polynomial curve:
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The relation between the coefficients ay a, 2, a; (‘Find) and yg, s, J and y; are
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Derivation of Simpson’s 2nd Rule (3/4)

2
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Derivati

on of 5-8:-1 Rule (1/4)

rydlab

“te the function y by a parabola whose equation has the form

2
y=a0 +a1x+a2x
lla is represented by three points defining this curve.
oints (o, 4, J») are obtained by dividing the given interval into equal
"s".
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Derivation of 5:8--1 Rule (3/4)
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Derivation of 3:10--1 and 7-36--3 Rules

M, =M, :I:diz'[:xydx=I:aox+a1x2 +a,x dx

1
Y S2(3 Yo 4107, = y2)
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Calculation of Area by Using Gaussian Quadrature
n Node ¢,
t; = -0.7745966692
3 =0
t; = 0.7745966692
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Calculation of Area by Using Green’s Theorem

Lj(aa];[ - z‘;]dxdy = i(de + Ndy)

<
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Calculation of First Moment of Area
by Using Green’s Theorem (2/2)
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S2M = C'[)[xydy - )gdx]
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (2/10)

1-1—¢-0)dt
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (4/10)

[FIEN |

(¥4
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (6/10)
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[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (8/10)

[FIEN |

(¥4

45

23



2018-08-07

[Example] Calculation of Area, First Moment of Area, and
Centroid with Respect to the Body Fixed Frame (10/10)
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4. Calculation of Hydrostatic Values
by Using Simpson’s Rule

4
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What is a “Hull form”?

™ Hull form

B Outer shape of the hull that is streamlined in order to satisfy requirements of a
ship owner such as a deadweight, ship speed, and so on

m Like a skin of human
™ Hull form design
® Design task that designs the hull form

| Hull form of the VLCC(Very Large Crude oil Carrier) |

Wireframe model Surface model
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Lines of a 320,000ton VLCC
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Water Plan

Sheer Plan
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Station

M Stations are ship hull cross sections at a spacing of Lgp/20.

M The station 0 is located at the aft perpendicular and the station 20

is at the forward perpendicular. And the station 10 therefore
represents the midship section.

« Station spacing = Lgp / 20
+ X position of the Station "A” = Station No. of “A” x Station spacing

Sheer Plan (Elevation View)

\%%ﬁﬁ
StafionNg. | | | | | | | | \ | | \ \ | \
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
AP Midship FP
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Section Line and Body Plan

Section line or Station line

' - \
M Section line is a curve located on a

cross section.

M In general, because the section lines
are located at each station, they are
called “station lines”.

M Section lines make up the lines plan

St. 19.75

(Body plan).

 _-_: o

Buttock Line and Sheer Pla

n (Buttock Plan)

plane).
M Buttock lines make up the sheer

Sheer Plan (Elevation View)

M Buttock line is a curve located on a profile (lateral) section (x-z

plan or buttock plan of lines.

L/

\\\\ é/

section line (station)

Example of water line of a 320K VLCC

) =

—— DLWL (Design Load Water Line)
» Design Draft
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Water Line and Water Plan (Half-Breadth Plan)

M Water line is a curve located on a water plane (vertical) section (x-
y plane).
M Water lines make up the water plan or half-breadth plan of lines.

Water Plan (Plan View)

section line (Station) —— DLWL (Design Load Water Line)
= Design Draft

Example of water line of a 320K VLCC
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Example of Offsets Table of a 6,300TEU Container Ship

Waterline * Unit: mm

Stations |

................................................................................................................................
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Relationship Between Lines and Offsets Table (1/2)

Generation of offsets table
from the lines

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh

Relationship Between Lines and Offsets Table (2/2)

Waterline Centerline Buttockline  Section line at Station 19

Waterline at 18m

Section line at Station 17

["Half-breadth for each station }
+-at 18m waterline H

113033

170367
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Calculation of Sectional Area
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Calculation of the First Moment of Sectional Area

Area, :J.dA:%s(y0 +4y,

+y,)= % w(HB, +4HB, + HB,)
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Calculation of the First Moment of Sectional Area

Calculation of the First Moment of Sectional Area (about z axis)

I | | I
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Calculation of Water Plane Area

Water Plan (Plan View)

—— DLWL (Design Load Water Line)
» Design Draft

Station No. | |

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
m } Half-Breafith (HB) W
StationNo. | | | l | | | L l | | | | | | | | | J

13 14 15 16 17 18 19 20

0 1 2 3

Simpson’s 15t Rule (S1)

Simpson'’s 2" Rule (S2)

2. Perform Simpson’s 15t Rule.

-0.333 -0.166 0

1. Generate a temporary section (e.g., -0.166)

Simpson’s 15t Rule (S1)

ydlab .

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh

Calculation of Displacement Volume

M The displacement volume (underwater volume) at a certain draft
can be calculated by integrating sectional areas in the longitudinal

direction.

il

ToF -

M In addition, the volume can be calculated by integrating water
plane areas in the vertical direction. There can be a difference

between two volumes due to approximation.
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Calculation for Wetted Surface Area

M The wetted surface area means ship’s area which contacts with
water.

M This area can be calculated with the following approximate
formula.

in
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dz=(6-3)=3m

67
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Mmanjaal@ | 3 | @ |@enjea) )| 6n|ca @l @) |@] © Ko)an
HB | HB Sta.| HB | HB | sta | HB | HB fyean

Sta.| 6m | 3m |sy/sz)6y/629 Ford.| 6m | 3m | Aft. | 6m | 3m |8/ Sum|(sum)”2isM | Prod.
042 -0.12]

5 |19.66| 1841 o a1? 6 2012|1984 4 17.56 | 15.56 @ 0.01 118 1.08 1 109

4 1756|1547 070 049 5 19.66 | 18.41 3 1338 | 1116 | -0.24Q 0.06 1.55 1.24 3 372

3 1338|1116 0.74 Qass 4 17.56 | 15.47 2 814 664 |-033Q 011 1.66 129 3 3.87

2 814 | 664 | 050 025 3 1338 | 11.16 1 262 216 |-0354 013 1.38 117 1,444 169

1

lyz | 543 | 439 | 0.35 012 2 614 | 6.64 @ 262 216 |-036Q 013 125 112 1.778] 1.99

1 262 | 216 J 015 002 lyz | 543 | 439 e | -022+|-028«]|-037Q 0.14 1.16 1.08 0,444 048

= =1284

2. Substituting 1) and 2) into the formula.

69
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Manjaa1@ | G @ | @en@al Gy GniGale | @ [@f @ Jaojan
HB | HB Sta. | HB | HB | sta. | HB | HB Jyean
Sta.| 6m | 3m |sy/sz|®y/629 Ford| 6m | 3m | Aft | 6m | 3m |8y/6x] sy/52 | Sumfsum) 2| sm | Prod.
0.42 -012
5 |19.66| 1841 o a1? 6 2012|1984) 4 17.56 | 15.56 @ 0.01 118 1.08 1 109
4 |17.56 | 1547 070 049 5 |1966|1841] 3 1338 | 1116 |-024| 006 | 1.55 1.24 3 372
3 1338|1116 0.74 Qass 4 17.56 | 15.47 2 814 664 |-033] 011 1.66 129 3 3.87
2 | 814 | 664 | 0.50 025 3 1338 | 11.16 1 262 216 |-035) 013 1.38 117 1444 169
1
lyz | 543 | 439 | 035 012 2 814 | 664 @ 262 | 216 |-036] 013 125 L1z JL778] 1.99
1 262 | 216 J 015 002 lig | 543 | 439 e | -022+|-028«]-037] 0.14 116 1.08 04444 048
= =1284
S~ 521‘5“’5 1+ l HB 1w = HBryy 1 -on n HB 1w = HBry 1sm + HBy, n=HBy, s, LdX
Sta.1 2 2-0x 2-0x oz

7
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5. Calculation of Hydrostatic Values
by Using Gaussian Quadrature and
Green’s Theorem

ydlab -

Description of Section Lines (1/2)

Example of text file for describing the body plan

of a ship

300.050.0 27.0 18.0 Il LBP, By Dy T
27 Il Section Line Num.
1.011 Il Station, Point Num.
Yo 2o II'Y coord., Z coord.
Nz
Y22,
Y10 Z10
1.510

(¥4520) v

' | dlab -
by ey
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Given: B-spline curve, the intersection points between the B-spline curve and water
plane, and B-spline parameter “u” at each end point of the line segments
Find: Sectional area and 15t moment of section

e D )
2
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% Method to check whether the line segments are
located under the water plane or not

n«(X-0)>0

79
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705 Calculation of Water Plane Area, 15t and 2" Moment of
Water Plane Area

Given: Intersection points between the water plane and the section lines
Find: Water plane area, 1t moment and 2" moment of the water plane area

Calculation procedure

S 81
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